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FOREWORD 


The general scheme outlined in the preface to Volume I has been followed in the 
preparation of Volume II, although certain suggestions made by reviewers and others 
have been adopted. One or two reviewers of Volume I, for example, made the remark 
that too much space had been given to Organic Chemistry. This is, however, more 
apparent than real, for if the pages allotted to each of the chief branches of Chemistry 
be numbered, it will be found that, counting only the reading matter, more space has 
been allotted, in both Volumes I and II, to the Inorganic and Physical branches of 
Chemistry than to the Organic section. It is the space occupied by Organic formal* 
which makes these articles so bulky, and thus gives them the appearance of pre- 
dominance. We have done our best to reduce this bulk and have been able to do 
so in many cases without detriment to the article involved. We hold the view that 
articles in a dictionary of this kind must be clearly and concisely written, and no 
modern article on a subject in Organic Chemistry can be constructed to comply with 
these conditions unless it is illustrated by elaborate formula). 

Again, the comment has been made that the new edition of the Dictionary 
appears to be written on a fundamental basis and seems, therefore, to have little to do 
with “ Applied Chemistry.” It is interesting, in this connection, to note the difference 
in meaning which the word “ Applied ” has undergone since the first edition of the 
Dictionary was published. In those days the words “ Applied Chemistry ” meant the 
field in which the chemical technician worked, and it was necessary for such a worker 
to possess a wide knowledge of chemistry ; he consulted the Dictionary in order to obtain 
information on subjects on which he was working at that moment. The Dictionary 
was made for such as he, and we aim at maintaining its value from this point of view. 
On the other hand, the passage of time has led to the general recognition that there 
are not two branches of Chemistry, “ Pure ” and “ Applied,” but only one kind, and 
that the “ Applied ” or “ Industrial ” side must be based on pure chemistry if it is 
to exist and prosper. We have therefore continued the plan adopted in Volume I 
and have inserted a number of monographs on fundamental matters, while, at the 
same time, retaining the articles on leading industries after bringing them up to 
date. In the matter of illustrations of technical plant we have avoided, and intend 
to avoid as far as may be possible, the reproduction of illustrations from the advertise- 
ment pages of the Chemical and Chemical Engineering Press. The apparatus 
illustrated in this way often deals with appliances made for a specific purpose, while 
it is the object of the Dictionary to be as general as possible. Nevertheless, we 
propose to draw freely from such illustrations when necessary, provided they are 
specific to the article in question. When special drawings are required they will be 
provided. 

Again we have to thank all concerned for the ready help they have accorded us. 
Especially is this the case with the Printers, who took great pains and patience to 
follow our requirements in the matter o'f Organic formulae. The success of their 
work is shown in the text and is self-evident. They are heartily to be congratulated 
on the completion of a difficult and onerous task. 

We have also to thank those who have given us permission to reproduce figures 
and tables from periodicals controlled by them. 

J. E. THORPE 
M. A. WHITELEY 

South Kensington, 

June. 1938. 
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BM. Chim. farm. 

Boll. Sez. Jtal 

Boll. Soc. Geol. I ted. . . 

Boll. Soc. Hal. Biol, tpenm. 
Boll. Soc. ifed-.Chirvrg. 
Boll. UJf. Stcrz. Sperim. Ind. 
Es'cnzt. 


Annates de 1' Office nationale des Combustibles hquides. 

Annalen der Physih. 

Annales de Physique. 

Annali delU R. Stazione Cbimico Agraria Sperimentale di Roma. 
Annales du Secteur Platrne et des autres M6taux Precieux. 

Annals of Science. 

Annales scientifique3 de l’Universit6 de Jassy. 

Annales de la Soci6te Scientifique de Bruxelles. 

Apotheker-Zeitung. 

Arbetten der Biologisches Rnchanstalt fur Land- und Foratwirt- 
schaft. 

Arbeitspbysiologie. 

Arc hives de Biologic. 

Archiv. fur das Eisenhuttcnwrscn. 

Archiv fur cxpenmentcllo Patbologie Pharmakologie. 

Archivio di Farmacologia sperimentale e Scienzo affim. 

Archiv fur Gewerbepathologie und Gewerbchygiene. 

Archiv der Hygiene und Baktcriologic. 

Archives of Internal Medicine. 

Archives Internationales de Physiologie. 

Archivio dello Istituto Biochimico Itahano. 

Archiv fur Mikrobiologie. 
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Archiv. fur Pflanzenbau. 

Archiv der Pharmazie. 

Archiv fur Protistenkunde. 

Archives des Sciences physique ct naturelles 
Archief voor de Suikenndustrie in Ncdcrlandsch-Indie. 

Archiv fur Tierernahrung und Tierzucht. 

Archiv fur WarmervirtschafC. 

Arizona Agricultural Experiment Station Bulletin. 

Arkiv for Kemi, Mineralogi och Geologi. 

Astrophysics Journal. 

Atti della Reale Accademia Nazionale del Lrncei 
Atti della Reale Accademia dclle Scienze di Tormo. 

Australian Journal of Experimental Biology and Medicine. 

British Chemical Abstracts. B. — Applied Chemistry. 

British Patent. 

Berichte der cfeutschen chemischen Gesellschaft. 

Benchte der deatschen botamschen Gesellschaft. 

Benchte der Gesellschaft fur Kohlentcchnik. 

Benchte uber die Yerhandlungen der Sachsischen Akademie der 
Wissenschaften zu Leipzig. 

Benchte des Ukrsiaischea Wissenschafthehen Forschungsinstitots 
fur physikalische Chemie. 

Berhner klinische Wochensckrift. 

Biedermann’a Zentralblatt. 

Biedermann’s Zentralblatt (Tierernahrung). 

Biochemical Journal 
Biochemische Zeitschrift. 

Biochimia. 

Bodenkunde und Pflanzenernahrung. 

Boletin de la Academia Nacional de3 Ciencias, Cordoba. 

Bolctrn de la Sociedad Quimica del Peru. 

Bollettmo Chimico-Fannaceutico, 

Bolletmo della Sezione Itahana. 

Bollettmo della Society Geologica Italiana. 

Bolletino della Societa Itahana di Biologia spenmentalla. 

Bollettmo della Societa Medico Ckarurgica, Pavia. 

Bollettino Ufficiale della R. Stazione Sperimentale per ITndnstria 
delle Essenze e dei Derivati dagli Agrumi in Reggio Calabria. 
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Brass. Malt 

Brau- u. Malzind. 

Braunkolde 
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Brennstoff-Chem. 

Brewers' J 

Bril. Denial J. . . ... 

Brit. Guiana Dept. Agric. 

Bull. 

Brit. J. Exp. Path. . 

Brit. J. Phot 

Brit. J. Phys. Med. . 

Brit. Med. J 

Brit. Plastics 

Bui. Chirn 

Bui. Chim. Soc. Romdne 
Bui. Soc. Chim. Romania . 
Bui. Soc. Fiz. Romania . 

Bui. Soc. Romdne Stiin. 

Bull. Acad. Med. Roumanie 
Bull. Acad. Polonaise . 

Bull. Acad. roy. Belg. . 
Bull. Acad. Sci. Agra A 

Oudh 

Bull. Acad. Sci. Roumaine . 
Bull. Acad. Sci. U.R.S.S. . 

Bull. Agric. Chem. Soc. 

Japan 

Bull. Amcr. Ceram. Soc 
Bull. Assoc. Chim. Suer. 
Bull. Biol. Mid. exp. 

U.R.S.S 

Bull. Chem. Soc. Japan 
Bull. Dept. Agric. Kenya . 
Bull. Dept. Agric. South 

Africa 

Bull. Entomol. Res. . 

Bull. Forest Exp. Slat. 

Meguro 

Bull. Imp. Inst 

Bull. Inst. 3Iin. Met. 

Bull. Inst. Phys. Chem. Res. 
Japan. 

Bull. Inst. Pin .... 
Bull. Johns Hopkins Hosp. 
Bull. Mat. Grasses . 

Bull. Photogrammdlrie . 
Bull. Rubber Growers' Assoc. 
Bull. School Mines and Met., 
Univ. Missouri. 

Bull. Sci. Pharmacol. 

Bull. Sericult. Japan 

Bull. Soc. chim 

Bull. Soc. chim. Belg. 

Bull. Soc. Chim. biol. 

Bull. Soc. Chim. Yougoslav. 
Bull. Soc. d'Encour. . 

Bull. Soc. Frang. Min. . 
Bull. Soc. Franr.. Phot. . 

Bull. Soc. Ind. Mulhouse 
Bull. Soc. Sci. Hyg. aliment. 
Bull, U.S. Geol. Survey . 
Canada Dept. Mines Pull. . 


R. Stazione Sperimentale per l’lndnstria delle Pelli e delle materie 
concianti, Bollettino Ufficiale. 

Botanischcs Archiv. 

Botanical Gazette. 

Brasserie et Malterie. 

Brau- u. Malzindustrie. 

Braunkohle. 

Braunkolilenarchiv. 

Brcnnstoff-Chemie. 

Brewers' Journal. 

British Dental Journal. 

British Guiana Department of Agriculture Bulletin. 

British Journal of Experimental Pathology. 

British Journal of Photography. 

British Journal of Physical Medicine. 

British Medical Journal. 

British Plastics and Moulded Products Trader. 

Buletinul Chimie. ... i 

Buletinul de Chimie pura si aplicata al Societatii Romane de Chimie. 
Buletinul Societatii de Chimie din Romania. 

Buletinul Bilunar al Societatii de Fizica din Romania. 

Buletinul Societatii Romane de Stiinte. 

Bullotin de l’Academie de Medecine de Roumanie. 

Bulletin Internationale de 1’ Academic Polonaise des Sciences et des 
Lettres. 

Academie royale de Belgique — Bulletin de la Classe des Sciences. 

Bulletin of tho Academy of Sciences of Agra and Oudh. 

Bullotin de la Section Scientifique de l’Academie Roumaine. 
Bulletin do l’Acaddmie des Sciences de l’Union des Republiques 
Sovietiques Socialistes. 

Bulletin of the Agricultural Chemical Society of Japan. 

Bulletin of the American Ceramic Society. 

Bulletin de l’Association des Chimistes de Sucrcrie et do Distillerie. 

Bulletin de Biologie et Medecine experimentale de 1’U.R.S.S. 
Bulletin of the Chemical Society of Japan. 

Bulletin of the Department of Agriculture of Kenya. 

Bulletin of the Department of Agriculture of South Africa. 

Bulletin of Entomological Research. 

Bulletin of the Forest Experiment Station, Meguro, Tokyo. 

Bulletin of tho Imperial Institute. 

Bulletin of the Institution of Mining and Metallurgy. 

Bulletin of tho Institute of Physical and Chemical Research, Japan 
(Rikagaku Kenkyujo Iho). 

Bulletin de l’lnstitut du Pin. 

Bulletin of the Johns Hopkins Hospital. 

Bulletin des Matieres Grasses. 

Bulletin do Photogrammetrie. 

Bulletin of the Rubber Growers’ Association. 

Bulletin of tho School of Mines and Metallurgy, University of 
Missouri. 

Bulletin des Sciences Pharmacologiqucs. 

Bulletin of Sericulture and Silk Industry, Japan. 

Bulletin de la Societe chimique de France. 

Bulletin de la Societe chimique de Belgique. 

Bulletin de la Societe de Chimie biologique. 

Bulletin do la Societe Chimique du Royaume de Yougoslavie. 
Bulletin do la Societe d’ Encouragement pour l’lndustrie Nationale. 
Bullotin de ia Societe Fran9aise de Mineralogie. 

Bulletin de \Ia Societe Frongaiso de Photographic et de Cinemato- 
graph ie. 

Bullotin de la Societe Industrielle de Mulhouse. 

Bulletin do la Societe Scientifique d’Hygieno aliraentaire. 

Bulletin of tlie U.S. Geological Survey. 

Canada Department of Mines Publications. 
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Canad Chtm. Met. . 

Canad Dairy d- Ice Cream J. 

Canad. J. Res 

Caoutchouc et Gutta-Percha . 

Cellulosechem 

Cement and Lime jflanuf. ■ 

Cereal Chtm 

Chaleur et 2nd 

Chtm. Age 

Chtm App. ... 

Chtm. Eng Jftn Rev. . . 

Chtm. Erde 

Chtm Fabr. .... 
Chtm and 2nd. . 

Chem ltd 

Chtm Listy 

Chem Met Eng ■ • • 
Chtm. Soc Annual Rep. 

Chtm. Obzor. 

Chem. Social Agnc. . . 

Chem Trade J. ... 
Chtm. Weelblad .... 
Chem Zentr. . 

Chem -Ztg 

Cheshunt Agnc. Exp. Sta. 

Ann Rep 

Chtm e T 2nd 

Chim et 2nd 
Chinese Med J. . 

Chinese J. Physics 
Chinese J. Physiol . . . 

Coal Age . . 

Coal Carbonisation . . 

Coll. Czech. Chem Comm. . 

Coll Eng 

Coll. Guard 

Collegium . . . . 

Colorado Agnc. Exp. Sta. 

Bull 

Combustion 

Compt rend. . . . . 

Compt rend Acad. Agnc. 

France 

Compt rend. Acad. Sci. 

U R.SS 

Compt. rend Soc. Biol . 
Compt rend. Trav. Lab. 

Carltberg 

Contr Boyce Thompson Inst 
Cornell Vn tv. Agnc. Exp 

Sta Bull 

Current Sc i 

Cyprus Agnc. J. ... 

Dairy Ind 

Dansk Txdsshr. Fann. . 
Delamsre Agnc. Exp. Sta 

Bull 

Dept Chem. S. Australia, 

Bull 

Deut. tried. JJ'ocA. 

Deut. Zucltnnd . . . . 

East Mailing Res Sta., Ann 

Repts., etc 

Ecology 

Earn Proc. Roy. Dull. Soc. 
Empire Cotton Creating Rep 
Exp. Sta 


Canadian Chemistry and Process Industries. 

Canadian Chemistry and Metallurgy. 

Canadian Dairy and Ice Cream Journal 
Canadian Journal of Research. 

Le Caoutchouc et Ie Gutta-Percha. 

Cellulosechemie. 

Cement and Lime Manufacture. 

Cereal Chemistry. 

Chaleur et Industrie. 

Chemical Age. 

Chemische Apparatus 

Chemical Engineering and Mining Review. 

Chemie der Erde. 

Die Chemische Fabnk. 

Chemistry and Industry. 

Chemische Industrie. 

Chemicke Listy pro Vedn a Prutnysl Organ de la “ Ceska cbemicka 
Spoledaost pro Veda a Prumysl. ” 

Chemical and Metallurgical Engineering. 

Annual Reports on the Progress of Chemistry. 

Chemicky Obzor. 

Chemisation of Socialistic Agriculture (U.S S.R.). 

Chemical Trade Journal. 

Chemisch Weekblad. 

Cbemisches Zentralblatt. 

Chennker Zeitung 

Cheshunt Agricultural Experiment Station Annual Reports. 

La Chunica e ITndustrta. 

Chimie et Industrie. 

Chinese Medical Journal. 

Chinese Journal of Physics. 

Chinese Journal of Physiology. 

Coal Age 

Coal Carbonisation 

Collection of Czechoslovak Chemica Communications, 

Colliery Engineering. 

Colliery Guardian. 

Collegium. 

Colorado Agricultural Experiment Station Bulletin. 

Combustion. 

Comptes rendus bebdomadaires des Seances de 1' Academic des 
Sciences. 

Comptes rendns hebdomadaires des Seances de l’Academie 
d’Agn culture de France. 

Comptes rendns de 1' Academic des Sciences de l’U.R.S.S. 

Comptes rendus des Seances de la Societe de Biologie. 

Comptes rendns des Travaux dn Laboratoire Carlsberg. 
Contributions from B 0 yce Thompson Institute. 

Cornell University Agricultural Experiment Station Bulletin. 
Current Science. 

Cyprus Agricultural Journal. 

Dairy Industry. 

Dansk Tidssknft for Farmaci. 

Delaware Agricultural Experiment Station Bulletin. 

Department of Chemistry, South Australia, Bulletins. 

Deutsche medizinischo Wochenschnft. 

Die Deutsche Zuckerindustne. 

East Mailing Research Station, Annual Reports, etc. 

Ecology. 

Economic Proceedings of the Royal Dublin Society. 

Empire Cotton Growing Reports of the Experimental Station. 
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Empire Cotton Growing Rev. 
Empire J. Exp. Agric. . . 

Engineer 

Engineering 

Eng. and Min. J . 

Enzymoloyia 

Ergebn. Physiol 

Ernahrung 

Erndhr. Pjianze .... 

F.P 

Facts about Sugar . 

Farba u. Each . . . . 

Farben-Chem 

Farben-Ztg 

Farce og Lak . . . . 

Fermentforsch 

Fert. Feeding Stuffs J. . . 

Fette u. Seifen . . . . 

Feuerfest 

Feuerungstech 

Finska Kem. Medd. 


Flora 

Florida Agric. Exp 
Bull. . 

Food . 

Food Manuf. 

Food Res. 

Forstarchiv 
Foundry Trade J 
Fruit Prod. J. 

Fuel . 

Fuel Econ 
Fuel Econ 
G.P. . 


Sta. 


Rev. 


Exp. 


Kohle 


Exp. 


Gas Ind. 

Gas J. 

Gas Times 
Gas- u. Wasserfach 
Gas World 
Gazzella . 

Geol. Mag. 

Georgia Agric. 

Bull. . . 

Ges. Abh. Kennt. 

Glass Ind. 

GlasshiiUe 
Gliickauf . 

Qummi-Ztg. . 

Hawaii Agric. 

Bull. . . 

Hclv. Qhim. Acta 
Hilgardia 
Imp. Bur. Soil 
Comm. . 

Indian J. Agric. Sci. 
Indian J. Med. Res. 
Indian J. Physics 
Indian J. Vet. Sci. 
Indian Lac Res. Inst 
India-rubber J. 

Ind. Chem. 

Ind. Eng. Chem. 

Ind. Eng. Chem. [Anal, 
hit. Rev. Agric. 

Int. Sugar J. 

Iron Age . 

Iron Steel Inst 
Schol. Mem. 

J.C.S. . . 


Sci 


Sta. 


Slat. 


Tech. 


Bull. 


Carnegie 


Empire Cotton Growing Review. 

Empire Journal of Experimental Agriculture. 

Engineer. 

Engineering. • . 

Engineering and Mining Journal. 

Enzymologia. 

Ergebnisse der Physiologie. 

Die Ernahrung. 

Ernahrung der Pflanze. 

French Patent. 

Facts about Sugar. <■ 

Farbe und Lack. 

Farben-Chemiker. 

Farben-Zeitung. 

Farve og Lak. 

Fermentforschung. 

Fertiliser, Feeding Stuffs and Farm Supplies Journal. 

Fette und Seifen. 

Feuerfest. 

Feuerungstechnik. 

Finska Kemistsamfundets Meddelanden (Suomen Kemistiseuran 
Tiedonantoja). 

Flora. 

Florida Agricultural Experiment Station Bulletin. 

Food. 

Food Manufacture. 

Food Research. 

Forstarchiv. 

Foundry Trade Journal. 

Fruit Products Journal. 

Fuel in Science and Practice. 

Fuel Economist. 

Fuel Economy Review. 

German Patent. 

Gas Industry. 

Gas Journal. 

Gas Times. B 

Gas- und Wasserfach. 

Gas World. 

Gazzetta chimica italiana. 

Geological Magazine. 

Georgia Agricultural Experiment Station Bulletin. 

Gesammclte Abhandlungen dor Kenntnis der Kohle. 

Glass Industry. 

Die Glasshiitte. 

Gliickauf. 

Gummi-Zcitung. 

Hawaii Agricultural Experiment Station Bulletins. 

Helvetica Chimica Acta. 

Hilgardia. 

Imperial Bureau of Soil Science, Technical Communications. 

Indian Journal of Agricultural Science. 

Indian Journal of Medical Research. 

Indian Journal of Physics. 

Indian Journal of Veterinary Science. 

Indian Lac Research Institute Bulletin. 

India-rubber Journal. 

Industrial Chemist. 

Industrial and Engineering Chemistry. 

Industrial and Engineering Chemistry, Analytical Edition. 
International Review of Agriculture. 

International Sugar Journal. 

Iron Age. 

Iron and Steel Institute, Carnegie Scholarship Memoirs. 

J ournal of the Chemical Society. 
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Jahrb. gtol. . . Jahrbuch dor geoIogi*chen Reichsanstalt. 

Jahrb. J/iit. - • , . Neucs Jahrbuch fur Mineratogie, Geologie unci Palaeontologie. 

Jahrb. Sltn. Beil • Bd . _ . Neucs Jahrbuch fur Mineralogic, Geologie und Palaeontologie, 
Bcilage-Band. 

Jahrb. Radioallic. . , . Jahrbuch der RadioaLtmiat und Elekfronik. 

Jahrb. ini*, tfbf . JaAr6uc& fur wcssenscAaftAcfte Batsatk. 

Japan. J. Med. Sci. Japanese Journal of Medical Sciences. 

Japan. J. Physics . Japanese Journal of Physics. 

Japan Xiehl Her. . . . Japan A'lcAef Review. 

J. Ague. Chem. Soc Japan Journal of the Agricultural Chemical Society of Japan. 

J. Agric. Res. .... Journal of Agricultural Research. 

J. Agnc. Set. . . . Journal of Agricultural Science. 

J. Amer. Ceram. Soe , Journal of the American Ceramic Society. 

J. Amer.Chcm. Soc . . Journal of tho American Chemical Society. 

J. Amer. Leather Chem. 

Assoc. ... , Journal of the American Leather Chemists' Association, 

J. Amer. Med. Assoc , . Journal of the American Medical Association 

J. Amer. Pham. Assoc , Journal of tho American Pharmaceutical Association. 

J . Amer. Soc. Agron Journal of the American Society of Agronomy 

J . Amer. Sex ilech. Journal of the American Society of Mechanical Engineers. 

J . Amer. 11 ater Il'orIs 4 MOC _ Journal of tho American Water Works Association 
J. Appl. Chem. Russia , Journal of Applied Chemistry, Russia. 

J. Appl. Physics . . , Journal of Applied Physics (formerly Physics). 

J. Assoc. Off. Agnc. Cht m Journal of the Association of Official Agricultural Chemists. 

J. Austral. Inst. Agnc $ ctm j onma i 0 f the Australian Institute of Agricultural Science. 

» Journal of Bacteriology 

J. Btochcm. Japan . Journal of Biochemistry, Japan 

V Ohtm. . Journal of Biological Chemistry. 

J. Brit. Dairy 

Assoc . . . . Journal of the British Dairy Farmers' Association. 

J. Bnl It ood Pres As <oc Journal of the Bntish Wood Preserving Association. 

J.Canad Min Inst , Journal of the Canadian filming Institute. 

J. Cancer Res Comm Journal of tho Cancer Research Committee of the University of 
Sydney. 

Journal of Cellular and Comparative Physiology. 

Cehuloso Industry, Journal of tho Cellulose Institute Tokyo. 
Journal of Chemical Education 
Journal of Chemical Engineering, China. 

Journal of Chemical Industry, Russia. 

Journal of the Chemical, Metallurgical, and filming Society of South 
Africa 

Journal of Chemical Physics. 

Journal of the Chemical Society of Japan. (Nippon Kwagaku 
Kwai Shi ) 

Journal do Ciumic physique. 

Journal of tho Chinese Chemical Society. 

Journal of tho College of Agriculture, Hokkaido Imperial University, 
Japan 

Journal of the College of Agriculture, Imperial University of Tokyo, 
Japan 

Journal of the Collcgo of Engineering, Imperial University of 
Tokyo. 

Journal of tho College of Science, Imperial University of Tokyo. 
Journal of the Council of Scientific and Industrial Research of 
Australia 

Journal of Dairy Research. 

Journal of Dairy Science. 

Journal of the Department of Agriculture of tho Irish Free State. 
Journal of tho Department of Agriculture, Kyu s hu Imperial 
Unicom ty. 

Journal of tho Department of Agriculture, South Australia. 

Journal of tho Department of Agriculture, Victoria. 

Journal of the Department of Agriculture, Western Australia. 
Journal of Ecology. 

Journal of Economic Entomology. 

J ouroal of the Egyptian filcdical Association. 

Journal of tho Elcetrodcpo'itors Technical Society. 

Journal of Experimental Biology. 

Journal of Experimental Medicine. 

Journal of tho Franklin Institute. 


J. Cell. Comp Physiot , 

J Cellulose Inst. Tokyo . 

J Chem. Educ. . 

J Chem Eng. China 
J Chem. Ind. Russ 
, \ J Chem Met. Soc 8 Africa 

J Chem. rhysics 
J. Chem. Soc Japan 

J CAim phys. 

J Chinese Chem Soc 
J Coll. Agnc Ilokiaid 9 

J Coll Agnc. Tolyo 
J Coll Eng. T okyo . 

J . Coll. Sci. Tokyo . 

J. Covnc. Sci. Ind. , 
Australia. 

J Dairy Res. 

J, Dairy . 

J. Dept. Agric. I.F.S. 

J. Dept. Agric. Kyushu _ 

J. Dept. Agric. S. AustnR^ 
J. Dept. Agric. Victoria. 
J.Dept Agric. If. A vermin 
J Ecology .... 

J . Econ. Enlomol. 

J. Egypt. Med. Assoc. ’ 

J. EUctrodep. Tech. Soc. 

J. Erp. Bid . . 

J Erp. Mtd. , . * 

J. Franllin Inst. 
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J. Fuel Soc. Japan . . . 

J. Gen. Ghem. Russ. 

J. Gen. Physiol 

J. Geol 

J. Geol. Soc. Tokyo . . . 

J. Hygiene 

J. Indian Chem. Soc. 

J. Indian Inst. Sci. . ■ . 

J. Ind. Hyg 

J. Infect. Dis 

J. Inst. Brno 

J. Inst. Ekctr. Eng. . 

J. Inst. Fuel 

J. Inst. Metals .... 
J. Inst. Petroleum Tech. 

J. Inst. Sewage Purif. . 

J. Iron and Steel Inst. . 

J. Jap. Ceram. Assoc. . 

J. Landw 

J. Marine Biol. Assoc. . 

J. Med. Res 

J. Min. Agric 

J. Min. Agric. N. Ireland . 
J. New England Water 

Works Assoc 

J. Nutrition 

J. Oil Col. Ghem. Assoc. 

J. Opt. Soc. Amer. , 

J. Org. Chem 

J. Path. Bad 

J. Pharm. Chim. 

J. Pharm. Exp. Ther. . 

J. Pharm. Soc. Japan . 

J. Physical Chem. . 

J. Phys. Chem. Russ. 

J. Physiol 

J. Physiol. Path. gin. . 

J. Phys. Radium 

J. Pomology 

J. pr. Chem 

J • Proc. Asiatic Soc. Bengal 
J. Proc. Austral. Chem. Inst. 
J . Proc. Roy. Soc. New South 

Wales 

J. Res. Nat. Bur. Stand. 

J . Roy. Agric. Soc. . 

J ■ Roy. Horl. Soc. . 

J ■ Roy. Microscop. Soc. 

J. Roy. Soc. West Australia 
J. Roy. Tech. Coll. . 

J. Rubber Res 

J . Rubber Res. Inst. Malaya 
J. Sci. Hiroshima Univ. 

J. Sci. Instr 

J. Sci. Tech. India . 

J . Scot. Met. Soc. 

J. Soc. Arts . 

J.S.C.I 

J. Soc. Chem. Ind. Japan . 

J. Soc. Dyers and Col. . 

J. Soc. Glass Tech. . 

J- Soc. ( Leather Trades' 

Chem 

J. S. African Chem. Inst. . 
J. South-East. Agric. Coll. . 

J • State Med 

J • Text. Inst 

J. Univ. Bombay 


Journal of the Fuel Society of Japan. 

Journal of General Chemistry, Russia (formerly J. Russ. Phys. 
Chem. Soc.). 

Journal of General Physiology. 

Journal of Geology. 

Chishitsugaku Zasshi (Journal of the Geological Society of Tokyo). 
Journal of Hygiene. 

Journal of the Indian Chemical Society. 

Journal of the Indian Institute of Science. 

Journal of Industrial Hygiene and Toxicology. 

Journal of Infectious Diseases. 

Journal of the Institute of Brewing. 

Journal of the Institution of Electrical Engineers. 

Journal of the Institute of Fuel. 

Journal of the Institute of Metals. 

Journal of the Institution of Petroleum Technologists. 

Journal of the Institute of Sewage Purification. 

Journal of the Iron and Steel Institute. 

Journal of the Japanese Ceramic Association. 

Journal ftir Landwirtschaft. 

Journal of the Marine Biological Association of the United Kingdom. 
Journal of Medical Research. 

Journal of the Ministry of Agriculture. 

Journal of the Ministry of Agriculture of Northern Ireland. 

Journal of the New England Water Works Association. 

Journal of Nutrition. 

Journal of the Oil and Colour Chemists’ Association. 

Journal of the Optical Society of America. 

Journal of Organic Chemistry. 

Journal of Pathology and Bacteriology. 

Journal de Pharmacie et de Chimie. 

Journal of Pharmacology and Experimental Therapeutics. 

Journal of the Pharmaceutical Society of Japan. (Yakugakuzasshi.) 
Journal of Physical Chemistry. 

Shurnal Fizitsclieskoi Chimii. 

Journal of Physiology. 

Journal de Physiologic et de Pathologic generale. 

Journal de Physique ot le Radium. 

Journal of Pomology and Horticultural Science. 

Journal fiir praktische Chemie. 

Journal and Proceedings of the Asiatic Society of Bengal. 

Journal and Proceedings of the Australian Chemical Institute. 

Journal and Proceedings of the Royal Society of New South Wales. 
Journal of Research of the National Bureau of Standards. 

Journal of the Royal Agricultural Society. 

Journal of the Royal Horticultural Society. 

Journal of the Royal Microscopical Society. 

Journal of the Royal Society of West Australia. 

Journal of the Royal Technical College (Glasgow). 

Journal of Rubber Research. 

Journal of the Rubber Research Institute of Malaya. 

Journal of Science of the Hiroshima University. 

Journal of Scientific Instruments. 

Journal of Science and Technology, India. 

•Journal of the Scottish Meteorological Society. 

Journal of the Royal Society of Arts. 

Journal of the Society of Chemical Industry. 

Journal of the Society of Chemical Industry, Japan. (Kogyo 
Kwagaku Zasshi.) 

Journal of the Society of Dyers and Colourists. 

Journal of the Society of Glass Technology. 

Journal of the International Society of Leather Trades’ Chemists. 
Journal of the South African Chemical Institute. 

Journal of the South-Eastern Agricultural College, Wye, Kent, 
•Journal of State Medicine. 

Journal of the Textile Institute. 

Journal of the University of Bombay. 
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J. U sines Gaz . . • • 

J. Washington Acad. Sci. • 

J. West Scotland Iron Steel 

Inst 

Kali 

Kauischuk . • ■ 

K. Siensla Vet. Akad. 
Handl. ...... 

Kentucky Agric. Exp. Slat. 

Bull. 

Keram. Rundsch. 

Kolloid Beth. .... 
Kdlotd Shum . . . ■ 
Kolloid-Z . ... 

Kunststoffe 

hail 

Landw Jahrb 
Landw. Versuchs Stat. . 
London Shellac Res. Bur , 
Tech Paper . . . ■ 

Louisiana Planter . . . 

Malay. Agric J. 

Mass Agric. Exp Sta. Bull 
Matene Plasl .... 
Medd. K. V etinslapsalad. 
Nobel Inst .... 

Med. DoSuiad 

Mem. Accad. Ltncei . . . 

Mem. Aecad Sci. Torino . 
Mem Coll Agric Kyoto 
Mem Coll Sci. Kyoto . . 

Mem. Dept Agric. India . 
Mem. Inst. Chem Ukrain 
Acad Set 

Mem. Manchester Phil. Soc. 

Mim Poudres . . . 

Mlm Soc Ing Ctv France 


\ Metal Ind. . . . 

) Metal Progr 
' Metall u. Erz 
Metallges. Re t. . 

Metallurgy . . . 

Met. ds Alloys 
Metals Tech . 

Melrop. Water Bd Rep. 
Mich. Agric. Exp. Sta. Bui 

Mtkrochem 

Milch Forsch. 

Milch Zentr. . . . 

Milk Ind 

Milk Plant Month. . . 

Min Mag 

Min. <t- Met. . . . 

Missouri Agric. Exp. Sta 

Res. Bull 

Mitt. Kohlenforschungsinst. 

Prag 

Mitt. Lebensm. Ilyg. 

Milt. MaterialprUf. . 

Milt med Ges Tokyo . 
Mitt Path, Inst. K. Univ 

Mitt. Textilforsch. Krejeld 
Monalsh 


Journal des Usmes a Gaz. 

Journal of the Washington Academy of Sciences. 

Journal of the West of Scotland Iron and Steel Institute. 

Kali. 

Kautschuk. 

Kongliga Svenska Vetenskaps Akadcmiens Handlmgar. 

Kentucky Agricultural Experimental Station, Bulletin, 

Keramiach Rundschau. 

Kolloid Beihefte. 

Kolloidm Shumal. 

KoUoid-Zeitschnft. 

Kunststofle. 

Le Lait. 

The Lancet 

Landwirtschafthche Jahrbuchcr 

Die landwirtschafthchen Versuchs Stationen. 

London Shellac Research Bureau, Technical Paper. 

Louisiana Planter 
Malayan Agricultural Journal. 

Massachusetts Agricultural Experiment Station Bulletin. 

Matene Plastiche. 

Meddclandcn frSn Kongl-Vetcnskapsakadcmicns Nobel Institut. 
Medycyna Doswiadczalna 1 Spoleczna. 

Memorie della Reale Accademia Nazionalo dei Lmcei. 

Mcmorie della Realo Accadcmia delle Scienzo di Torino. 

Memoirs of the College of Agriculture, Kyoto Imperial University. 
Memoirs of tho College of Science, Kyoto Imperial University. 
Memoirs of tho Department of Agriculture in India 
Memoirs of the Instituto of Chemistry, Ukrainian Academy of 
Sciences 

Memoirs and Proceedings of the Manchester Literary and Philo* 
sophical Society. 

M£moml dea Poudres. 

Mfmoires et Compte rendu dcs Travaux de la Socidtc des Ingfnieurs 
Cinls do France. 

Metal Industry. 

Metal Progress. 

Metall und Erz. 

Metallgesellschaft Periodic Review. 

Metallurgy, 

Metals and Alloys. 

Metals Technology. 

Metropolitan Water Board Reports. 

Michigan Agricultural Experiment Station Bulletin. 

Mikrochemie. 

Milchttirtschafthches Forschungen. 

Milchwirtschafthches Zentralblatt. 

Milk Industry. 

Milk Plant Monthly. 

Mmeralogical Magazine and Journal of the Mincralogical Society. 
Mining and Metallurgy. 

Missouri Agricultural Experiment Station Research Bulletin. 

Mitteilungen des Kohlenforschungsinst iluts in Prag. 

Mitteilungen aus dem Gelnete dor Lebensmitteluntersuchungcn und 
Hygiene. 

Mitteilungen aus dem Matenalprufungsamt zu Gross-Lichterfclde 
West. 

Mitteilungen der medizmischcn Gesellsehaft zu Tokyo. 

Mitteilungen aus dem pathologischcn Institut der Kaisirbchen 
Umversitat zu Sendai, Japan 
Mitteilungen der Textilforschungsanstalt Krefeld e.V. 

Monatshefte fur Chemie und verwandte Teile anderer Wisscn* 
schaften. 
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Montana Agric. Exp, Sta. 

Bull 

'Month/ J. Inst. Metals . 

Month. Not. Boy. Aslr. Boo. 

Month. Rep. Dept. Agric. N. 

Ireland. 

MUhlenlab 

Munch, med. Woch. . 

Nachr. Bes. Wise. Gottingen 
Nat. Butler <Si Cheese J. 

Nat. Paint Far. Assoc. Circ. 

Nature 

Natuurwetensch. Tijds. . 

Naturwiss 

New Hamps. Agric. Exp. 

Sta. Bull 

New Jersey Agric. Exp. Sta. 

Bull 

New Phytol 

New York Agr. Expt. Sta. 


Bull New York State Agricultural Experiment Station Bulletins. 

New York ( Geneva ) Agric. 

Exp. Sta. Bull. . . . New York (Geneva) Agricultural Experiment Station Bulletin. 

New Zealand Dominion 

Laby. Kept New Zealand Do min ion Laboratory Reports. 

New Zealand J. Sci. Tech. . New Zealand Journal of Science and Technology. 

Nova Acta Soc. Sci. . . . Nova Acta Regiae Societatis Scientiarum Upsahensis. 

Nulr. Abs Nutrition Abstracts and Reviews. 

Ofvers. Finska Vet.-Soc. . Ofversigt af Finska Vetenskaps-Societetens Forhandlingar, 

Helsingfors. 

Oel it. Kohle Oel und Kohle. 

Off. Digest Official Digest of the Federation of Paint and Varnish Production 

Clubs. 

Ohio Agric. Exp. Sta. Bull. Ohio Agricultural Experiment Station Bulletin. 

Oil and Gas J Oil and Gas Journal. 

Oil and Soap .... Oil and Soap. 

Oklahoma Agric. Exp. Sta. 

, Bull Oklahoma Agricultural Experiment Station Bulletin. 

Oslerr. Chem.-Zlg. . . . Osterreichische Chemiker-Zeitung. 

Oversigt Danske Vid. Selsk. Oversigt over det Kongelige Danske Videnskabernes Selskabs 

Forhandlingar. 

Pacific Pulp and Paper Ind. Pacific Pulp and Paper Industry. 

Paint Manuf. .... Paint Manufacture. 

Paint, Oil, and Chem. Rev. Paint, Oil, and Chemical Review. 

Paint Tech Paint Technology. 

Paint and Far. Prod. Man. Paint and Varnish Production Manager. 

Paper Paper. 

Paper Ind Paper Industry. 

Paper-Maker .... Paper-Maker and British Paper Trade Journal. 

Paper Trade J Paper Trade Journal. 

Papier-Fabr Papier-Fabrikant. 

Pedology Pedology. 

Feint., Pig., Ver. . . . Peinture, Pigment, Vemis. 

Per/. <£• Essent. Oil Rec. . Perfumery and Essential Oil Record. 

Pctrole im Petroleum (German). 

Pfliiger’s Archiv .... Archiv fur die gesamte Physiologic des Menschen und der Tiere. 

Pharm. J Pharmaceutical Journal. 

Pharm. Weekblad . . . Pharmaceutisch Weekblad. 

Pharm. Ztg Pharmazeutische Zeitung. 

Pharm. Zentr Pharmazeutische Zentralhalle. 

Philippine Agric. . . . Philippine Agriculturist. 

Philippine J. Sci. . . . Philippine Journal of Science. 

Phil. Mag Philosophical Magazine (The London, Edinburgh, and Dublin). 

Pnu. Trans Philosophical Transactions of the Royal Society of London. 

Pnoi. Ind Photographische Industrie. 

“ o£ - «L Photographic Journal. 

Phol-Korr Photographische Korrespondenz. 

Physica Physica. 

Physical Rev Physical Review. 

Physics Physics (now Journal of Applied Physics). 


Montana Agricultural Experiment Station Bulletin. 

Monthly Journal of the Institute of Metals. 

Monthly Notices of the Royal Astronomical Society, London. 
Monthly Reports of the Department of Agriculture of Northern 
Ireland. ( 

Das Miihlenlaboratorium. 

Munchener medizinische Woohenschrift. 

Nachriohten von der Gesellschaft der Wissenschaften zu Gottingen. 
National Butter and Cheese Journal. 

National Paint, Varnish, and Lacquer Association, Inc., Circular. 
Nature. 

Natuurwetenschappelijk Tijdachrift. 

Die Naturwissenschaften. 

New Hampshire Agricultural Experiment Station Bulletin. 

New Jersey Agricultural Experiment Station Bulletin. 

New Phytologist. 
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Physihd. Z 

Physical. Z. Sox letumon 

Phytopath 

Phytopath, Z. . . • 

Plant Physiol. . . 

Planla {Z. mss Biol ) 

Blast. Mat st . 

Poultry Set 

Proc. Acad. Set Agra and 
Oudh ...... 

Proc. Amtr. Acad. Arts Set. 
Proc. Amtr. Gat Assoc . . 
Proc. Amtr. Phil. Soc . . 

Proc. Amtr. Physiol Soc. . 
Proc. Amtr. Soc. Btol Chem. 
Proc. Amtr. Soc. Civ. Eng . 
Proc. Amtr. Soc. Test Mat. 
Proc. Austral. Inst. Mm. 

Met 

Proc. Camb. Phil. Soc. . . 

Proc. Durham Phil Soc. 
Proc. Eng. Soc. IP. Pa. . 
Proc. Imp. Acad. Tokyo 
Proc. Indian Acad. Set. 
Proc. Inst. Civ Eng . . 

Proc. Inst. Mtch Eng. . . 

Proc. Internal. Cong. Soil 


Set 


Proc. Internal Soc. Soil Sci. 
Proc. K. A tad. Wetensch 
Amsterdam. 

Proc. Leningrad Dept. Inst. 

Fert. . . . 

Proc. Muslim Assoc. 


Proc. Bat. Acad. Set. 

Proc. Nota Scotian Inst. 
Proc. Phil Soc. Glasgow 
Proc. Physical Soc. . 

Proc. Physiol. Sol. . 

Proc. Roy Inst . . 

Proc. Roy. Irish Acad. 

Proc. Roy. Soc . . 

Proc. Roy. Soc. Edm 
Proc. Roy. Soc Med 
Proc. Roy Soc. Queensland 
Proc. Roy. Soc. Tasmania . 
Proc. Set. Assoc , Viziana- 


Untv. 


Proc. Soc. Exp Biol. Med. . 
Proc. S. Wales Inst. Eng. . 
Proc. Tech. Sect. Paper 
Makers' Assoc. . . 

Proc. V.S. Nat. Mus. . . 

Protoplasma 

Prztmysl Chem 

Pull. fac. Sci. 
Masaryk. 

Pulp and Paper Mag. 

CunaJa ... 

Quart Exp. Physiol. 
Quart * Geol. Soc . 

Quart. J Med. . . 

Quart. J. Pharin. 

Queensland J. Arjric. 

Rayon Text. Month. 

Rec. Australian Mus. 

Rec. tra t. bot. Netrland. 

Rec. trav. chim. , . 


Physikahsche Zeitschrifl. 

Physikahsche Zeitscbnft der Sovictiraion. 

Phytopathology. 

Phytopathologische Zeitschnft. 

Plant Physiology. 

Planta (Zeitschrjft fur wis3enschaftliche Biologic). 

Plastitschekie Massi. 

Poultry Science. . 

Proceedings of the Academy of Sciences of the United Provinces of 
Agm and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. _ 

Proceedings of the American Philosophical Society. 

Proceedings of the American Physiological Society. 

Proceedings of the American Society of Biological Chemists. 
Proceedings of the American Society of Cml Engineers. 

Proceedings of the American Society for Testing Materials. 

Proceedings of the Australasian Institute of Mining and Metallurgy 
Proceedings of the Cambridge Philosophical Society. 

Proceedings of tho University of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of Western Pennsylvania. 
Proceedings of the Imperial Academy (Tokyo) 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institution of Civil Engineers. 

Proceedings of the Institution of Mechanical Engineers. 

Proceedings of the International Congress of Soil Science. 
Proceedings of the International Society of Soil Science. 
Konmklijke Akademie van Wetenschappen tc Amsterdam. Pro- 
ceedings (English version). 

Proceedings of the Leningrad Departmental Institute of Fertilisers. 
Proceedings of tho Muslim Association for the Advancement of 
Science. 

Proceedings of the National Academy of Sciences. 

Proceedings of the Nova Scotian Institute of Science. 

Proceedings of the Glasgow Philosophical Society. 

Proceedings of the Physical Society of London. 

Proceedings of tho Physiological Society. 

Proceedings of the Royal Institution of Great Britain. 

Proceedings of the Royal Irish Academy. 

Proceedings of tho Royal Society. 

Proceedings of the Royal Society of Edinburgh. 

Proceedings of the Royal Society of Medicine. 

Proceedings of tho Royal Society of Queensland. 

Proceedings of the Royal Society of Tasmania. 

Proceedings of the Science Association, Maharajah’s College, 
Vizianagram. 

Proceedings of the Society for Experimental Biology and Medicine. 
Proceedings of the South Wales Institute of Engineers. 

Proceedings of the Technical Section of the Paper Makers' Associa- 
tion of Great Britain and Ireland. 

Proceedings of the United States National Museum. 

Protoplasma. 

Przemysl Clieraiczny. 

Publications de la Facultc des Sciences de l’Umversite Masaryk 
(Spisy vydavan6 PrirodovMeckou Fucoultou Masarykovy 
University). 

Pulp and Paper Magazmo of Canada. 

Quarterly Journal of Experimental Physiology. 

Quarterly Journal of the Geological Society. 

Quarterly Journal of Medicine. 

Quarterly Journal of Pharmacy and Pharmacology. 

Queensland Journal of Agriculture. 

Rayon Textile Monthly. 

Records of tho Australian Museum. 

Rccucil des travaux botaruquea Neerlandaises. 

Keeucd des travaux chimiqucs dea Pays-Bas. 
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Refiner ...... 

Rend. Accad. Sci. Fis. Mai. 

Napoli 

Rend. 1st. Lomb. Sci. Lett. . 
Rensselaer Polyt. Inst. Bull. 
Rep. Aust. Assoc. Sci. . 

Rep. Brit. Assoc. 

Res. Stud. State Coll. Ifasft- 

ington 

Rev. Aluminium 
Rev. Chim. pura appl. . 

Rev. Fac. Quim. Ind. Agric. 
Rev. Gin. Mat. Col. . 

Rev. Met 

Rev. Mod. Physics. . 

Rev. Sci. Inslr 

Rocz. Chem 

Shorn. Trud. Uhrain. Chim. 
Inst. Odessa .... 

Science 

Sci. Agric 

Sci. and Cult 

Sci. el Ind 

Sci. Ind. Rep. Roure- 
Bertrand Fils .... 
Sci. Mem. Univ. Saratov 
Sci. Papers Inst. Phys. Chem. 

Res. Tokyo .... 
Sci. Proc. Roy. Dublin Soc. 
Sci. Quart. Nat. Univ. Peking 
Sci. Rep. Hiroshima Tech. 

Sch 

Sci. Rep. Tdhoku 
Sci. Rep. Tsing Hua Univ. 
Sci. Sect. Nat. Paint, Far. 
Assoc. Giro. 

Sci. Trans. Roy. Dubl. Soc. 

Scot. J. Agric 

Seifens.-Ztg. 

Sewage Works J. ... 
Sitzungsber. Alcad. W iss. 

Wien 

Sitzungsber. Heidelberger 

Akad. W iss 

Sitzungsber. Preuss. Akad. 

IFiss. Berlin .... 
Smithsonian Misc. Coll. 

Soap 

Soap Trade Rev. 

Soil Res 

Soil Sci 

Sparwirts 

Sprechsaal 

Staid u. Eisen .... 

Stain Tech 

Staz. sper. agr. ital. 

Steam Eng 

Sugar Bull 

Suomen Kem 

Superphosphal .... 
Superphosphate .... 
Svensk Kem. Tidskr. 
Tasmanian Agric. J. 

Tech. Mill. Krupp . 

Tech. Publ. Tin Res. Counc. 


Tech. Rep. T6hohi . . 


Refiner and Natural Gasoline Manufacturer. 

Rendiconto dell’ Accademia delle Scienze Fisiohe e Matematiche, 
Napoli. 

Rendiconti dell’ Reale Istituto Lombardo di Scienze e Lettere. 
Rensselaer Polytechnic Institute Buliotin. 

Report of tho Australian Association for the Advancement of 
Science. 

Report of the British Association for the Advancement of Science. 

Research Studies of the State College of Washington. 

Revue de 1’ Aluminium. 

Revista do Chimica pura e applicada, Orgao de Sociedade Portu- 
guesa de Quimica o Fisica. 

Revista de la Facultad de Qnimica Industrial y Agricola. 

Revue Generate des Matierea Colorantes. 

Revue de Metallurgie. 

Review of Modem Physics. 

Review of Scientific Instruments. 

Roczniki Chomji organ Polskiego Towarzystwa Chemicznego. 
Sbomik Trudov Ukrainskogo Nautschno-Issledova-Telskogo 
Chimitscheskogo Instituta Odessa. 

Science. 

Scientific Agriculture. 

Science and Culture. 

Science et Industrie. 

Scientific and Industrial Reports of Roure-Bertrand Fils. 

Scientific Memoirs of the University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research, 
Tokyo. 

Scientific Proceedings of the Royal Dublin Society. 

Science Quarterly of the National University of Peking. 

Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tohoku Imperial University. 

Soience Reports of the National Tsing Hua University. 

Scientific Section, National Paint, Varnish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scottish Journal of Agriculture. 

Seifensieder-Zeitung. 

Sewage Works Journal. 

Sitzungsberichte der Akademie der Wissenschaften, Wien. 

Sitzung8beriohte der Heidelberger Akademie der Wissensohaften. 
Sitzungsberichte der Preussischen Akademie der Wissenschaften zu 
Berlin. 

Smithsonian Miscellaneous Collection. 

Soap. 

Soap, Perfumery and Cosmetic Trade Review. 

Soil Research. 

Soil Science. 

Sparwirtschaft. 

Sprechsaal. 

Stahl und Eisen. 

Stain Technology. 

Stazioni sperimentali agrarie italiane. 

Steam Engineer. 

Sugar Bulletin, 

Suomen Kemistilehti Acta Chemica Fennica. 

Superphosphat. 

Superphosphate. 

Svensk Kemisb Tidskrift. 

Tasmanian Agricultural Journal. 

Technische Mitteilungen Krupp. 

Technical Publications of the International Tin Research and 
Development Council. 

Technology Reports of the Tohoku Imperial University, Sendai, 
Japan. 
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Tier u. Bitumen . . . 

Tekn. TtdsL 

Textilber. . . • • • 

Tide. Kjemi .... 
Tonind. Ztg. . ■ . 

Trans. Amer. Inst. Chem 

Eng. 

Trans. Amer. Inst Me tali 
Trans Amer. Inst Min 

Met. Eng 

Trans. Amer. Soc. Mech. 

Eng . .... 

Trans. Amer Soc. Met 
Trans. Ceram Soc . . 

Trans. Dokuchaiev Soil Inst 
Trans F.lectrochem Soc 
Trans. Faraday Soc. 

Trans. Inst. Mm Eng 
Trans Inst Mtn. Met. . 
Trans. Inst Plast Ind . 
Trans. Inst Rubber Ind 
Trans N. Eng Inst. Mtn 
Mech Eng. 

Trans. New Zealand Inst. 
Trans. Nova Scotia Inst. Set 
Trans. Opt. Soc. . 

Trans. Roy. Irish Acad 
Trans Roy. Soc. Canada 
Trans Roy. Soc. Edin. . 
Trans. Roy Soc S. Africa 
Trans Saratov Univ. . 

Trop Agnc. . . . 

Trop. Agrtc. (Trinidad) . 
Tseh. Mm Mitt. 

U.S. Bur. Mines, Bull., 
Tech. Papers, and Rept. 
Invest. 

U.S. Bur Plant Ind. 

U.S. Dept. Ague. Bull, (or 

Circ ) 

U S. Uyg. Labor. Bull. 

U.SJP 

U 8. Pttbl. Health Rep. . 
Utram. Biochem. J. . . 

Ukram. Chem J. 

Union S. A f next Dept. Agrie. 

Bulls 

Umv. Illinois Bull. . 

Utah Ague. Coll. Exp. Slat. 

Bull 

Tetfkroniek 

Verb. Qeol. Reichsanst. Wien 
Verh. Gts. deut. Nalurfortch. 
Aertze. 

Vermont Agric. Exp. Sla. 

Bull 

Vet. Rec 

Virginia (Blacksburg) Exp. 

Sta. Bull. ..... 
Ttrginuz Truck Exp. Sta. 

Bull 

IF«!M J. Agric 

» r i« Veroff. Siemens- 

rf«rle» 

O'ocA. Brail 

World's Paper Tr. Rev. . 

Z. anal. Chem 

Z. anorg. Chem 


Teer und Bitumen. 

Teknisk Tidsknft. 

Melliand Textdbenchte. 

Tidssfcrift for Kjemi og Bergresen. 

Tonindustne-Zeitung. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the American Institution of Metals. 

Transactions of the American Institute of Mining apd Metallurgical 
Engineers. 

Transactions of the American Society of Mechanical Engineers. 
Transactions of the American Society of Metals. 

Transactions of the Ceramic Society. 

Transactions of the Dokuchaiev Soil Institute. 

Transactions of the Electrochemical Society. 

Transactions of the Faraday Society. 

Transactions of the Institution of Mining Engineers- 
Transactions of the Institution of Mining and Metallurgy. 
Transactions of the Institute of the Plastics Industry- 
Transactions of the Institution of the Rubber Industry. 
Transactions of the North of England Institute of Mining and 
Mechanical Engineers. 

Transactions of the New Zealand Institute. 

Transactions of the Nova Scotia Institute of Science. 

Transactions of the Optical Society. 

Transactions of the Royal Irish Academy. 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edinburgh. 

Transactions of the Royal Society of South Africa. 

Transactions of the Saratov University (Gelehrte Notizen der 
Santoros Stoato UmtnifitV 
Tropical Agriculturist (Ceylon). 

Tropical Agriculture (Tnnidad) 

Mmeralogische und Petrographi3che Mitteilungen (Zeitschnft fur 
Knstallographie, Mineralogie, und Petrographie, Abteilung B). 
United States Bureau of Mines, Bulletins, Technical Papers, and 
Reports of Investigations. 

United States Bureau of Plant Industry. 

United States Department of Agriculture Bulletins (or Circulars). 
United States Hygienic Laboratory Bulletins. 

United States Patent. 

United States Public Health Reports. 

Ukrainian Biochemical Journal. 

Ukrainian Chemical Journal. 

Union of South Africa Department of Agriculture Bulletins. 
University of Illinois Ballet ms. 

Utah Agricultural College Experiment Station Bulletins. 
Verfkromek. 

Verhandlongcn der Geologischen Reichsanstalb in Wien. 
Verhandlnngen der Gesellschaft dentscher Natarforacher und 
Aertze, 

Vermont Agricultural Experiment Station Bulletin, 

Veterinary Record. 

Virginia (Blacksburg) Experiment Station Bulletin. 

Virginia Truck Experiment Station Bulletin. 

Welsh Journal of Agriculture. 

Wissemchafthche Verbffenthchungea aus den Siemens-Werken. 
Wochenschnft fur BrauercL. 

World’s Paper Trade Review. 

Zeitschnft fur analytische Chemie. 

Zeitschnft fur anorganische und allgem erne Chemie. 
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Z. Biol 

Z. dent. Geol. Ges. 

Z. Elektrochem 

Z. Fleisch- Milch-Hyg. . 

Z. ges. Brauw 

Z. ges. exp. Med. 

Z. ges. Naturwiss, 

Z. ges. S chi css- u. Sprang- 

stoffw 

Z.Hyg 

Z. Inslrumkde 

Z. Krist 

Z. Metallic 

Z. Parasitenk 

Z. Pflanz. Dung. 

Z. PJlanzenkr. PJlanzen- 
sckutz. 

Z. Physik 

Z. physilcal. Ohem. . 

Z. physilcal. chem. Vnterr. . 
Z. physiol. Chem. 

Z. pr. Geol 

Z. Spiritusind 

Z. Unlers. Lebensm. 

Z. Ver. dent. Ing. 

Z. Ver. deut. Zucker-Ind. . 

Z. Vitaminforsch. 

Z. Wirts. Zuckerind. 

Z. wiss. Biol 

Z. wiss. Mikrosk. 

Z. wiss. Phot 

Z. Zuchtung 

Z. Zuckerind. Czechoslov. . 

Zavod. Lab 

Zdlstoff n. Papier 

Zement 

Zenlr. Baht 

Zentr. M in 

Zenlr. Zuckerind. 


Zeitschrift fur Biologie. 

Zeitsclirift der deutschen Geologischen Gesellschaft. 

Zeitschrift fiir Elektrochemie. 

Zeitschrift fiir Fleisch- und Milch-Hygiene. 

Zeitschrift fiir das gesamte Brauwcsen. 

Zeitschrift fiir die gesamte experimentelle Medizin. 

Zeitschrift fur die gesamte Naturwissenschaft. 

Zeitschrift fiir das gesamte Schiess- und Sprengstoffwesen. 
Zeitschrift fiir Hygiene und Infektionskrankheiten. 

Zeitschrift fiir Instrumentenkunde. 

Zeitschrift fiir Kristallographie. 

Zeitschrift fiir Metallkunde. 

Zeitschrift fiir Parasitenkunde. 

Zeitschrift fiir 'Pflanzanernahrung, Diingung, und Bodenkunde 
(title now changed to Bodenkunde und Pflanzenerniihrung). 
Zeitschrift fiir Pflanzenkrankheiten (Pflanzenpathologie) und 
Pflanzenschutz. 

Zeitschrift fiir Physik. 

Zeitschrift fiir physikalische Chemie. 

Zeitschrift fiir den physikalischen und chemischen Unterricht. 
Hoppe-Seyler’s Zeitschrift fur physiologische Chemie. 

Zeitschrift fiir praktische Geologic. 

Zeitschrift fiir Spiritusindustrie. 

Zeitschrift fiir Untersuchung der Lebensmittel. 

Zeitschrift Vereins deutscher Ingenieure. 

Zeitschrift des Vereins der deutschen Zucker-Industrio (nou> 
changed to Z. Wirts. Zuckerind.). 

Zeitschrift fur Vitaminforschung. 

Zeitschrift dor Wirtschaftsgruppe Zuckerindustrie (Vereins dor 
deutschen Zucker-Industrie). 

Zeitschrift fiir ■wissensehaftlichc Biologie. 

Zeitschrift fiir wissenschaftliche Mikroskopie und mikroskopische 
Technik. 

Zeitschrift fiir wissensehaftlichc Photographie, Photophysik und 
Photochemie. 

Zeitschrift fiir Zuchtung. 

Zeitschrift fiir die Zuckerindustrie dor Oeehoslovakischen Republik. 
Zavodskaja Laboratorija. 

ZellstofE und Papier. 

Zement. 

Zentralblatt fiir Bakteriologie, Parasitenkunde und Infektionskrank- 
heiten. 

Zentralblatt fiir Mineralogie, Geologie und Paliiontologie. 
Zentralblatt fiir Zuckerindustrie. 
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B — continued. 


BLACK ASH . The crude sodium carbonate 
of the Leblanc process, manufactured by heating 
a mixture of saltcake, coal and limestone : 

(1) Na 2 S0 4 +2C=Na 2 S+2C0 2 

(2) Na 2 S+CaC0 3 =Na 2 C0 3 +CaS 
BLACK B, ( Cibanone Yellow R) v. Anthba- 

quinone Dyestuffs. 

BLACKBERRIES. The fruit of the 
common bramble {Rubus fruticosus) probably 
including several sub-species. Kulisch (Z. angew. 
Chem. 1894, 7, 148) gave the composition as : 


Reducing 

Water. Protein. Acids. Sugars. Sucrose. Ash. 
84-9 0-5 1-4 G-5 0-5 0-6 


American analyses, e.g. Munson, Tolman and 
Howard (U.S. Dept. Agric. Bur. Chem. Bull. 
1905, No. 66), indicate more watery fruit with 
somewhat lower sugar content. 

Average analyses of blackberry juice are 
given by Windisch and Schmidt (Z. Unters. 
Nahr.-Genussm. 1909, 17, 584) as : 


Sp.gr. 

Solids. 

Protein. 

Acids. 

1-038 

9-9 

0-34 

1-5 

Invert 

sugar. 

Sucrose. 

Tannin. 

Asik 

5*77 

0-21 

0-13 

0*42 


The ash constituents include: K a O 0'20, CaO 
0-089, MgO 0-053, P 2 O s 0-069% (Kulisch, l.c.). 
Th'e seeds yield an oil, reported by Krzizan 
(Rev. Fett.-Harz-Ind. 1908, 15, 7, 29) to show 
the following characteristics: sp.gr. 0-9256; 
saponification value 189-5 ; iodine value 147-8 ; 
Reicliert-Meissl value 0 ; Hehner number 96-3. 
The liquid fatty acids, amounting to 91% of the 
oil, include 80% linolicacid and 3%linolenic acid. 
The solid acid is chiefly palmitic. Small 
amounts (0-8%) of phytosterol are also present. 

Nelson (J. Amor. Chem. Soc. 1925, 47, 568) 
examined the acids of the fruit and reported 
more than 80% of these to be optically active 
iso-citric acid, the remainder comprising 1-malic 
and traces of oxalic, succinic, and citric acids. 
The pigment of the fruit was investigated by 
Vecchi (Chem. Zentr. 1914, [i], 1209). 

A. G. Po. 


BLACK BOY GUM v. Balsams. 

BLACK CHALK. A brownish-black to 
blue-black carbonaceous shale ; as a pigment it is 
inferior to the artificial carbon blacks. 

BLACK FLUX. The residue of carbon 
and alkali carbonates obtained by igniting 
Rochelle salt. 
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BLACK GREASE. The crude fatty acids 
obtained by acidifying the soap stock made 
from cotton seed oil foots; they are usually 
distilled and separated into “ olein,’" liquid, and 
“ stearin,” solid fraction. 

BLACK HAW. The dried bark of the root 
of Viburnum prunifolium, Linn., a shrub growing 
in the central and eastern United States. It 
contains a bitter principle, viburnin, fat, resin, 
and tannin . The extract is used in the treatment 
of asthma. 

BLACK HELLEBORE. Hellebore. The 
rhizome and roots of Ilelleborus niger L. (Fam. 
Ranunculacese), a herb cultivated in Eng- 
land and found wild in Central Europe. . It 
contains two crystalline glycosides, helleborin, 
m.p. 269°, C 2S H 3C O g (Keller, Arch. Pharm. 
1928, 266, 545) and hdleborein, but no alkaloids, 
and has strongly cathartic properties. White 
hellebore, Yeralrum album, and green hellebore, 
V. viride (Fam. Liliace*), contain alkaloids 
causing effects entirely distinct from those of 
II. niger. 

BLACKING. Blacking for shoes is men- 
tioned as early as 1598, but it was not intro- 
duced into England until the reign of Charles II. 
It consists essentially of a black colouring 
matter, wax and some medium enabling the 
wax to bo spread thinly over the leather. 

Originally the black pigment used was some 
form of charcoal, but, in practice, this has now 
been abandoned in favour of nigrosine dye as 
such or in the form of its stearate or oleate. 

The most satisfactory wax is, on the -whole, 
crude carnauba wax, though this works best in 
conjunction with softer waxes which by them- 
selves would not polish to a sufficient lustre. 
The admixture of other waxes also cheapens the 
product. The principal waxes employed are, 
in approximate order of hardness, carnauba 
wax, candelilla wax, shellac wax, crude montan 
wax, beeswax, ceresines, paraffins, japan wax 
and spermaceti. Synthetic substitutes for 
carnauba wax exist, but are mainly used for the 
light-coloured shoe creams, being too expensive 
for general use in the black preparations. The 
hard and soft waxes are usually mixed in about 
equal proportions, but blacking intended for use 
in hot countries contains more of the harder 
kinds, and the soft creams sold in tubes have 
a larger proportion of soft waxes. The total 
wax present amounts to about 25-30% of the 
| blacking. Paraffin is very largely used, and to 
j mixtures of this with a hard wax ozokerite is 
I 
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often added, since it promotes uniformity, 
preventing the haid sat separating out in 
lumps (Ivanovsky, Farbcn Chem. 1933, 4, 
85 ; Chem. Zentr 1933, I, 3860) Ozokerite 
tends to give soft pastes 
The wav is made into a paste either by the 
use of an organic sols ent or bv partial saponifica- 
tion. The oldest, and still the commonest, 
solvent is oil of turpentine, which should be 
genuine balsam turpentine, not wood turpentine 
or pine oil (Ivanovsky, Ic) \anous cheaper 
solvents have been proposed, usually of the : 
benzine or benzene types, and of these, lacquer 
benzine is the most important The essential 
qualities of the solv ent are that it should dissolve 
all the waves used and afterwards form a good 
emulsion, havo a narrow boiling range and 
evaporate quickly enough for the wax layer to 
lose its stickiness and be capable of polishing 
very soon after application, but not so quickly 
as to dry up in the container , also, it must not 
damage the leather Turpentine is generally 
supposed to be actually beneficial to the leather, 
and, on that account, when other solvents are 
used a small proportion of turpentine or of a 
similarly scented substance is often added fox 
purposes of sale Kuntzel and Malm (Seifens - 
Ztg 1935, 62, 535) earned out experiments 
to test the effect of turpentine and Borne of 
its substitutes on the life of leather subjected 
to bending, on its tensile strength, and on its 
porosity to on The results tended to confirm 
the superiority of turpentine owing to the fact 
that waxes dissolved in it tend to penetrate more 
deeply into the leather, whilst benzine and 
benzene tend to dissolve out the natural fat of 
the leather The beneficial effect of blacking is, 
however, mainly due to its action in keeping out 
water and the germs of decay 
The usual method of manufacture of this type 
of blacking is to melt the waves, beginning with 
that having the highest melting pom t and adding 
the others The temperature used should not 
be higher than is necessary for complete fusion, 
because otheru isc there is risk of decomposition 
of the wnves and of undue loss by evaporation 
when the solvent is added The mgrosine base 
(about 3% of the whole) is then dissolved in an 
equal quantity of stearic or oleic acid at 70°-80° 
and stirred in The source of heat w then 
removed and the solvent added, at a tempera- 
ture of 40°-50° m winter and less in summer 
To prevent the formation of lumps, the solvent 
must be added in small portions, stirring after 
each addition until the mixture is uniform 
To secure a uniform pioduit, strict attention 
must be paid to the constancy of w otking con- 
ditions, including the temperature at which the 
blacking is poured into the containers. 

A representative blacking of this ty pe has the 
follow mg composition : 

25 parts carnauba wax (fat giev). 

4 „ ccresine, oSMSQS 

b ,, paiafhn, 5ti°-52°. 

73 „ turpentine. 

1*3 „ oleine 

15 « mgrosme base. 

A higher proportion of wax may be used m the 
summer. 


The blacking is sometimes sold ill the form of 
sticks, which have the advantage of avoiding 
expensive packing and the use of a brush. 
Such products contain a larger proportion of 
wav, about 50% of the whole 

Luxury shoe creams aie made without 
paraffin 

Saponified blacking is cheaper, because water 
leplaces the organic solvent, but -as might be- 
expected, it 13 less lesistant to water and may 
actually wash off and cause staining. In its 
manufacture the wax is melted and partially 
saponified by the addition of concentrated 
potassium carbonate Caustic potash must not 
be used, as any excess remaining in the finished 
product would be very harmful to the leather. 
Sodium carbonate is less satisfactory, since it 
tends to crystallise out when the blacking is 
kept m the cold The potassium carbonate may, 
however, be partially replaced by borax, which 
has the advantage of helping to pievent decay. 
The more and waxes, such as japan wax and 
also rosin, are used to produce n soap, and the 
unsapomfiod portion remains suspended m the 
soap solution. Thorough stirring during manu- 
factuie is necessary both to scenic propel dis 
pcrsion and to prevent the mixture fiothingovci 
owing to the evolution of carbon dioxide. 
Instead of relying on the soap formed fiom the 
waxes, ready prcpaied soap is sometimes 
employed as an emulsifying agent. The coloui 
uig matter used is mgrosine, which is soluble in 
water, while its stearate is not. 

A typical saponified blacking is made up as 
follows • 

12 paits crude montan wax. 

0 „ carnauba residues. 

2 „ japan wax. 

3 „ potassium caibonate, 96-98%. 

77 „ watei. 

3 „ mgrosme. 

A little glvcuinc is often added to prevent the 
blacking di ving up, and a small propoition of 
formaldehyde, acetaldehyde, salicylic acid, oi 
bone acid may be incorpoiated as .1 fungicide. 

Mixed creams, being mixtures of the two 
types described above, cue elva marie, hut they 
do not appear to have any adv outage other than 
that of cheapness. 

BLACK-JACK. A miner's tarn for blende, 
or zinc sulphide {r Zu»c , Zinc blende) 

BLACK LEAD. Tho common name of 
plumbago or ginphite (r CcniiOJ.) 

BLACKLEY BLUE. \ tnphmlmi thuic 
dveotuff 

BLACK LIQUOR. Ferrous acetate (tv 
Acetic Acid). 

BLACK MUSTARD SEED OIL. The 

oil obtained from lirnsstca nigra {Sinajne nigra), 
has <i 15 0 916-0 920, saponification value 174, 
iodine value 96-110 Used 111 soap-making. 

BLACK POWDER. Ordm.11 y gunpowder, 
a mixture of potassium nitrate (saltpetre), 
sulphur and charcoal. 

BLACKSTRAP. The crudest molasses 
fiom sugar cane refining, foimeily considered 
useless, is the chief law material ior nearly 90% 
of the industtial alcohol picpaied in the United 
States. 
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BLANC DE FARD. Blanc d’Espagne ( v . 
Bismuth). 

BLANC DE PERLE. Pearl White. Basic 
bismuth chloride prepared by precipitating 
bismuth nitrate solution with dilute hydro- 
chloric acid. Used as a cosmetic. B.P.C. 

BLANC D'ESPAGNE. Basic bismuth 
chloride precipitated by mixing solutions of 
bismuth nitrate and sodium-chloride. Used as 
a cosmetic. 

BLANC FIXE. Precipitated barium 
sulphate, used in the manufacture of paints and 
colour lakes. 

BLANC PROCESS v. Aluminium. 

BLANKIT. Trade name for sodium hypo- 
sulphite, Na 2 S 2 0 4 , formerly termed sodium 
hydrosulphite. Bleaching agent. 

BLANQUETTE. A crude soda, less caustic 
than barilla, obtained at Aigues-Mortes by the 
incineration of Salsola kali. 

BLAST FURNACE v. Cabbon Monoxide. 

BLASTING GELATINE. This is one of 
the most powerful explosives used in industry. 
It consists of a translucent jelly composed of 
92 parts of nitroglycerin and 8 parts of nitro- 
cotton containing about 12% of nitrogen. It is 
prepared by mixing the nitroglycerin with the 
dry nitrocotton, allowing the mixture to stand 
for some hours and then incorporating in 
a McRoberts or Werner Perkins mixer at a 
temperature of 40-4o°C. The product is usually 
made up into cartridges by the use of a screw- 
filling machine. The gelatine is fed in through a 
hopper while the handle is turned, and the 
Archimedean screw then forces the material 
forward and out of the nozzle, the diameter of 
which corresponds with the core of the cart- 
ridge. 

After manufacture, blasting gelatine con- 
tinues to stiffen and if stored for any appreciable 
length of time tends to become less sensitive to 
detonation. It also shows a great tendency to 
exude "nitroglycerin and to freeze if stored at a 
low temperature. This latter drawback has 
been removed to a great extent by substituting 
a portion of the nitroglycerin by dinitroglycol. 

H. S. 

BLAU GAS. The employment of liquefied 
gases as motor fuel has been known for many 
years and particularly for fuelling airship 
engines. Blau gas has been found a very satis- 
factory material for this purpose. It is obtained 
by high temperature cracking of a mineral oil, 
e.g. Scottish shale oil or gas oil, at a temperature 
of about 700°C. The product is freed from 
carbon dioxide and sulphur derivatives and 
compressed to 10 atmospheres, when a small 
amount of liquid separates. The gas is then 
further compressed to 100 atmospheres and 
yields n liquid consisting of methane dissolved in 
ethane, butane, propane, pentano and the corre- 
sponding olefines. This liquid contains 40% 
of the olefines and. in consequence, with- 
stands very high compression ratios. Similar 
material is made from the lower hydrocarbons 
from petroleum, e.g. liquid propane containing a 
few per cent, of butane. This fuel has been 
used in the Graf Zeppelin. The term was 
originally applied to the gas discovered by Blau 
of Augsburg. A. E. D. 


BLEACHING. This term originally de- 
scribed the art of destroying the natural colour of 
vegetable and animal products without damag- 
ing them, but in practice the meaning of the 
term has been extended to include the whole 
process of purification in so far as this is chemical 
rather than mechanical in nature. The art 
acquires its greatest importance in connection 
with the textile fibres cotton, linen, wool and 
silk, and it is its application to these substances 
which will therefore be considered. Recent 
investigation has greatly increased our under- 
standing of the principles underlying the art, 
and it can now be described in a much more 
scientific manner than was formerly possible. 

Cotton. 

Cotton is a seed hair composed in the dry 
state of about 90% of cellulose , and 10% of 
substances which are regarded as impurities ; 
the exact composition varies with the species 
and other circumstances. In industrial practice 
the hairs collected from the cotton seeds are 
given a mechanical cleansing to remove sand, 
leaf fragments, etc. ; they are then drawn and 
spun into yarn, and finally, if desired, the yarn 
is woven or knitted into fabric. Bleaching is 
carried out as late as possible in the sequence of 
operations, for the reasons that the process is 
then cheaper, that cotton is more easily 
mechanically processed when unbleached, that 
processing after bleaching would inevitably 
soil the material, and that the bleaching can be 
more exactly adjusted to the purpose for which 
the goods are to be used. The greater cost of 
bleaching yarn as compared with cloth arises 
from the ease with which great lengths of cloth 
can be handled mechanically, and from the 
expense of the extra winding operations fre- 
quently required after bleaching yarn. Cotton 
is therefore bleached as woven cloth, and to a 
lesser extent as yarn ; it is bleached in the loose 
unspun condition for the manufacture of cellulose 
esters and for surgical purposes. 

A normal full bleaching process consists 
essentially of a steep to remove the starch added 
as size inweaving, an alkali boil (the kier boil or 
scour) to remove the bulk of the remaining 
impurities, a treatment with hypochlorite (the 
chemick) to destroy residual colouring matters, 
and an acid wash (the sour) to remove any 
remaining alkaline substances and to give a 
general cleansing. The properties of cellulose 
and of the non-cellulose constituents of cotton 
will be discussed with these processes in mind. 

1. Composition of grey cotton.— The 
impurities in raw or grey cotton comprise mineral 
substances, nitrogen compounds, waxes and 
colouring matters, as well as other substances of 
which little is known. The cellulose content 
can be determined only by weighing the residue 
after the removal of impurities. This method, 
however, lias given no precise results, as the more 
drastic the purifying method the greater is the 
loss of weight, and no definite end-point is 
reached by the most drastic methods that can 
safely be used. Column 2 of Table I gives the 
total losses in weight of various types of cotton 
when boiled with a 1% solution of sodium 
hydroxide at 20 lb. excess pressure, but the losses 
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are increased by about one-fifth if the con- 
centration of sodium hydroxide is raided to 3 0 o 
and the excess pressure to 40 lb Still more 
drastic conditions result in decomposition of the 
cellulose. It appear® however, that the 
unpanties amount in all to about 10° o of the dry 
grey fibre, vaiying around this value according 
to the tjpc of cotton. The composition of the 
impurities in these cottons, in so far as this is 
known, is gn en in the following table taken from 
the data of Fargher and Higginbotham 3 


Table I 

NOS CELLt LOSE MATERIAL IS COTTOX 


Cotton 

||i e 

11 



hi- 

Texas 

73 

1 1 

1 1 

0 5 

46 

Salsburv 1 

73 

1 3 

1 0 

OG 

4 4 

Tanguis 

69 

1 2 

09 

04 

4 4 

Sake! 

SI 

12 

17 

05 

4 7 

Broach 

0 I 

14 

10 

06 

.1 

Pima 

12 b 

15 

28 

15 

68 


i Delta 


Grey cotton contains also fragments of seed 
and leaf which have escaped the mechanical 
cleansing processes, and oil and dirt picked tip 
during spinning and treat mg Cloth contains, 
in addition, the size which has been added to the 
warp to enable it to withstand weaving, and this 
size consists mainly of starch, fats, and waxes 
2. Properties of cellulose.— Cellulose is 
slowly hydrolysed by the strong mineral acids 
yielding progressively simpler carbohydrates and 
finally glucose This progressive hydrolysis 
results in a steady fall m strength of the cotton 
hairs, and it is highly probable that the tensile 
strength of the fibre is dependent on the length 
of the chain molecules composmg it. The 
chemically and physically modified materials 
obtained in the early stages of this hydrolysis 
are called hydrocelluloses. The process can be 
followed by measurements of the viscosities of 
solutions of the material m cuprammomum 
hydroxide under standard conditions. Unde- 
graded cellulose yields solutions of very high 
viscosity, which, however, steadily decreases as 
hydrolysis proceeds. The viscosity is especially 
sensitive to the early stages or hydrolysis, and 
slight damage which could hardly be detected 
with certainty by a decrease in tensile strength, 
is readily revealed by the decreased viscosity. 
This measurement is the most general method 
of detecting and measuring slight degradation of 
cellulose, and has therefore become widely used 
in the control of bleaching operations. 

Pure cellulose has little or no reducing power 
and acid hydrolysis can he followed by the 
increasing amount of copper reduced by the 
hydrocellulose under standard conditions 
(the copper number). This also is a valuable 
measurement for the control of bleaching. 
Cellulose is .not readily attacked by alkalis 
except in the presence of air, when oxidation 
occurs. 


Oxidising agents attai k cellulose fairly easily, 
and their use in bleaching must therefore be 
carefully controlled. The chemically and 
physically modified materials obtained in the 
early stages of attack, are called oxj celluloses. 
Oxidising attack, like acid hydrolysis, results in a 
decreased viscosity and an increased copper 
number, and in general oxycelluloses are acidic. 
This acidity is measured most easily by the 
amount of the basic dye, methylene blue, 
adsorbed under standard conditions. Alkaline 
oxidising agents generally produce oxycelluloses 
of high acidity (methylene blue adsorption) 
and low reducing power (copper number), 
whilst acid oxidising agents yield substances of 
low acidity and high reducing power. 

Degradation of cellulose, whether by oxidation 
or by acid hydrolysis, results in diminished 
tensile strength, changed dyeing properties, 
modified response to finishing treatments, and a 
tendency to yellow during storage or heating; 
such degradation must therefore be avoided 
during bleaching. 

3 Properties of the non-cellulose con- 
stituents of cotton. — The presence of fats and 
waxes in cotton matcnals diminishes the wett- 
ability and affects the handle and the response to 
finishing treatments ; they are removed mainly 
to assist thorongh and even penetration during 
dicing and printing Both natural cotton wax 
and the fats and waxes used in sizing contain 
unrapomfiable as well as saponifiable sub- 
stances The latter arc readily hydrolysed by 
the alkali m scouring, but for the removal of the 
former reliance must be placed on emulsification. 

The greater part of the mineral Impurity is 
soluble in water, and practically the whole is 
removed by an acid wash. 

The nitrogenous substances are partially 
soluble m water and dilute acids, and are 
removed almost completely by a mild alkab boil 
or a chemick. 

Although pure cellulose has no reducing 
properties, grey cottons of the types chiefly used 
have copper numbers varying from 0-7 tip to 
about 3, and the methylene blue adsorption 
is also much higher than that of pure cellulose. 
The impurities of unknown composition must 
therefore include reducing and acidic substances. 
A wash with water diminishes the copper number 
to 0 3-1 0, but the methylene blue adsorption is 
little affected ; this suggests that the reducing 
and acidn. propert'es are possessed in the mam 
by different Substances. A mild alkali boil is 
sufficient to reduce the copper number to 
0 1, but a more thorough treatment is necessary 
before it becomes too small to detect with 
certainty. The methylene blue adsorption 
may be diminished to about half of its initial 
value by boding with water at 20 lb. excess 
pressure, and this is accompanied by some loss of 
weight. Progressive increases in the seventy 
of the scour, up to a boil with a 3% solution of 
caustic soda at 40 lb. excess pressure, result 
m progressively- lower values of the methylene 
blue adsorption and in progressively greater 
losses in weight. Boiling at higher temperatures 
results in decomposition of the cellulose. 
The continuous fall in methylene blue adsorption 
is some evidence that the progressive loss of 
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weight ia due to the dissolution of less resistant 
substances rather than to the decomposition of 
cellulose and the dissolution of the decom- 
position products. The methylene blue adsorp- 
tion may be diminished to 20% or less of its 
initial value, and the totalloss of weight increased 
to 9-15% depending on the type of cotton. 
Whether a part of the loss of weight is due 
to substances which arc neither reducing nor 
acidic is not known, but it is probable that no 
sharp line could be drawn between some of the 
more resistant impurities and cellulose itself. 
The impurities which are removed in the scour 
are less stable than pure cellulose and their 
removal results in a lessened tendency to yellow 
when goods are stored or heated. 

4. Cotton bleaching operations (hypo- 
chlorite bleach), (a) Singeing and Steeping . — 
The first treatment given by the bleacher after 
the receipt of woven goods is singeing. In 
this process the cloth, the pieces of which have 
been sewn end to end, are passed over red-hot 
copper plates or through rows of gas burners. 
The surface hairs are burnt off thereby from 
either one or both faces, and the cloth presents a 
smoother, less fluffy appearance. After singeing 
it generally passes into water, and is given a 
steeping process which aims primarily at the 
removal of the size. If water alone is used for 
steeping (rot steeping), it should be heated to 
35°-40° ; organisms naturally present in the 
water then multiply' rapidly’ and secrete starch 
liquefying enzymes, so that when the cloth 
is washed after a day’s treatment a large 
proportion of the starch and some part of the 
impurities natural to the cotton arc removed. 
The process is both faster and more thorough if 
an amylolytic enzyme is added to the water, 
but care must be taken to ensure the correct 
temperature and p a for the particular enzyme 
used. Under the most - favourable conditions 
the action of the enzymes is complete in about 
20 minutes, and with the aid of suitable 
apparatus the process may be made con- 
tinuous. An alternative procedure is to steep in 
warm 0-5-l-0% sulphuric or hydrochloric 
acid solution. This process is especially desirable 
if an ash-free fabric is required, and it has the 


further marked advantage of resulting in an 
improved white after a subsequent alkali boil. 
By a suitable choice of concentration and 
temperature it is possible to hydrolyse the 
starch sufficiently rapidly to make the process 
continuous. Yarn, being free from size, is not 
steeped, but it is sometimes gas singed. 

(i>) Scouring . — After washing subsequent 
to the steep the cloth passes to the kier boil or 
scour. This aims at removing all the impurities 
from the fabric and at so improving its colour 
that only very mild oxidising conditions are 
necessary in the cliemicking process. For a 
thorough bleach a caustic alkali must be 
employed, and in practice the choice lies between 
caustic soda and lime. When lime is used in- 
soluble lime soaps are formed from the saponifi- 
able fats, and this boil must be followed by a 
sour to liberate the free fatty' acids and a soda 
ash boil to dissolve them as sodium salts, with, of 
course, intermediate washes. The lime-soda 
ash process has the advantages over the caustic 
soda process that the chemicals are cheaper and 
that it produces a rather clearer and brighter 
white. On the other hand, the caustic soda 
process requires only' a single boil, and, moreover, 
residues of lime are undesirable in cloth for dye- 
ing or printing. The concentration of lime in 
the scouring liquor is limited by its small 
solubility, and in order that sufficient may be 
present for effective scouring the goods are 
impregnated with milk of lime during then- 
passage to the kier. Lime neutralised during 
the scour is then replaced by’ the dissolution of 
a further amount. 

During the boil the nitrogenous substances are 
removed readily, but a thorough treatment is 
necessary to diminish to minimum values the 
amounts of fat and wax and of reducing anil 
acidic substances. The efficiency' of the scour 
may therefore be assessed by measurements of 
fat and wax content, of copper number, of 
methydene blue adsorption, and of whiteness, as 
well ns of wettability, which is dependent on the 
wax content. The following table taken from 
the data of Fargher and Higginbotham 3 com- 
pares the results of various single boiling 
treatments. 


Table II. 

Comparison of Boiling Treatments with an American Cotton. 



— 

Properties of Scoured Cotton. 

Treatment. 

I 

Wax 

% 

Nitrogen 

O 

/O 

Copper 

number. 

Methylene 

blue 

adsorption. 

Untreated 

Water at 25° 

6 hours’ open boil : 

With 0-7% lime .... 

With 1-3% Na,CO, . . . 

With 1-0% NaOH . . . . 

C hours, 20 lb. pressure : 

With water 
•With 0-7% lime 

With 1-3% Na 2 CO, . . . 

With 1-0% NaOH .... 

2-4 

5-0 

5-1 

5- 2 

4-2 

0-1 

6- 6 

7-0 

0-49 

0-49 

0-40 

0-49 

0-36 

0-48 

0-28 

0-31 

0-20 

0-194 

0-127 

0-0S5 

0-03 

1-15 

0-34 

0-08 

0-08 

0-03 

0-17 

0-09 

0-07 

0-01 

■ M 
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During the boil alkali is neutralised, both in 
saponifying fats and m combining with acidic 
impurities or decomposition products, and 
sufficient caustic must be taken to ensure an 
excess at the end of the boil Soaps, pine oil, 
and many propnetoiy substances aic recoin- 
mended lor addition to the kier liquor to assist 
thorough penetration of the material and emulst 
Ecation of unsapomfiable waxes, and these are 
used to some extent. In many processes two or 
more bods are given, and it is then usual to 
insert between bods not only a wash but also a 
sour and sometimes a eheraick. The second and 
Any subsequent bods are often milder than the 
first, the caustic being replaced by soda ash or 
even by soap, 01 the bod conducted at atmo- 
spheric pressure If air is allowed access to 
material wet with alkali, oxidation occurs, 
and it is therefore essential to keep the cotton 
entirely below the surface of the liquor 

(c) Chemickmg — The purpose of chemickmg is 
to destroy the natural colouring matters which 
are always present in raw cotton and which are 
only partially removed by the previous processes 
It consists of a treatment in the cold with either 
calcium orsodium hypochlorite. This treatment 
involves unavoidably some oxidation of the 
cellulose, and this oxidation must be kept at a 
minimum by careful control of the operation 
It is for this reason that as good a white as 
possible should be obtained in the scour, in 
order that the chemickmg treatment may be 
light. 

Successful chemickmg depends on the control 
of the p B of the liquor Commercial solutions 
of hypochlorites contain free caustic alkali, as 
do also extracts of bleaching powder, and after 
suitable dilution the p B is generally about 11 
The oxidation of impure cellulose results in the 
dissolution of acidic organic substances and m 
the reduction of strongly alkaline sodium 
hypochlorite to neutral sodium chloride; the 
Pa therefore falls If the p H becomes too low 
the rate of attack of cellulose is increased ; it is 
much greater at p B 7 than at pj, 11, and if the 
chemiek becomes approximately neutral serious 
damage may be- done to the material. In this 
respect sodium hypochlorite has an advantage 
over calcium hypochlorite, as the p„ of the 
former can be buffered at a suitable value by 
the addition of Soda ash. Calcium hypo 
chlorite cannot be buffered m this way, and, 
moreover, generally contains less free alkali on 
account of the small solubility of calcium 
hydroxide. Attack of cellulose is faster also at 
higher temperatures and at higher concentra- 
tions of hypochlorite. The correct initial 
concentration depends on the thoroughness of 
the preceding scour and on the ratio of chemick 
liquor to cotton, and it should be chosen so that 
only a small excess is left at the end of the 
operation. The impurities are much more 
rapidly attacked than is the cellulose ; when the 
initial concentration is suitable it rapidly falls 
to a low value, and the cotton can then be 
safely left for some hours to ensure completion 
of the process. 

5. Cotton bleaching plant, {a) The Kier.— 
Cotton scouring is conducted in large iron boilers 
or kiers, the usual capacity of which is 1-1 tons 


of cotton ; the form depends on the structure of 
the cotton material and on whether the scour is 
to be under pressure or open. The important 
features are the means of maintaining the 
correct temperature and of securing relative 
movement between the liquor and the cotton 
and thus adequate treatment of aff parts of 
the latter. Heating by steam, eithei open or 
closed, and continuous movement of either 
hquor or material are universal. 

A simple form of kier is that illustrated in 
Fig 1 and made by Messrs. Jackson and 
Brother. 

It consists of an upright cylinder closed at 
the bottom, and provided with a filsc bottom 
and a vertnal pipe up the centre. The cotton 
w piled on tin* f.iNe bottom mul covered with 



liquor Live steam is then blown in through 
the pipe at the bottom and forces the liquor 
up through the central (or puffer) pipe and on 
to the top of the cotton ; even distribution 
is assisted by a spreader. The liquo* percolates 
through the cotton and returns to the space 
below the false bottom. The steam is liable to 
lift the charge of cotton and to keep this below 
the surface of the liquor and out of contact 
with the air it is held down by chains secured 
to the wall of the kier. This form of kier is 
suitable for mild scouring processes. 

In kiers for scouring under pressure it is more 
usual to circulate the liquor through the kier 
and through an external heater by means *of a 
pump, and the heater is supplied with closed 
steam A kier of this tv pe, made by Messrs 
Mather and Platt, is illustrated in Fig. 2. 
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When live steam is used the liquor js con- 
tinuously diluted by its condensation, and the 
original charge. must be small and concentrated. 
Closed steam has the disadvantage that the 
heating up of the kier is slow, and kiers are 
in use which aim at combining the advan- 
tages of these two forms of heating. Advan- 
tages are claimed also for devices which auto- 
matically supply liquor intermittently instead 
of continuously to the top of the kier. In 
Gebauer’s kier the liquor is fed into a narrow 
annular space between the outer wall of the kier 
and an inner perforated cylinder, and the 
circulation is horizontal from this annular space, 
through the cotton, and into a central perforated 
pipe. 

In filling these kiers, yam, in whatever form 
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it may be, is parked in by hand and carefully 
trodden to a uniform density, so that liquor 
penetration will be thorough. Cloth is fed in 
as a continuous rope of pieces sewn end to end, 
and also must be carefully packed. A machine 
for piling cloth is illustrated in Fig. 3, the cloth 
being fed in at the top of the apparatus and 
emerging at the bottom. The lower end of the 
tube is given a mechanical motion such that the 
cloth is pjled uniformly over the cross-section of 
the kier. 

The wagon kier, Figs. 4 and 5, is horizontal, 
and the goods are packed into two trucks CC, 
which run into the kier on rails. The kier is then 
closed with the hinged door A, the wagons 
are each divided into two compartments by 
central perforated partitions, the liquor is 


circulated by the centrifugal pump B, and 
passes through the perforated partitions and 
horizontally through the cloth. Two pairs of 
trucks are provided, and the second pair can be 
run in with a further load of material as soon 
as the first pair is run out. The long time 
usually required to empty and refill a kier is 
saved, and operation is almost continuous. 



Fig. 3. 


Many cloths cannot be bleached in rope form 
without developing fold marks or other faults 
which cannot be removed subsequently. They 
must therefore be boiled in open width in kiers 
designed for this purpose. The commonest 
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of such kiers is the Jackson kier, illustrated in 
Fig. 6. 

The cloth is impregnated with the alkali 
and batched up on one of two rollers on a 
special frame which is run into the kier ; 
the latter is then closed and filled with caustic. 
The ends of the rollers engage with winding 
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piled down for several hours to complete the 
chemicking process. When chemicking and sour- 
ing are done in this way the cloth is sometimes 
steeped in the continuous piler illustrated in 
Fig. 9. 

The cloth is fed in through the top and fills 
the apparatus. The bottom consists of a series 
of rollers ; these facilitate the passage of the 
cloth, which finally emerges at the lower end. 
The capacity of the apparatus is such that each 
element of cloth remains in it for about 20 
minutes. One such passage is sufficient for 
souring, but two machines in tandem are 
generally used for chemicking. 
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Cloth in open width may be handled in several 
ways. One form of plant, made by Messrs. 
Jackson and Brother, is illustrated in Fig. 10. 



In its passage between two batch rollers, one of 
which is seen in the illustration, the cloth 
passes round the upper rollers, and is sprayed 
with ehemiek supplied through perforated pipes 
at the top of the apparatus. The ehemiek and 



Fig. 10. 

acid are stored in separate wells below the floor 
level. ' 

Alternatively the ehemiek is contained in one 
or more tanks, and the cloth is guided through 
it by several pairs of rollers, one of each pair 


being deeply immersed in the liquor and the 
other near to or above the surface. Each 
tank is provided with a few pairs of rollers and 
with a mangle through which the cloth passes 
when it leaves the tank. After passage through 
the machine the cloth is folded or rolled and left 
for several hours or overnight ; it is then washed, 
soured, and washed in similar apparatus. 

Yarn packages such as cops are usually 
treated in the percolating type of apparatus, and 
for this purpose they are often packed in 
bags before piling on to the false bottom. 
Machines are also available in which each 
package is placed on a hollow perforated skewer 
| forming part of the apparatus. The ehemiek is 
pumped through the packages, either entering 
or leaving them through the skewers, and in this 
way thorough penetration is ensured. 

(c) Continuous Systems .— The types of plant 
so far described for scouring- and chemicking 
are designed for essentially batch processes. 
A number of continuous processes for the 
bleaching of cotton have been described and are 
probably in use to a limited extent. In all such 
processes the treatments, especially the scour, 
must necessarily be much briefer than in the 
normal batch processes, and it is therefore 
unlikely that the cellulose can be so thoroughly 
purified. When thorough scouring is un- 
necessary continuous processing becomes more 
practicable, and a boiling process of this type 
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is used oil a considerable scale for cloth. The cloth 
is guide <• b\ rollers through a senes of tanks con 
taming the heated alkali, which may be caustic 
soda, soda a'h, or tnsodiura jihosjihate , the last 
named » not uncommon)) used in America 
6 General considerations m cotton 
bleaching.— Tlic bleaching treatment given t» 
cloth depends on the purpose for which it is to 
be used When doth is to tie marketed white 
and finished without the aid nf filling materials 
the desired handle w obtained solely by 
mechanical means A good resjionse to these 
mechanical fini-hm* treatments requires the 
utmost {itciitv i» the doth A good and per 
manent white also necessitates freedom from 
impurities and from oxy cellulose w hich may be 
produced during ehcnncking For such cloth 
the scour must therefore be thorough, both in 
order to secure the maximum removal of 
impurities and in order that o good w bite may be 
obtained with only a mild chemtcking process 
For this purpose the lime soda ash scour is 
often r’nferrcd «» rather rnoie brilliant whites 
arc obtained than aie possible by the caustic 
soda process Whet Ini lime or caustic soda is 
used the details of the process varv considerably 
from w orks to w orks Tj pienl conditions for the 
hme scour are boding the cloth for 6-12 hours at | 
20 lb excess pressure with 33-60 lb of lime, 
per ton of cloth, followed by a similar boil 
with about the same weight of soda ash some 
times a /tit the addition of rosin or other soaps 
When caustic soda is used the concentration 
of the liquor is 1— 2° 0 If sufficient purification 
Im- not been effect eel b\ the lime and soda ash 
boils the lattci may tie rojicitod, and a sour and 
often al»o a clienuck is inserted between the 
boils. The caustic soda boil also is often 
n petted a second time, and s chenuck and 
sour, n sour alone, or oulv a wash inserted 
between the hods The ntimhei of bods 
iiipiireil depends on t hen efficiency, and is 
increased if pit«Min kitrs .ire not available 
The present tiend is away from long processes 
including main successive treatments of the 
fsbitc, and towards the use nf a few efficient and 
carefullv controlled 0]>crations It will be clear 
from what Ins been said already that if the scour 
has not been sufficiently thorough it is unwise to 
attempt to get a good white by more severe] 
chemicking , a good w hite can indeed be ! 
obtained, but its permanence will be inferior 
owing to the formation of oxy cellulose 
When cloth is to bo used for calico printing 
the whiteness required depends somewhat on I 
the < hnracter of the punt , for pale and bright 
shades a good white is important. In all cloth 
for printing the white must be stable so that 
it will not yellow during the steaming to which | 
it will !>c subjected. Further requirements are' 
a high and uniform ad«orbencv and freedom 
from imparities which may act as mordants 
for certain classes of dyes which are used in, 
printing Thorough purification of the cloth by | 
an efficient scour followed by a carefully con- i 
trolled and mild chemuk is therefore demanded 1 
The bleaching treatment required by cloth 
for dyeing vanes more widely with the colour I 
to be u«ed, ns there is no uncovered white 
ground us in printing For dark ami dull 


shades uniform adsorbency is often all that is 
necc«sarv, and a mild scour with soap oi soda 
ach or with both «onji and soda ash may then 
suffice without a chemick. For pale and bright 
shades the requirements approach those for 
pnnting cloth 

In certain cases, for example, shirtings con- 
taining coloured stripes introduced during 
weaving, goods containing dyes have to be 
bleached It is then es-entiil to m Old damaging 
the colour or tiansfemng it from coloured to 
uncoloured paits of the gooth, Few dyes can 
withstand a boil with caustic soda ; soda ash, 
soda n«h and soap. or soap alone must therefore 
be ii-ed for scouring, according to the fastness of 
the dyes More dependence must then be placed 
on the chenuck to secure the desired degree of 
white The presence of dyes, however, 
necessitates special care in chemicking in 
ordei to avoid injuring the shades Careful 
control of the p H 18 paiticularly important, as 
many dyes which arc little affected by dilute 
hy pochlontcs at p H 11 are greatly changed in 
colour if the solution approaches neutiahty 

7. Peroxide bleaching of cotton. — In 
recent years there has been a consi jerable 
increase in the use of peroxides as oxidising 
agents in place of hypochlorites. This has been 
especially the case in Germany and in America, 
and this replacement has been facilitated by the 
manufacture of stable 100 volume hydrogen 
peroxide Tor teaching cotton this is diluted 
w ith the addition of a mild alkali such ns sodium 
metasilieate or sodium phosphate, hodnim 
peroxide is used in a similar manner, but it is 
dissolved in an equivalent amount of sulphuric 
acid or the Rolution in water is neutralised with 
sulphuric acid bifore the addition of the mild 
alkali The bleaching operation is carried out 
at or near the boll in an ordinary Uier The kier 
inu<t, however, first be lined with cement and 
sodium silicate or with a similar prenaiation, 
because m the presence of hcav v metals cotton 
is rapidly destroyed by hydrogen peroxide. 

\\ hen the sole bleaching treatment given to the 
cotton is a boil w ith peroxide and sodium silicate 
thetc is a considerable conservation of weight 
as compaied with a caustic soda or a lime soda 
ash bleach The goods are, however, less 
wettable and the white is poorer ; they can 
have, therefore, only a limited application. 
When the peroxide treatment is preceded by a 
pressure caustic soda boil the cost is greater and 
the advantage of a consenation of weight is 
lo«t , the goods can, how ev er, still be scoured 
and bleached in the same vessel, and this 
results in some economy of handling and in a 
fuller utilisation of the plant. 

Peroxide bleaching has a marked advantage 
for the bleaching of colouicd stripe goods. The 
vat dyes commonly used for these stripes are 
liable to bleed during an ordinary scour because 
they are reduced to the soluble leuco compounds 
by impure cellulose in the presence of alkali. 
Such bleeding is avoided when the scour and 
bleach arc combined by the addition of a 
peroxide to the kier liquor. The value of this 
procedure is one of the causes of the recent rapid 
progress of the peroxide method Where this 
process is used for coloured goods it is likely to be 
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extended also to whites in order to avoid the 
use of two separate processes, and this may be a 
reason for its extensive use for white bleaching in 
America. It is probable that hypochlorite 
bleaching is more efficiently carried out in the 
British cotton industry than elsewhere, and 
this fact, together with the high quality of the 
bleach demanded for a large proportion of the 
goods and the higher cost of peroxide as com- 
pared with hypochlorite, may be responsible 
for the comparatively infrequent use of peroxides 
in tliis country. 

Linen. 

Linen, like cotton, is composed essentially 
of cellulose. It is, however, a bast fibre com- 
prising about 75% of withered flax steins, and 
the various fibres in the stem hare first to be 
separated from one another and from the 
remainder of the stem by a process of retting. 
This usually involves bacterial action ; an 
alkali boil separates the fibres much more 
rapidly, but also removes natural wax and 
renders the flax more difficult to spin. When 
retting has proceeded far enough the fibres 
are separated by processes of beating ( scutching ) 
and combing (hackling), and are then ready for 
spinning. In this condition linen contains about 
30% of non-cellulosic material consisting of 
waxes, proteins, pectins, lignins and heini- 
celluloses. Green linen is thus much more 
impure than is grey cotton ; moreover, the fibres, 
unlike cotton hairs, have no cuticle, and this 
apparently renders them more liable to chemical 
attack. These factors condition the differences 
between the processes of bleaching linen and 
cotton, both of which aim at removing impurities 
from crude cellulose. 

Linen cannot withstand the high pressure 
caustic soda boils used for cotton ; the pressure 
is limited to 5-10 lb. and for yarn the alkali is 
restricted to sodium carbonate containing 10% 
of caustic soda. The whole of the impurities 
cannot be removed by one “ turn ” of the cycle — 
boil, chemick, sour — and for a full bleach at 
least three turns are required. The chemicking 
process in the first turn for linen yarn differs 
in essential particulars from cotton chemicking. 
The hanks are placed on square wooden reels 
over the tanks, so that their lower ends dip into 
the chemick. The reels are slowly revolved, the 
direction of rotation being automatically changed 
at regular intervals. The yarn is thus alternately 
exposed to the chemick and to atmospheric 
carbon dioxide, and the liquor tends to become 
less alkaline. Since cellulose is rapidly attacked 
by chemick when nearly neutral it is probable 
that this process is occasionally responsible for 
damage to the linen. It appears likely that one 
function of this reeling process is a chlorination of 
ligneous impurities, resulting in their dissolution 
in a subsequent alkali boil ; chlorination would 
be assisted by acidification of the chemick. 
Lunge proposes to acidify with acetic acid instead 
of with carbon dioxide, to avoid the precipitation 
of calcium carbonate. Reeling must be carefully 
conducted or the yarn becomes stayed (hairy) 
and is then difficult to wind. The process is not 
repeated a second time, subsequent chemickings 
being steeping 2 >roeesses. 


The grassing of linen, that is, its exposure to 
the weather in fields for several days, is still 
commonly practised, though its use is diminish- 
ing. This treatment is interposed between the 
boil and the chemick, but its function is not 
dear. 

The chemical control tests used for linen 
bleaching are somewhat different from those 
used for cotton. The viscosity test is not so 
easily carried out, as the large amount of 
insoluble impurities necessitates the filtration 
of the solution of linen in cuprammonium. 
For this reason the degree of chemical degrada- 
tion is frequently measured by the solubility in 
caustic soda at 15° under standard conditions. 
This measurement is easier than that of viscosity, 
but is stated to be less reliable. The quantity 
of non-cellulosic substances remaining is 
measured by the alkali solubility number, that 
is by the percentage dissolved by boiling 
caustic soda under standard conditions. Raw 
linen reduces alkaline copper solutions, and a 
high copper number may therefore be due to 
residual non-cellulosic substances, or to degrada- 
tion of the cellulose, or to both causes. 

Linen Yarn Bleaching. — Complete purifica- 
tion of linen results in a loss of weight of 25-30%, 
and many processes are therefore in use which 
aim at conserving a part of this weight whilst 
giving as good a quality of material as is then 
possible. 

For the highest quality of fabric the linen is 
boiled as yam and the bleaching is completed 
after weaving. In the boiling process soda ash 
containing 10% of caustic soda is used. The 
kiers are similar to low-pressure cotton kiers, 
and are operated at about 5 lb. excess pressure. 
After boiling, the yam is washed in the kier, 
and the loss of weight at this stage is 15-20%. 

The process of “ creaming ” aims at a minimum 
loss of weight. Yarn so treated is used for 
poorer qualities of cloth, and receives only a 
light bleach after weaving. The yam, after 
being boiled for an hour with about 5% of soda 
ash containing 10% of caustic soda, is washed 
and reeled, and the resultant loss of weight is 
about 10%. For intermediate qualities of 
cloth the yam bleaching process is carried 
further. For half, three-quarter and full whites 
the yarn after treatment as described above is 
reboiled in a weaker alkali solution (scalded) 
and re-chemicked by steeping. These processes 
may be repeated, and the desired whiteness 
is obtained by varying the severity of the treat- 
ments and the number of repetitions. For a 
full white the loss of weight is about 20%. 

■ Linen Cloth Bleaching. — When bleached as 
cloth, linen can be somewhat more drastically 
treated than is advisable for yarn, and for the 
first boil either lime or caustic soda is used. 
When lime is used it must be followed by a sour 
and a soda ash boil, as with cotton. Cloth is 
always cheraicked by a steeping process, and 
the plant used for boiling, chemicking, and 
souring is similar to that used for cotton. 

A full bleach for cloth woven from unboiled 
yam consists of the following sequence of 
operations : 

1. Low pressure lime or caustic soda boil. 

2. Sour. 
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3 One or two low pre-mre boils with caustic 
*ot la and re«m soap, noetic soda alone, or soda 

Gras* foi 2-7 d\v atcoidmg lo the weather 

5 ChemicL 

0 Sour . , , 

7. Low prc«ure boil with caurtu soda oi soda 
ash. 

9 Chcmich 

if ncce«sarj, the cloth a/a) then he rubbed 
between boards to remote undest roved brown 
particles of ligneous matter ispriti), and the 
operations of gracing chemicking and souring 
repeated The fabric is well washed between 
each chemical treatment 

hen the cloth has been woven from bleached 
jam the cloth bleaching processes aie reduced 
in number and ecventv according to the 
thoroughness of the jam bleaching process and 
the quabtv of cloth required 

The half bleaching processes so far considered 
consent weight at some sacrifice of the quality 
of the bnen A process patented in 1923 ‘ 
chums to reduce the loss of weight by half with- 
out ndver*elj affecting the stability of the 
white or the wearing qualities of the material. 
This is achieved bj removing thoroughly the 
waxc«, proteins, pectins and lignins by special 
processes, but leaving the hcmicelluloacs 
Oils, fats and waxes are removed by extraction 
with an organic solvent, and the goods are then 
scoured with lime or with a caustic alkali in 
the cold or at a temperature below the boiling- 
point Normal methods of chemicking are 
used. Processes of this tj pc arc now worked 
on o considerable scale, and the resulting 
material finds a wide application 

W oor 

In its natural condition wool contains a large 
proportion of foreign material, and this is 
generally removed by a scouring process before 
the mcchamrnl treatment of the fibre begins 
To facilitate the procc«aes leading to the 
conversion of the loose wool into jam the fibre 
is oiled, and jam which is not to be used for 
weaving is therefore frequently re scoured 
Cloth also needs to be rc-scourcd because it is 
gencrallj woven from un«courcd jams and the 
warp size has also to be removed. The final 
whitening or true bleaching process is carried 
but on the scoured J am or cloth 

The total amount of impurities in raw wool is 
verj variable, and figures ranging from 15% 
to b0% of the weight of the fleece aro given. 
These impurities consist partly of dirt, earth and 
vegetable matter, and partly of ijcJL, this 
last being material secreted by the animal. 
The amount of jolk vanes considemblj-, and it 
sometimes exceeds the weight of the purified 
fibre. This secretion is readily divided into 
two parts, namely, the portion which is soluble 
in water and u known as auiid, and the wool 
fat. 

Suint is dried wool perspiration, and consists 
in the mam of the potassium salts of a variety of 
aliphatic acids and of potassium carbonate. 

Wool fat is insoluble in water but soluble in 


most organic solv ents It consists of the 
cholesterol and isocholesterol esters of fattj 
acids, as w ell as of a certain proportion of the«e 
alcohols and acids m the free state. The melting, 
point is 4t) J -d5° ; it is saponified only with 
difficulty but is easily emulsified. 

Purified vv ool fibre consists clileflv of keratin, 
though apparently it contains also 1-2% of 
wool gelatin, soluble m hot Water. Keratin is a 
protein, and contains a small and variable 
percentage of sulphur. When heated with 
water wool becomes soft and piastre, and it h 
dissolved by boiling dilute caustic soda. Even 
sodium carbonate weakens the hairs and spoils 
their appearance unless it is cool and dilute, but 
weaker alkalis such as soap, ammonia and 
ammonium carbonate have no action at 
ordinary concentrations. Wool is comparatively 
resistant to acids. 

Loose- wool scouring. — The object of scour- 
ing loose wool is to remove the yolk, dirt, etc,, 
and so leav e the fibre ill a better condition for 
spinning and subsequent processes When wet, 
wool is ea=dy felted or matted, and on this 
account it must be kept as open as possible and 
mechanical handling must be limited in amount 
and suitable in character , frequent squeezing is 
not pci nnssible Wool fat cannot bo saponified 
bj any process that can bo applied to wool, and 
it is therefore removed cither by emulsification 
with weak alkalis such as soap or by solvent 
extraction -Much of the dirt is cemented to the 
fibre bj the wool grease and falls off when this is 
removed. 

Scouring with Soap . — Loose wool is usually 
scoured with warm soap solutions, which 
di«solve the auint and cmuKifj the wool fat. 
The sumt may, howcv cr, be removed previously 
by a warm water wash. This procedure has the 
advantage that the scouring liquor is less rapidly 
fouled, but it introduces an e\tra opeiation with 
its attendant costs The wool is washed m 
several portions of water operated on the 
counter current principle, or the water may be 
spraj cd on to the w ool supported on a travelling 
lattice. By evaporating the wash water and 
calcining tho residue, potassium carbonate, 
containing only a small proportion of the 
sodium salt, is obtained. The process has the 
furthci advantage that loose dirt is removed, and 
the formation of an emulsion m the soap solution 
is thereby facilitated. 

Scouring is performed in a senes of long 
rectangular vessels, termed w ash-bow Is, 30-40 ft. 
m length and holding up to 2,000 gallons of 
liquor. The essential features are a device for 
feeding in the wool, an inner tank with a 
false bottom or pci forated w alls to allow heavy 
dn t to escape, a sj stem of mechanically operated 
rakes to move the wool slowly along the bowl, 
and a pair of squeeze rollers at the exit end to 
express most of the dirty liquor from the wool. 
One such howl is illustiatcd - in Eig. 11- It 
consists of a rectangular trough A, with a light 
frame B suspended over jt by chains and 
carrying a senes of transverse, fixed, vertical 
rakes or comb9 C. The Wool, either in its 
raw condition or after steeping, is spread evenly 
on the moving endless apron or feeder I) : 
thus it is introduced continuously at one 
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end of the trough. By suitable mechanism the 
frame is lowered, and the wool is pressed at once 
beneath the surface of the scouring liquor by the 
perforated tray or sieve E. When the frame is 
lowered sufficiently it moves forward, the 
rakes carrying the wool gently towards the other 
end of the bowl. When the forward stroke 
is completed, the frame is lifted up, the rakes 
rise vertically out of the liquid, and the frame 


returns to its original position. By these 
successive movements the wool is passed 
slowly through the scouring liquor. At the 
delivery end it is carried up the inclined plane F 
by the rakes fixed on the small frame G, which 
is hinged to the larger one. Having been 
pushed over the ridge, the wool slips down 
between the squeezing rollers HH, ready to be 
passed through a second similar bowl. 



The working of the machine as t described 
above is suitable for Botany and other fine 
classes of wool. When washing low Cape, 
River Plate and similar wools, which contain 
much dirt and sand, an additional movement 
is given to the rakes while in the liquor. This 
is effected by having the rakes fixed in a second 
frame 00, which receives a slight backward and 
forward movement by means of the rod 0 and 
the cam K during the inward movement of the 
main frame BB, to which it is attached. By 
this means the wool is opened out slightly 
and agitated, and the sand and dirt fall through 
the perforated grating LL. When the scouring 
liquor becomes too much soiled for further use, 
the steam injectors MM are brought into action 
in order to stir up all the sediment, and the 
dirty liquor is run off by the plug hole N. Many 
modern machines are provided with means of 
discharging the dirt from the bottom con- 
tinuously. Generally three or more such bowls 
are placed in line so that the wool passes auto- 
matically from one to the other. 

The soap used in scouring must be soluble and 
have a high emulsifying power ; it should be 
free from on excess of either alkali or fat. 
Additions of soda ash are frequently made to the 
bath, but it is preferred to start with a neutral 
soap and to make any additions that may be 
necessary. Olive oil soaps are probably the 
best, but soaps from other oils and fats are also in 
use. The water should be soft. 

The compositions of the scouring liquors 
depend on the number of bowls, the quality of 
the wool, and the amount of impurities to be 
removed. If only three or four bowls are 
available the first may contain 0-5-l-0% soap 
solution. Generally soap alone is inadequate for 
efficient scouring and some sodium carbonate 
is added ; this increases the emulsifying power, 
but the emulsions formed are less stable. 
Most waters are more or less hard and earth dirt 
also tends to precipitate soap ; some addition of 
alkali is advisable on these accounts. The 
scouring temperature should not be above 60°, 


but it appears to be desirable that it should be as 
high as the melting-point of the wool fat, namely, 
40°-45°, and this is especially so when much fat 
is present. In general the finer the wool the 
lower shoidd be the temperature and the 
smaller the amount of sodium carbonate. The 
conditions should be as mild as is consistent with 
efficient scouring. Excessive scouring results 
in partial hydrolysis of the keratin, loss of 
sulphur, modified affinity for dyes and diminished 
strength. Probably there is always some Iosb 
of strength, but this should be kept at a 
minimum. Formaldehyde or other substances 
are added sometimes as protective agents. 
When five or six bowls are available and the 
wool has not been washed it may be preferable 
to have sodium carbonate only in the first 
bowl, as the presence of much dirt tends to 
break soap emulsions. 

In the later bowls the temperature is often 
lower than in the first, and the last bowl 
contains rinsing water at about 30°. Thorough 
washing is necessary as any alkali left in the 
wool results in yellowness. When more than 
one bowl contains soap and sodium carbonate 
these may be operated on the counter-current 
principle. 

Wool removed from the skin by liming, that is, 
slipe wool, always contains lime, and preferably 
it is washed with acid before scouring. If this is 
not done the precipitation of lime soaps may be 
avoided by the addition of sodium meta- 
phosphate to the scouring liquor, or by using 
only sodium carbonate and a little caustic 
soda in the first bowl. 

Saint Scouring of Wool . — It has been stated 
that suint consists chiefly of the potassium salts 
of aliphatic acids, and it may be used to replace 
soap in scouring. In this process at least four 
bowls are required. In the first two no soap or 
soda ash is used and the temperature is 60°. 
At this temperature the wool fat emulsifies, and 
about half of the fat is removed in the first 
bowl and a further quarter in the second. 
The third bowl contains a weak soap solution and 
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remotes the remainder of the fat, -whilst the | 
last bowl is a water rinse As far as possible 
the composition of the liquid in each bowl is kept I 
constant, and ■> continuous system is thetefore 
preferable to one in which the bowls are emptied 
and refilled periodically The liquor from the 
first bow? is purified and returned to the system 
Purification mat be effected bv centrifuging, 
but this is expense In another method 
sedimentation is assisted bv de aerating the 
liquid by exposing it to a xneuum, and an 
amount of aeid is then added w huh is insufficient 
to precipitate the whole of the organic acids 
The liquor is then neutralised before re 

As compared with wool scoured with soap and 
soda ash, wool scoured with sumt in a eon 
tinuous 8j stem is stated to be brighter and 
whiter, and to be more free, open and lofty 
The cleaning is more uniform and less attention 
is required, and there is an economy in 6oap and 
alkab 


Scouring II’oo? Kith Volatile Soli cuts — A 
number of systems arc available for removing 
the wool fat by extraction with a xolatilc 
organic sohent. Such proteges do not remoxe 
the sumt, and they are followed by a mild warm 
scour The wool fat anil suint are thus 
obtained separately, and the fat and potassium 
carbonate can be readily recox ered for sale. 
The adxantagcs of the system are stated to be 
that a higher weight of clean fibre is obtained, 
that no matting, felting or fibre breakage 
occurs, and that there is no danger of alkali 
damage. On the other hand, the plant is 
expensive, and when the sohent used is inflam- 
mable there is risk of fire. The process is 
used on a considerable scale in America, employ- 
ing light mineral oil, but is less used m 
England. 

Various types of apparatus have been 
designed for carrying out the process. Tn some 
forms of plant the extraction takes place in a 
centrifugal machine, and the residual solvent is 



driven out with water or is dried of! with an 
inert gas. Alternate c ly extraction takes place I 
in a senes of tanks operated on the counter- 1 
current pnnciple. Continuous systems have also 
been designed, in one of which the wool is 
earned through a succession of tanks between 
two endless bands of wire gauze 

If wool is extracted exhaustively with a 
solvent it becomes harsh, brittle and inelastic, 
but this can be avoided by giving it a final wash 
in a bath of solvent containing a small proportion 
of a suitable fat or oil 

Carbonisation of wool. — Scouring does not 
remo\ e entirely the \ egetable matter, consisting 
of bum, etc., accumulated by the living animal 
and present in the raw fleece If left in the 
wool bum cause trouble in spinning and weax mg 
and they arc not dy ed by many wool dyes and 
so may appear as light places in dy ed material. 
They are removed by the process known sa 
carbonisation, which consists m treating the 
wool with an acid o r an acid salt, drying, and 
heating. Acids hax c little effect on wool, but 
xegetnble matter is reduced to a friable pow 
der, which can be renioxed by washing or 
beating. 


The commonest caibonising agent is sulphuric 
acid ; it is convenient, cheap, and acts at a 
comparatively low temperature. The wool is 
impregnated with a 2-5° 0 solution at or near 
the bod. and squeezed or hydro extracted to 
remoxe the bulk of the liquoi The moist wool is 
then dried at CC'-TO', and heated for a short 
time at a higher temperature, but usually' not 
above 10o°. Sulphuric acid may be replaced by 
magnesium or aluminium chlorides, or by 
hydrogen chloride After carbonisation the 
vegetable matter is remaxed by beating or 
washing. It is advisable to remox e the acid bv 
a wash vith sodium carbonate, or the material 
may dye unex enly. 

Loose w ool is usually cat lionised after scouring. 
If carbonised before scouring the suint should be 
washed out or it will neutralise the acid. For 
i ery burry wool it is recommended to carbonise 
in the grease, as this acts as a protection to the 
"ool. Cloth may be impregnated and squeezed 
or centrifuged m the rope form, and then 
opened out for drying and heating, or it may be 
treated throughout in the open width 

Fig. 12 illustrates a machine made by 
afessis. William Whiteley and Sons for steeping 
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loose wool in acid, and its action is in many 
respects similar to that of a scouring machine. 
After steeping, the excess of acid is squeezed 
out by means of a mangle at the exit end of the 
machine, and the wool passes to the carbonising 
apparatus. This may consist of a single 
chamber, but frequently two - chambers" are 
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preferred. In the latter case the wool is dried in 
the first chamber, and in the second chamber it is 
heated to a higher temperature to carbonise the 
vegetable matter. Fig. 13 shows the con- 
struction of a machine made by Messrs. Petrie 
and MeNaught. 

The chamber is heated by a current of hot 
air, and the wool is fed on to the uppermost of a 
series of shelves, the end of one of which is shown 


in the illustration. Each shelf consists of alter- 
nate fixed and moving bars. The moving bars 
are raised between the fixed bars by the action 
of the machine, carry the wool forward a few 
inches, and then fall again to repeat the operation. 
The material is thus moved along each shelf in 
succession and leaves the chamber at the bottom. 

Woollen yarn 'scouring. — General^ yam 
is woven from scoured wool, but a further scour- 
ing is necessary before certain dyeing operations 
or before bleaching white, in order to remove the 
oil with which the wool has been impregnated 
by the spinner and the dirt and dust accumulated 
during the mechanical operations. The recent 
extension of the hosiery industry has increased 
the frequency of yarn scouring. The amount of 
oil to be removed is 2 - 5 % for worsted yarns and 
10-20% for woollens. The reagents used 
are the same as for loose wool, namely, soap 
with the addition of some sodium carbonate, 
but for worsteds soap alone is often used. 
The temperature should not be above 00°. 

Highly twisted yarn which is liable to curl is 
first given a permanent set by stretching the 
hanks tightly on a frame and clipping them for a 
few minutes in boiling water. The positions 
of the hanks on the frames are changed several 
times and the yarn redipped, and it is then 
allowed to cool in the stretched condition. 

Hanks of yarn may be scoured by hand or with 
the aid of machines. . In the first case they are 
hung on wooden rods so as to dip into the scour- 
ing liquor in a rectangular tank, and during 
15-20 minutes they are swayed to and fro and 
are occasionally turned round on the rods. They 
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are then washed in water in a similar manner. 
When machines are used the hanks may be. 
stretched between rods supported on the 
machine or moved on a travelling brattice, or 
they may be handled as a chain of hanks tied 
together with' string loops. A three-bowl 
machine of the brattice type, made by Messrs. 
Petrie and MeNaught, is shown in Fig. 14. 
The hanks are fed on to the brattice in the 
first bowl, and are sprayed with liquor from an 


overhead box. When the wool reaches the 
end of the bowl it is carried between two endless 
brattices beneath the liquor twice the length of 
the bowl, and then passes through a powerful 
mangle into the next bowl. 

1 or worsteds and for good class woollen yarns 
the oils used in spinning are of animal or vege- 
table origin with not more than a small pro- 
portion of mineral oil, but for yarns of poorer 
quality mineral oils are more freely used. 
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Tbe latter are not only unsapomfiable but are 
difficult to emulsify, and their removal from the 
wool has presented difficulties. Trotman and 
Homer 6 find that it is advantageous to add a 
small proportion of a saponifiable oil and to 
increase the viscosity of the scouring bath, 
they recommend the addition of sodium silicate 
Speahraan and Chamberlain 4 show that the 
chief cause of the difficulty is the high interfacial 
tension between mineral oil and water together 
with the strong adhesion of the oil to wool, 
which increases with the molecular weight of 
the oil. Efficient scouring requires the presence 
of 80% of olive oil or of 70% of oleic acid in 
the mineral oil mixture, but Speahman and 
Chamberlain find that a much smaller amount 
of a long chain aliphatic alcohol is sufficient, for 
example, 6% of oleyl alcohol Such alcohols 
remain dissolved m the oil during 6counng, and 
their hydroxyl groups greatly reduce the inter 
facial tension against water With such an 
addition mineral oils can be removed by 
ordinary scouring methods Sulphonated pro- 
ducts are less effective as additions to mineral 
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oil because they are removed from the oil 
by the scouring bath. A modem tendency is 
to avoid the difficulty by making wool oils self- 
scouring, for example, by Bulphonation. 

Woollen cloth scouring. — Cloth is usually 
woven from unscoured yam and requires 
scouring to remove the spinning 01 I 3 and the 
Size added to the warp for weaving. The 
usual components of sizes are starches, gums, 
fats and waxes. The scouring agent is soap 
or soda ash or mixtures of these. When dyed 
yams are present care must be taken to avoid 
Undue bleeding ; for some dyes sodium car- 
bonate ^ must be avoided and ammonia or 
ammonium carbonate is used. 

The cloth may be handled either in the Btrand 
or in the open width. For many woollen cloths 
the former is preferred, as scounng is then more 
efficient and a certain amount of felting takes 
place, which improves the handle. Worsteds 
and such woollens as are liable to crease are 
scoured in the open width A machine for 
this purpose is shown in Fig. 15. It consists of 
two squeezing rollers A and B, placed above the 
wooden trough C containing the scouring 
liquor. The roller D serves to draw the cloth 
from the squeezing rollers, and causes it to fall in 


regular folds upon the inclined plane EE. 
This is covered w ith corrugated zinc, the groo\ es 
of which run longitudinally, in order to reduce 
the friction of the cloth, and to prevent the 
latter from moving to either side. The upper 
part of the inclined plane 13 hinged at T, so that 
the inclination of tbi3 part can be regulated to 
suit different qualities of cloth, and to ensure 
that it alw aj s slips down in regular folds without 
any tendency to fall over or to become blocked. 
The perforated water pipes GG are for the 
purpose of washing the cloth after scouring. 

Wool bleaching. — Scoured wool has a pale 
jellow colour and the removal of this is the 
purpose of the bleaching proper. The required 
white is obtamed by the reducing action of 
sulphur dioxide either as gas (gas-bleaching or 
stovmg) or in solution {liquid bleaching), or by 
oxidation with peroxides. Alkaline hypo 
chlontes and chlorine are inapplicable, as they 
rapidly attack wool. 

Gus bleaching or Staling ^This consists of 
exposing the scoured and washed woollen 
material while still moist to the action of 
sulphur dioxide in a buck chamber Yarn or 
thick cloth is suspended on poles, the sulphui 
(6-8% of the weight of wool) contained in an 
iron pot is ignited, the chamber door closed, and 
the material is then left exposed to the action of 
the gas for 6-8 hours or even overnight. Thin 
cloth is generally passed in a continuous manner 
through a similar chamber provided with 
rollers above and below as shown m Fig. 16. 
The cloth in the open width enters through a 
narrow 6bt at one end of the chamber, passes 
in a zigzag course under and over the rollers to 
the further end, and then returns and passes 
out by the same sht. The sulphur dioxide may 
be produced in the stove itself, but it is prefer- 
able to produce it in a separate furnace and lead 
it into the stove. According to the appearance 
of the fabric it is passed through the chamber 
once or several times. 

It is difficult or impossible to remove the 
sulphur dioxide completely from w ool by a water 
wash, but this may be accomplished by a bath 
of potassium permanganate or of sodium 
peroxide. The white obtained by this process 
is not permanent but gradually deteriorates, 
especially when the w ool is washed with soap or 
other alkaline detergents. To counteract the 
gradual yellowing the goods are generally tinted 
blue or violet with suitable dyes. 

Liquid bleaching — In this process the material 
is immersed in a solution of Sulphurous acid, or 
of sodium bisulphite and sulphuric acid, or in a 
solution of sodium bisulphite followed by one of 
sulphuric acid. A recent patent * describes a 
modified process which uses partly neutralised 
sulphurous acid, the composition of the bath 
being SOj/NaOH=l/l-25-l-35. Such baths 
may be prepared by mixing sodium sulphite 
and sodium bisulphite, or by adding the 
requisite amount of an alkali such as sodium 
hydroxide, carbonate, borate, or phosphate to 
commercial bisulphite or metabisulphite. A 
suitable concentration of the bath is 2% of 
sulphur dioxide, and the p B is then stated to 
be 6 8. The wool is immersed in this solution 
either cold for periods up to 24 hours or more, or 
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at higher temperatures for shorter times, for 
example, 2 hours at 50°. The white obtained 
by this modified process is stated not to 
deteriorate when the goods are washed with 
alkaline detergents. 

Peroxide bleaching . — Bleaching with either 
hydrogen or sodium peroxide has recently 
increased greatly, and it is stated that most white 
cloth now receives some peroxide treatment. 
As in cotton bleaching the bath is made slightly 
alkaline, and the solutions and goods must be 
kept out of contact with heavy metals. Various 
alkalis such as ammonia and borax have been 


suggested, but the best are 'stated to be sodium 
metasilieate alone or sodium pyrophosphate 
together with oxalic acid or sodium oxalate. 
The temperature should be about 40°, but low- 
quality goods may require a higher tempera- 
ture. For the best white the wool should - be 
left acid, and peroxide bleaching is often 
followed by stoving or by a liquid sulphurous 
acid bleach. 

The white obtained by this process is better 
than that obtainable by stoving and is per- 
manent. The highest whites are, however, 
obtained only at some sacrifice of strength, 



and excessive bleaching results in a harsh 
handle. The process is used especially for high- 
claBS goods and for hosiery. 

Silk. 

Composition of Rav/ Silk. — Raw silk con- 
sists of a double filament of fibroin covered 
with a layer of silk gum ; the gum surrounds 
each of the filaments of fibroin and cements 
the two together. Silk gum consists chiefly of 
sericin, but contains also small amounts of fats, 
of mineral substances, and of yellow colouring 
matters, chiefly xanthophyll. Fibroin and sericin 
are both proteins, but they differ in their content 
of various amino-acids and in their physical 
properties. Neither is attacked by cold water, 
but when heated with water under pressure 
sericin is dissolved and fibroin also is attacked. 
They are hydrolysed much more readily by 
alkalis than by acids. Sericin is attacked more 
readily by alkalis than is fibroin, and swells and 
dissolves when heated with even such a mild 
alkali as a soap solution. 

Silk degumming. — Raw silk is harsh, stiff 
and lustreless, but when the external layer of 
gum is removed it becomes soft and lustrous 
and the dyeing properties are improved 
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! The substances to be removed include not only 
sericin, but also the natural fats and colouring 
I matters contained in the gum and any fats and 
tinting colours that may have been added by 
the throwster in preceding operations. Care 
must be taken that the fibroin filaments are not 
attacked, or the lustre and strength of the silk 
will be impaired. 

Generally silk is degummed as hanks of 
yarn. Degumming as cloth has the advantages 
that the gum protects the silk during the weaving 
process, and that dirt accumulated in this 
process is removed with the gum. It is adopted 
generally when silk is woven in conjunction 
with other fibres and for crepe de Chine. Broken 
or tangled filaments that are unsuitable for 
thrown silk are utilised by spinning, and for 
such material degumming may precede spinning. 

Much the most usual degumming agent Ts 
aqueous soap solution at or near the boil. The 
water used must be free from calcium or 
magnesium, and if either of these is present in 
the silk it should be washed with hydrochloric 
acid before degumming. The soap used must be 
soluble and free from excess alkali. Oleic- 
acid soaps are preferred, and it is stated that 
soaps of unsaturated fatty acids leave the silk 
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m a more lustrous condition than do those 
of the saturated fatty auds Potassium soaps 
are recommended m preference to sodium soaps, 
but they Lave the disadvantage of greater cost 
The p R of the soap degumming bath is important 
If it is above JU > the fibroin is weakened, 
whilst if it is below 10 0 degumming is too slow . 
During the operation the Pa falls, but the soap 
bath can be used for the treatment of further 
batches of silk if the p n is first ic adjusted by the 
addition of alkali. 

In carrying out the opei ation the silk hanks are 
hung on wooden rods in a 1— 2% soap solution 
This is heated with steam to the bod, and 
degumming should then be complete in one to 
two hours In some processes the silk is treated 
in a second oi even in a third bath The 
baths may then be « orked on the counter current 
principle, and the individual tieatments may bo 
shorter During the boil the banks are -moveii 
round on the tods a few times to ensure thorough 
treatment Great care is necessary m the 
mechanical handling of the silk as the filaments 
ore liable to become disintegrated in places to 
fine fibrils, and the small tangled masses of 
fibrils, known as tlocons, show as light spots m 
the dyed material The used soap solution, 
containing a large proportion of senern, is known 
as " boded off liquor ” It is v aluable as a 
restramcr to promote the level dyeing of sdk, 
because it forms stable emulsions in acid 
solutions When boding is finished the sdk is 
tv ashed in a very ddute solution of soda ash or 
of soda a»h and soap, and then in soft water, 
and finally it is brightened in ddute formic acid. 
Cloth is singed on both faces before degumming. 

Sdk which is resistant to degumming, either on 
account of the thickness of the layer of gum or 
because the filaments have been tightly twisted, 
may be sown in bags and given a further boil 
with soap, the so called “ white bod.” 

With the object of reducing the number of 
flocons by diminishing the movement of the 
sdk, this is sometimes placed m a box with a 
perforated bottom which is fixed over the 
boding soap bath. The silk is thus exposed 
only to the foam, and this method has the 
added advantage of economising soap. In 
another procedure the soap solution is sprayed 
over the silk. 

The cost of the soap used in degumming is 
considerable and many other alkalis, such as 
sodium hydroxide, carbonate, silicate or 
phosphate have been suggested as alternatives 
They are stated to have the disadvantages of 
being more liable to attack the fibroin and thu9 
spod the lustre, of removing the fats and waxes 
less completely, and of leaving the silk in an 
inferior condition Degumming can also be 
achieved with acids or with various enzyme 
preparations, but these are less effluent than 
soap and they do not remov c fatty substances. 

Silk bleaching. — The colouung matters of 
raw sdk are chiefly m the gum, and after 
complete degumming the fibre is nearly white 
Further bleaching is, however, necessarv if the 
sdk is to be marketed white or is to be dyed 
n pale shades. Bleaching may be effected by 
exposing the sdk while still moist to the fumes 
from burning sulphur as described for wool. 


but the use of peroxides is now preferred. 
Storing with sulphur has the same disadvantage 
as with wool, namely, that the white so obtained 
is not permanent. To compensate for tho 
gradual yellowing, silk bleached by this process 
i3 tinted in pale blue or violet shades. 

Bleaching baths of by drogen or sodium per 
oxide must be made slightly alkaline as for 
other fibres. For this purpose tho addition of 
ammonia, soap, sodium sdicate, or sodium 
silicate and soap is recommended. Hydrogen 
peroxide is diluted to about 2 volumes strength 
with the addition of the alkali, and, after adding 
the sdk, is heated to 50° ; treatment lasts for 
8-10 hours or overnight. Silk is sometimes 
stored befoie treatment with peroxides. 

Slightly acid perborate is stated to be a 
good bleaching agent, but to require careful 
control. 

The. ^•:<aa<ws. <&£ 

nung described above results in a loss of weight 
of 20-20% according to the type of silk, and 
the consumption of soap adds considerably to 
the cost of the bleached material Processes 
are therefore in use which aim either at con- 
serving weight or at economising soap, and the 
latter are used especially for inferior qualities 
of silk, for which expensiv e degumming processes 
would be less justified. 

(a) Spun Sill- and Waste Silk. — In degumming 
waste silk for subsequent spinning the soap is 
replaced, either partly or wholly, by soda ash. 
Thus waste silk as boiled with a soda ash solution 
(about 0 2%) for an hour, and, when light shades 
are to bo dyed, this treatment is followed by a 
boil w ith a relatn ely email amount of soap. 

(b) Souple Sill. — The term “aouple” is 
applied to silk which has been so treated as to 
soften the gum without removing the whole of it. 
The silk w soaped at -J0° for | hour, and the 
resultant loss of weight is only 5-10%. Sub- 
sequent bleaching is more difficult than after 
complete degumming, as the gum has to be 
bleached in addition to the fibroin. Sometimes, 
therefore, souple silk is given a preliminary 
bleach m v ery dilute aqua regia, or in a mixture 
of sulphurous and sulphuric acids. The bleached 
silk is soupled by boiling, for example, with a 
solution containing cream of tartar, sulphuric 
acid, and sulphurous acid, and it is then w ashed 
and dried. In addition to the conservation of 
weight this process has the advantage that the 
presence of gum facilitates subsequent w eighting. 

(c) £cru Silk. — This is raw sdk which has 
been washed with a tepid soap solution to 
remove dirt. Such silk is unsuitable for 
bleaching or for dyeing in colours, and can be 
used only undyed or dyed black. The loss ot 
weight is 2-3%, and even this loss is avoided 
if the silk is first treated with formaldehyde. 

(if) Tussah Silk. — Wild silks, snch as Tussah, 
are more strongly coloured and more resistant 
to degumming and bleaching treatments than 
are the cultivated varieties. More strongly 
alkaline baths are used for degumming, and 
Tussah silk generally 1 requires to be boiled in at 
Jea«t two baths of soda ash and soap. Even 
when completely degummed it is difficult to 
bleach, and it is used frequently m its natural 
shade. It cannot be bleached with sulphur 
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dioxide, and the best treatment is a boiling 
peroxide bath. 
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BLEACHING POWDER. A white 
powder prepared by the action of chlorine on 
slaked lime; the composition is expressed by 
the formula CaCl (0CI),H 2 0 (v. Bleaching). 

BLENAL. Trade name for eantalyl car- 
bonate. Inodorous, substitute for santalol. 

BLENDE, from Ger. Blenden, to dazzle. 
Native zinc sulphide. It usually contains iron, 
which gives it a black colour, whence the 
name Black Jack applied to it. An important 
ore of zinc. The sulphur it contains is occasion- 
allj' utilised in the manufacture of sulphuric acid. 
(For descriptions of burners for this purpose 
see J.S.C.I. 1884, 3, 631 ; 1885, 4, 54). 

BLEU CELESTE v. Blue Cerulean. 
BLEU DE SAXE, smalt, bleu d'azur, a 
silicate of cobalt and potassium. 

BLIND COAL. A Scotch term for anthra- 
cite. 

BLISTER ST EEL. Bar iron is surrounded 
with charcoal and heated for about 7 days. 
The product is known as “ blister steel.” 

BLOEDITE. A hydrated double sulphate 
of magnesium and sodium, 

Na 2 Mg(S0 4 ) 2 ,4H 2 0, 

forming water-clear monoclinic crystals, often of 
large size and beautifully developed. They are 
found in the salt mines of Stassfurt and in 
Poland, and in the Punjab Salt Range, India. 
Crystals 16J- cm. in length have been found in 
the black mud beneath a crust of sodium sul- 
phate on Soda Lake, San Luis Obispo Co., 
California. Simonyite and astrakanite (from 
salt lakes near Astrakan) are synonyms. 

L. J. S. 

BLOMSTRANDINE. A rare-earth mineral 
consisting of a titano-columbate of yttrium- 
metals, thorium, uranium, etc., occurring as 
orthorhombic crystals in pegmatite veins at 
several localities in southern Norway. The 
large crystals of tabular habit are found in the 
felspar quarries, and those from the island of 
llittero are well known in collections. They 
are brown on the surface, but on a fresh con- 
ehoidal fracture the colour is black with a bright 
pitchy lustre. The mineral is optically iso- 
tropic, owing to alteration by hydration. 
Sp.gr. 4-82—4-93. These crystals were pro- 
visionally referred by W. C. Brogger in 1879 to 
reschynite (q.v.), an allied species differing 
mainly in containing cerium-metals in place 
of yttrium-metals. More recently, Brogger 
(“ Die Mineralien der siidnorwegischen Granit- 
Pegmatitgange,” Videnskabs-Selskabets Skrifter, 
Kristiania, 1906) has given a detailed descrip- 


tion of this material, and he gives several other 
Norwegian localities for the mineral, namely, 
near Arendal and in Ssetersdal. He interprets 
the complex composition as an isomo rphous 
mixture in varying proportions of a meta- 
columbate with a metatitanate ; and for 
another member of the same series from the 
tin gravels of Swaziland, Transvaal, shown by 
G. T. Prior’s analysis (1899) to contain more 
columbium witlriess titanium, he proposed the 
name priorite. These isomorphous minerals, 
blomstrandine and priorite, are respectively 
dimorphous with polycrase and euxenite ; the 
four minerals euxenite-polycrase and priorite- 
blomstrandine thus forming an isodimorphous 
series. 

The name blomstrandine is not to be con- 
fused with the earlier name blomslrandite 
(of G. Lindstrom, 1874), which was applied to 
an uncrystallised hydrated titano-columbate 
and tantalate of uranium with some calcium and 
iron, from a felspar quarry at Nohl, in Sweden 
( v . Betafite). L. J. S. 

BLOMSTRANDITE v. Betafite and 
Blomstrandine. 

BLOOD is a richly albuminous fluid which 
holds in suspension large numbers of corpuscles. 
The fluid medium in which the corpuscles 
float is called the plasma. In round figures, the 
plasma contains about 10% of solids, of which 
proteins comprise 8, extractives 1, and inorganic 
salts (the principal one being sodium chloride) 
the remaining 1. The proteins are all coagulable 
by heat, and are named serum albumin, serum 
globulin, and fibrinogen. The last-named is the 
least abundant (0-4%), but confers upon the 
blood its characteristic power to clot or coagulate 
when it is shed. When shed, the blood rapidly 
becomes viscous, and then sets into a jelly ; the 
jelly contracts and squeezes out of the clot a 
straw-coloured fluid called serum, in which 
the shrunken clot then floats. The formation of 
threads of a solid protein called fibrin from 
fibrinogen is the essential act in coagulation ; 
this with the corpuscles it entangles con- 
stitutes the clot, and serum is plasma minus the 
fibrin which it yields. The following scheme 
shows at a glance the relationships of the con- 
stituents of the blood : 

Blood( pIasnla {fibrin 1 . 

(.corpuscles j nl ° ’ 

In round figures, the blood contains 60-65% 
of plasma, and 35-40% of corpuscles. The 
corpuscles are of three kinds, the red corpuscles 
or erythrocytes, the white or colourless corpuscles 
or leucocytes, and some very small particles, 
also colourless, which are called the blood- 
platelets. 

The subject of blood clotting is dealt with in a 
later section of this article (q.v.). 

The white or colourless corpuscles are typical 
nucleated animal cells which have been differen- 
tiated into varieties by their staining reactions, 
the number of their nuclei, and their seat of 
origin (lymphoid tissue, and red bone marrow). 
Their most important property is their power of 
amoeboid movement, by which they ingest and 
subsequently digest foreign particles. They act 
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in Una way as scavengers {phagocytes), and 
thus confer protection against pathogenic 
organisms {bacteria, etc ). 

The red corpuscles are much more numerous 
than the white, averaging m man 5,000,000 per 
cubic millimetre, or 400-500 red to each white 
corpuscle. It is these which givo the red 
colour to the blood They vary in size and 
structure in different groups of the vertebrates. 
In mammals, they are biconcave (except in the 
camel tribe, where they are biconvex), non i 
nucleated discs, in man 7 8p in diameter , during 
total life nucleated red corpuscles arc, how - 
ever, found In birds, reptiles, amphibia, 
and fishes, they are biconvex oval discs with a 
nucleus , they are largest among the amphi- 
bians Their most important and abundant 
constituent is the pigment haemoglobin In 
invertebrates this respiratory pigment is usually 
absent, and when present is, with few excep- 
tions, in solution in the plasma and not in 
special corpuscles In other invertebrates its 
place is taken by other respiratory pigments, for 
instance, by the gTccn pigment which contains 
iron and is called cluorocruonn (m certain 
worms), or by the blue pigment which contains 
copper and is termed hemocyanm (in certain 
crustaceans and molluscs). The vast majority 
of invertebrates have colourless blood containing 
only colourless corpuscles 

Heemoglobm and the Porphyrins. — 
Haemoglobin contains 0 4% of iron , it and 
certain of its derivatives give characteristic 
absorption spectra which form one of the best 
tests for blood. It is termed a conjugated 
protein, consisting of a protein (globm) in 
combination with the iron containing material 
termed btematin. The molecular weight of 
haemoglobin has been determined by inde 
pendent methods which have yielded remarkably 
concordant results. Thus Adair (Proo. Roy. 
Soc 1025, 98 [B], 523) deduced from osmotic 
pressure measurements a molecular weight 
of 67,000 ; Svedberg (Z. physikal. Chem. 1927, 
127, 51), from experiments on the rate of sedi- 
mentation of bmmoglobm molecules m the ultra 
centrifuge, arrived at a molecular weight of 
68.000 , Northrop and Anson JJ. Gen. Physiol 
1929, 12, G43), with the help of the Einstein 
equation and a direct measurement of the 
diffusion coefficient of carbon monoxide- 
hsmoglobin, assign to the protein a molecular 
weight a[ 6S.500±l,000 
A molecule of thi3 order of magnitude is 
required by the currently accepted theories of 
the institution of haemoglobin which appears to 
consist of four hsmochromogen units each 
comprised of hsematm in association with 
globin, a simple baeic protein. Hajmatin is an 
iron compound of proto porphyrin. The latter, 
which contains two unsaturated side chains, 
readily hy drates to yield h sum a t oporp hynn on 
being liberated from haemoglobin by the 
action of acids. Bv bothr.g dried blood with a 
little sodium chloride and glacial acetic acid, the 
characteristic brown crystals of hamatin 
hydrochloride or hajmin are readily obtained, 
and this is a very convenient chemical test foi 
blood ; it can be performed quite readily on a 
microscope slide. Reduced haematm may be 


prepared from hsemin by the action of sodium 
hyposulphite and alkali, and this, in contact 
with denatured globm, yields a hiemochromogen 
with a molecular weight of about 17,000. In 
contact with natural globm hasmatin yields 
reduced haemoglobin. 

By treatment with acid, as already stated, an 
iron free derivative of h rematin is obtained 
called hrematoporphyrin, and in the body certain 
iron- free derivatives somewhat similar to 
hsematoporphyrm are formed ; these con 
stitute the pigments of the bile. By the 
reduction of hrematoporphyrin, hasmopyrrol (u 
mixture of pyrrol derivatives) is obtained, and 
the same substances are obtained also from 
phylloporphynn and setioporphyrin, derivatives 
of chlorophyll ; this is an interesting fact, as it 
indicates a near relationship between the 
principal pigments of the animal and vegetable 
worlds 

Tor h return the following formula may be 
regarded as established, C 31 H 12 0 4 N 4 FeCI. 
It is supported by the synthetic achievements of 
H. Tischcr and Ziele (Annalen, 1929, 468, 98) 
who have obtained hrematoporphyrin, proto- 
porphyrin, and hrernin, using as starting material 
deutcroporphj rin. The latter is obtained by 
fermenting fresh ox-blood spontaneously, or 
with yeast, in an alkaline medium. Deutcro 
porphyrin was converted to its C diacetyl deriva- 
tive, and the latter when boiled with potassium 
hydroxide m absolute alcohol yielded haemato 
porphyrin. At 105° in a high vacuum the 
free ha?matoporphyrm was converted almost 
quantitatively into protoporphyrin identical 
with that derived from the hemoglobin of blood 
The action of hydrogen iodide in glacial acetic 
acid on the synthetic hmmatoporphyrm hydro- 
chloride yielded mesoporphynn, the fully 
hydrogenated homologue of protoporphyrin, 
whilst from the synthetic preparation of the 
latter, hsmin has been obtained by the standard 
methods. 

The inter-relationships of these porphyrins ate 
shown by the skeleton structural formula given 
below, whilst the probable positions of the 
substituent side chains in the porphyrins men- 
■tinaed .ahore; J’.rti 1 .tp 

obtainable from chlorophyll, arc indicated 
in the appended table, the numbers 1-8 corre- 
sponding to the positions marked m the 
skeleton formula : 



Hamoglobm is cryeta Disable. From different 
animal species distinctive crystalline forms of 
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The Substituent Side-chains of the Pohphyeins. 



I 

2 

3 

4 

5 

G ' 

• 7 

8 

JKtioporphyrin 

c 2 h 5 

ch 3 

CH^ 

C,H, 

ch 3 

c 2 h 3 

c 2 h 5 

ch 2 

Ucutcroporphyrin 

H 

ch 3 

ch 3 

H 

ch 3 

ch 2 .ch 2 .cooh 

CH 2 .CH 2 .COOH 

ch 3 

Protoporphyrin . 

CH :CH, 

ch 3 

ch 3 

CH : CH, 

ch 3 

CR,.CH,.COOH 

CH 2 .CH 2 .COOH 

ch 3 

Mesoporphyrin 

c 2 h 5 

ch 3 

ch 3 

c 2 h 5 

ch 3 

CH 2 .CH 2 .COOH 

CH 2 .CH 2 .COOH 

CH„ 

Hamatoporphyrin 

CH(OH)CH 3 

ch 3 

ch 3 

CH(OH)CH 3 

CH, 

CH„.CH 2 .COOH 

ch 2 .ch 2 .cooh 

CH. 


hamioglobin have been obtained. In this con- 
nection the detailed studies of Reichert and 
Brown should be consulted (“ The Crystallo- 
graphy of Hemoglobin,” Publication No. 116, 
Carnegie Inst, of Washington, 1909). 

Physiology of Blood. — During life the blood 
is in constant movement (circulation), and it is 
owing to this circumstance that it supplies the 
tissues with both nutriment and oxygen. The 
products of protein and carbohydrate digestion 
pass directly from the alimentary canal into the 
blood-vessels ; the fat reaches the blood indirectly 
by the lymph-stream. The blood, however, 
does not, except in the spleen, actually bathe the 
tissue elements ; the middleman between blood 
and tissues is a fluid called lymph, which 
exudes from the blood through the thin walls of 
the capillary blood-vessels. The lymph thus 
supplies the tissues with material for their 
repair or for storage ; it also removes from the 
tissues the waste products of their activity ; 
it is collected by lymphatic vessels which 
converge to the main lymphatic channel called 
the thoracic duct. This, opens into the large 
veins near to their entrance into the heart, and 
thus the lymph is returned to the blood, and the 
waste products are then conveyed to the various 
organs (lungs, kidneys, skin) by which they are 
discharged from the body. 

The function of blood as an oxygen carrier is 
dependent on the presence of haemoglobin. 
Oxygen passes by diffusion into the blood 
of the lungs, where it comes into contact with 
the pigment, and with which it forms a loose 
compound called oxyhaemoglobin ; this bright- 
red arterial or oxygenated blood passes to the 
heart, and is thence propelled through the 
arteries all over the body ; in the tissues, 
where the oxygen tension is very low, oxyluemo- 
globin is dissociated, and the oxygen passes into 
the plasma, and again reaches the actual 
tissue elements via the lymph. The reduction 
of oxyhamioglobin changes the colour of 
the blood to the darker tint which it has in the 
veins, by which vessels it is carried back to the 
heart and sent to the lungs for a fresh supply of 
oxygen. The venous blood is also rich in 
carbon dioxide, which finds an exit from the 
blood in the lungs into the expired air. It is 
probable that a small proportion of this carbon 
dioxide is carried in direct combination with 
hmmoglobin and other proteins,' but the great 
bulk of the gas is carried in the form of car- 
bonates in the blood-plasma. 

The amount of respiratory oxygen carried 
by the blood pigment is 1-34% oxygen per gram 
ol hemoglobin. This can be replaced by 


equivalent amounts of such gases as carbon 
monoxide or nitric oxide. These compounds are 
more stable than oxyhcemoglobin, and the gas is 
not removable by the tissues ; hence in coal- 
gas or exhaust-fume poisoning the colour of 
the blood is equally bright in arteries and 
veins, and the cause of death is oxygen starva- 
tion. 

Technical and Commercial Uses of 
Blood. — Passing now to the technical and com- 
mercial aspect of the case, the uses of the blood 
come mainly under four headings : (1) as food ; 
(2) as manure ; (3) as a clarifying agent ; and 
(4) as a drug. 

(1) As Food. — Blood as such is only used as 
food by savages, and attempts have been 
made to utilise dried defibrinated blood as a 
commercial food product without any great 
success. It, however, forms an important con- 
stituent of certain articles of diet, of which 
black pudding and the German Blutwurst 
(blood sausage) are the best known. In the 
preparation of these pig’s blood is most commonly 
employed, and they are of high nutritive value, 
(for the composition of various kinds of Blut- 
wurst, see Konig, Chemie d. menschl. Nahrungs 
und Genussmittel, Berlin, 1904, 525 ; Pott. 
Handb. d. Tier-Ernahrung, iii, 513, 1909 ; E. 
Schmidt, Lehrb. d. pliarra. Chem. ii, 2, 1833, ' 
1901.) 

(2) -4s Manure . — Dried blood, the so-called 
blood-meal ( Blulmehl ), is extensively used ns 
manure, and may be placed directly on the land, 
or, more frequently, is mixed with super- 
phosphates. It is a brown powder with a glue- 
like smell, and must be kept in dry places to 
avoid putrefaction. It is valuable on account of 
its high percentage of nitrogen (11-8%) and of 
phosphorus (1-2%). Numerous patent manures 
contain a certain proportion of blood. (For 
details, see Konig, l.c. 49C ; Merck’s “ Waren- 
Lexicon,” 5th ed., art. Blut-.) 

(3) Asa Clarifying ripen!.— Blood is employed 
in the same way as are milk, gelatin, and 
albumin, as a clarifying agent for wines, syrups, 
and similar liquids, in the proportion of 150- 
200 c.c. of blood per litre. The clearing action is 
due to the proteins present, but used in this way 
there is considerable danger of infection, as also 
is the case for milk. Dried blood or the dried 
blood-albumin is therefore preferable. Blood- 
albumin is prepared from the serum drained off 
from the clot ; the product is really dried 
serum, as the proteins are mixed with the 
other constituents of that fluid, and the word 
“ albumin ” is used as synonymous with 
“ protein ” and not in the correct chemical sense. 
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It has the advantage of being considerably 
cheaper than egg-albumin, for the total blood of 
an ox will yield 750-800 g. of the dried product, 
a good-sized calf will yield 340-400 g , and a 
sheep about 200 g. (see Merck, l c., art. Blut- 
albumin). 

(4) The Therapeutic Uses of Blood and Serum — 
The high nutritive value of blood makes it a 
valuable drug in the treatment of anaemia, 
and certain patent medicines sold under the name 
of hxmatoge'i consist very largely of blood 
mixed with suitable flavouring and preservative 
agents A still larger practical use of blood 
products (serum therapy) has been the outcome 
of work on immunity, m which the names of 
Eicbet, Ehrlich, Behring, and Boux may be 
mentioned as those of pioneers. In connection 
with these and similar problems reference may 
be made to “ Vaccme and Serum Therapy ” by 
Fleming and Petrie, 1934 (Churchill, London), 
and to “ Haematology,” by Piney, 1930 
(Churchill, London). 

Miscellaneous Uses of Blood. — Blood is, 
or has been, employed in & number of industrial 
processes, e g as a medium for pamts (Johnson, 
B P. 82, 1883) , in the preparation of adhesive 
cements , as a precipitant of sewage in the 
alum, blood, and clay process ; and m the 
manufacture of pure animal charcoal. 

Tests for Blood. — It is often necessary, in 
medico legal practice, to be able to identify 
blood stains on garments and instruments 
If the blood is fresh, a microscopic investigation 
reveals the presence of corpuscles, and an 
aqueous extract will show the typical absorption 
bands of htemoglobin with the spectroscope. 
The best chemical test is the formation of hsmm 
crystals already described, and is given by quite 
small quantities of blood, even if it is old and 
dry. When the blood is dry, and small quan- 
tities only are present, the most delicate spectro- 
scopic test consists in dissolving it in dilute 
potash with the aid of heat, and then adding 
a drop of a reducing agent such as ammonium 
sulphide ; the two absorption bands of reduced 
hxmatm are then seen, one about half-way 
between the D and E lines, and the other just 
on the blue side of the E line. 

Human blood can only be distinguished with 
certainty from the blood of other animals by the 
so-called “ biological reaction.” The injection in 
successive doses of blood of one animal species 
into another animal of a different species acts 
as an antigen, and causes the development of a 
specific precipitin m the blood of the injected 
animal. The addition of a trace of blood of the 
first animal species to the scrum of the injected 
animal causes a precipitate. Such a precipitate 
docs not form except between the blood of the 
two species of animal used in the experiment. 
This has been applied to the case of human 
ii°,’ by t . aklng a rabblt and Electing human 
blood into it. T he serum of this rabbit w ill then 
gue a precipitate with the blood of man (and 
to a loss extent of the higher apes), and with the 
blood of no other species of animal. The test 
is extraordinarily delicate, and will detect 
human blood that has been dried for months 
and even when it is mixed with the blood of other 
animals. j p 


Blood Coaqulatiox. 

When blood leaves the blood vessels it clots 
within a few minutes, the clot formed assisting in 
preventing further hsmorrhage. Clotting, there- 
fore, is an important protective mechanism 
against excessive drainage of blood from the 
organism. In hsemophilia there exists a con- 
genital deficiency in the coagulative pow er of the 
blood. A trifling wound, in this disease, 
leads to persistent bleeding, whilst a larger 
wound may lead to fatal results. 

Coagulation of blood is a complex chemical 
and physico-chemical process the details of which 
are not yet fully understood. 

Buchanan demonstrated m 1845 that a sub- 
stance is present in serum which when added to 
incoagulable exudates of the body causes 
them to clot. This substance may also he 
extracted from blood clots. Schmidt in 1872 
found that scrum contains a substance which 
converts certain plasma proteins, in presence of 
calcium, into fibrin. This was termed thrombin, 
and Schmidt showed that it was formed in shed 
blood from an inactive precursor, prothrombin, 
which exists normally in the plasma of circulating 
blood. The fibrin of a blood clot was shown by 
Hammarsten (1880) to be formed by a reaction 
between thrombin and fibrinogen, a blood protein. 

Fibrin is formed in shed blood in the form of 
fine threads radiating from foci, probably the 
blood platelets. They form an interlacing net- 
work entangbng red and white blood cells. 
It has been observed that the fibnn is deposited 
in the form of fine crystalline needles, unique 
conditions peculiar to blood clotting being 
necessary for the deposition of fibrin in this 
manner. The blood of invertebrates forms a 
structureless gel when it clots (Howell). 

Stuber and Lang (“ Physiologic und Patho- 
logic d. Blutgerinnung,” Berlin, 1930) have 
proposed the theory that blood glycolysis is 
responsible for clotting, the increased acidity 
due to lactic acid formation causing precipita- 
tion of fibrinogen Wohlisch, however, has 
pointed out that acid precipitation of fibrinogen 
is a reversible process, whereas blood clotting is 
irreversible. Moreover, gradual glycolysis with- 
out clotting may take place m a hajmophilicr 
blood. The fundamental process in blood 
coagulation appears to be a reaction between 
thrombin and fibrinogen. 

Fibrinogen, which gives rise to fibrin, is a 
globulin which exists in blood to the extent of 
about 400 mg. in 100 ml. and is probably formed 
in the liver. It can be prepared by half Batura 
tion of blood plasma with sodium chloride. Tho 
precipitate of fibrinogen is washed by centri- 
fuging and decantation, with half saturated 
sodium chloride solution and is dissolved in a 
w eak salt solution. Such a solution forms a clot 
when it is mixed with a few drops of blood serum 
(not plasma) owing to the thrombin contained 
therein. The clotting docs not take place if the 
serum has been heated. 

Thrombin shows most of protein reactions, 
but it is not coagulated by heat. It may be 
obtained from blood serum by treatment with 
alcohol, the precipitate being extracted with 
water which dissolves the thrombin. The pro- 
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cess is repeated to obtain a purer solution of 
the substance. The latter has a marked 
coagulating action on solutions of fibrinogen. 
Howell (1913) has described a method of 
separating thrombin from fibrin. Thrombin 
does not exist in blood plasma ; it is produced 
at the time of the blood clots. 

The nature of the reaction between fibrinogen 
and thrombin is not yet fully understood. 
Hnmmarsten considered thrombin to be a 
hydrolytic enzyme which hydrolyses fibrinogen 
to form insoluble fibrin. This view is still 
maintained by J. Mellanby (Proc. Roy. Soc. 
1933 [B], 113, 93), according to whom thrombin 
is a proteoclastic enzyme splitting the fibrinogen 
into fibrin and a soluble serum globulin. He 
suggests it is an essential factor in blood 
coagulation in vivo. According to Waldsehmidt- 
Leitz and his colleagues (Z. physiol. Chem. 1929, 
183, 39) thrombin is an enzyme related to 
pancreatic trypsin and may be activated by 
thrombolcinase. Fuchs and Zakrzewski (Klin. 
Woch. 'Oct. 1934) claim that they have been 
able to demonstrate an increase in non-protein 
nitrogen as a result of coagulation, and consider 
that the result is a demonstration of the hydro- 
lytic action of thrombin. Convincing experi- 
mental proof of the alleged hydrolytic action of 
thrombin is, however, still lacking. The 
“ products of hydrolysis cannot be separated 
and determined, nor does fibrinogen respond to 
other hydrolytic agents or enzymes with the 
formation of a fibrin gel ” (Howell). 

Del Baere (Biochem. Z. 1932, 246, 38) explains 
the deposition of fibrin as due to the electrical 
adsorption of positively charged thrombin 
on negatively charged fibrinogen. 

Thrombin is derived from prothrombin, a 
protein which normally exists in the plasma of 
circulating blood, by the action of calcium ions 
and of a substance present in tissue extracts. 
Morawitz considers its inactivity in normal blood 
to bo duo to the lack of the tissue extract 
activator — thrombokinase. Howell believes that 
in circulating blood prothrombin is protected by 
combination with an anticoagulant or inhibiting 
substance which he has shown to be present in 
blood. Mellanby, Pickering and Hekma con- 
sider that in the normal blood prothrombin is 
protected because “ it exists in a colloidal 
complex with fibrinogen, serum, globulin and 
albumin. Exposure to a foreign surface or to 
the action of tissue extracts causes dissociation 
of this complex with liberation of prothrombin 
and subsequent activation.” Eagle (J. Gen. 
Physiol. 1935, 18, 531) has shown that the 
amount of thrombin formed in a mixture of 
prothrombin, calcium ions, and tissue extract 
varies directly with the amount of prothrombin 
and not with the other two factors. 

Mellanby (Proc. Roy. Soc. 1930, 107 [B], 271) 
obtains prothrombin by precipitating dilute 
oxalated plasma with dilute acetic acid at 
Tn 5-3. '’ he precipitate is treated with dilute 
calcium bicarbonate solution which dissolves out 
the prothrombin. This solution is again pre- 
cipitated with dilute acetic acid and the pre- 
cipitate centrifuged and dried with acetone. 
The yield of prothrombin (or prothrombase) is 
40 mg. per 100 ml. plasma; 1 mg. of the 
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preparation, on activation, coagulates 100 ml. 
plasma in 20 seconds. Morawitz has shown 
that prothrombin may be obtained from blood 
platelets, but according to Euchs and Fischer 
prothrombin is provided by all or many tissues. 

Calcium ions play an important role in the 
conversion of prothrombin into thrombin but, 
apparently, aro not concerned with the final 
reaction between thrombin and fibrinogen. 
Thus clotting will occur when purified thrombin 
is added to oxalated blood or plasma, or to a 
pure solution of fibrinogen. Thrombin is not a 
calcium compound because the activation of 
prothrombin into thrombin may occur in the 
absence of calcium, e.g. by alcohol or chloro- 
form. Traces of calcium appear to accelerate 
considerably the normally slow change of 
prothrombin into thrombin, but agreement on 
this point has not been universally reached. 
Strontium, and to a far smaller extent, barium 
and magnesium, will catalyse the conversion of 
prothrombin into thrombin. 

An additional factor in the activation of pro- 
thrombin is present in the form of throm- 
bokinase which is supplied by tissue elements 
and especially by blood platelets. According 
to Howell this tissue factor removes an inhibitor 
from combination with prothrombin ; according 
to Pickering the tissue factor causes dissociation 
of a complex of prothrombin, fibrinogen and 
tissue proteins. 

This tissue activator is supposed to resemble 
lecithin, and it may bo extracted from tissues 
by alcohol and ether ; it is then thermostable. 
Brain cephalin, which may be identical with, or 
nearly related to, thrombokinase, according to 
Howell, is particularly potent as an activator. 
Its potency is lost when the cephalin is allowed 
to stand in air, and is retained when the cephalin 
is kept in vacuo. Lecithin, free from cephalin, 
has no effect on coagulation. Fischer and 
Hecht (Biochem. Z. 1934, 269, 115) claim that 
the purer the preparation of cephalin the less is 
its effect on coagulation. Charles, Fischer, and 
Scott (Trans. Roy. Soc. Canada, 1934, 28, V, 49) 
have isolated from lungs a thrombokinase, which, 
whilst a lipoid related to fatty acids, is not 
cephalin. 

Howell considers that blood contains traces 
of some compound, similar to the hirudin of 
leeches and other blood-sucking animals, which 
is an anticoagulant. Howell and Holt (Amer. 
J. Physiol. 1918, 47, 328) have given the name 
heparin to an anticoagulant from dog’s liver. 
It has no inhibitory effect on the action of 
purified thrombin on fibrinogen but it inhibits 
the conversion of prothrombin into thrombin. 
It is free from phosphorus and nitrogen and 
appears to be a glycuronic acid derivative. 
Chargaff, Bancroft, and Stanley Brown (J. 
Biol. Chem. 1936, 115, 155) conclude from a 
recent study of anticoagulants that such sub- 
stances “must be water soluble, of high molecular 
weight and must contain combined sulphuric 
acid or possibly other acid groups of similar 
strength.” They find that an active anticoagu- 
lant is galactan-sulphuric acid ester isolated 
from an alga, Irideae laminarioides. 

3Ioraivitz’s Theory of Blood Coagulation . — 
A widelj’ accepted theory of blood coagulation 
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is that of Morawitz aecoidmgto which thrombo- 
Linage from ti-suc cells and especially from 
damaged blood platelets, acts, an conjunction 
with 'calcium ions, on prothrombin of blood 
plasma to form thrombin The latter reacts 
with fibrinogen to produce fibrin 
Thus ire has c 

(1) Prothrombin -rCa -t-Tfcrombokinase^ 

Thrombin 

(2) Tin om bin Fibnnogen= Fibrin 
Hoicell's Theory of Blood Coagulation — 

Howell believe** that prothrombin can be con 
verted to thrombin b\ the action of C a" alone 
The lhrombokina«e, or tissue activator, acts 
not as a kmase but as a substance neutralising 
a normal inhibitor of prothrombin This 
inhibitor Iposublj heparin) when combined 
with prothrombin, prevents the latter being 
converted bv calcium ions into thrombin The 
shedding of blood and consequent destruction of 
blood platelets furnish the tissue actuator 
winch combines with the inhiLitot and thus 
liberates free prothrombin {see also Chargaff 
el al , J Biol them 1936 115. 237) 

Thus n i have 

(1) Prothrombin heparin f ti>sue factoi (cepha- 
lin »)= Prothrombin 

(2) Prothrombin- 1 - Ca"= Thrombin 

(3) Throinbtn— Fibrmogt n= Fibrin 

1 or a du>eu«sion of the»e and other theories of I 
blood coagulation (e g those of Bordet. Picker 
ing, Fuchs, and Fischer) each of which has its ! 
distinctive features, the reader is referred to 
Howell (Physiol Rev 1935,15,435) For fuller I 
information on the subject the reader is referred 1 
to the above article and also to Wohlisch 
(Ergeb d Physiol. 1929, 28. 4431, Fuchs 
(Ergeb d Enzy mforschung, 1933, 2, 282), and 
Zung (Traitc d Phvsiol (Roger et Bmet), 1934, 
7. 189) J H. Q 

AtcriCOACCLASTS 

Defibrination . — This process of pre\enting 
coagulation of blood is usually earned out when 
mineral analyses are to be made on the blood 
serum and when the introduction of extraneous 
substances is undesirable. It is earned out by 
stirring the blood in a tube with a glass rod, 
the clot adhering to the rod. Care should be 
taken to prevent the rod coming into contact 
with the sides of the vessel as this may break 
up the cells, causing hremolysis Defibrination 
should bo carried out as far as possible an®robi- 
tally, as otherwise loss of C0 2 and absorption 
of 0 2 may occur {see Eirenman, Method for 
Anrerobic Defibrination of Blood, J. Biol. Chem. 
1925, 71, 607). 

Oxalate and Citrate — There substances appear 
to depend on their combination with blood 
calcium for their powers of preventing blood 
coagulation. For analytical purposes citrates 
should he avoided as they interfere with unc 
acid determination, protein precipitation, and 
cause disturbances in reaction and cell volume 
Oxalates (K, Na, or NH 4 salts) are effective 
anticoagulants in a concentration of 0 1 to 0 2% 
They are most favoured m analytical work as 


they have little influence on p H and on the C0 2 
absorbing pou cr of the blood. Tor details of the 
, n'e of oxalate, see Peters and Van Sly ke(“ Quan- 
titative Clinical Chemistry,” 1932. II, 61), and 
Magath and Hum (Amer. J. Clin. Path. 1935, V, 
548) 

Hirudin — This active principle of the secretion 
of the buccal glands of leeches is now rarely med 
as an anticoagulant and has been replaced by 
hepann 

Depart u — This anticoagulant was obtained 
from dog’s liver by Ho well and Holt [l c.) and is to 
be found in the liver, lungs and muscle. It has 
no effect on the reaction between purified 
thrombin and fibrinogen, but it inhibits the 
conversion of prothrombin into thrombin. It 
prevents coagulation at a concentration as 
low ns 1 mg. per 100 ml. It appears to be a 
glvcuromc acid derivative. 

\ enom of the viper ( Vt pen nx and Crotahnx ) 
contains thrombin, which if introduced into the 
body will cause intra vascular clotting. This 
coagulant action of vipenne venom has been 
used in the treatment of haunophiha. 
The Indian daboin venom ( Vipera russeUn) 
has been found to be by far the most powerful 
coagulant agent against hemorrhage. Experi- 
mentally , one drop of Rureel’a \ iper venom in a 
concentration of 1/1,000, when added to 10 
drops of hemophilic blood, clotted it in 17 
seconds, whereas the blood from the same 
patient dotted spontaneously in 33 minute *. 
The effect of the venom may be observed even 
in dilutions of 1 in 10 18 . For further details 
of the therapeutic effects of venoms the reader 
>is referred to Chopra and Chowhan (Snake 
\ enoms in Pharmacology and Therapeutics, 
Indian Medical Gazette, 1935, 70, 445), 

When an animal survives for an hour or two 
after injection of the riper venom the blood is 
incoagulable (Taylor, Malloch, and Ahuj’a, 
Indian J. Med. Res 1935, 23, 131). Coagula- 
bility returns to normal gradually in animals 
w hich survive. “The intravenous coagulation 
and incoagulability ol the blood are manifesta- 
tions of action of the venoms winch differ only 
in degree and rapidity. P»npid action of the 
venom may produce massive clotting of the 
blood in tno, while slower action produces 
invisible coagulation, probahly with fine deposi- 
tion of fibrin m the walls of the blood vessels, 
the blood being defibnnated and in con-equenee 
incoagulable.” 

Anlnenenes {antixenom serai will bring about 
a neutralisation of the coagulant action of the 
venom, the homologous antivencnc being the 
moat effective. Taylor et al. (1c.) report 
experiments where the addition of neutralised 
venom ( venom -•- homologous antivenene) at 
a concentration of 1 in I0 4 to 1 in 5xl0 6 pre- 
vented the coagulation of sheep's blood. They 
state that the coagulant actions of daboia and 
Vchis venoms .are neutralised by their respective 
antivcnencs. Daboia antivi nene docs not 
neutralise the coagulant action of fehis venom 
nor docs Fehis antivenene neutralise that of 
daboia venom, specificity of action being clearly 
observed * J. H. Q 

BLOOD CEMENTS c. AdWjsiIves. and 
■ Adhesive Action. 
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BOG-BUTTER. 


BLOODSTONE. A popular name for the 
mineral heliotrope, a variety of chalcedony 
(Si0 2 ), showing bright-red spots on a dark-green 
ground. It is used for the engraving of ring- 
stones and seals. 

The same name has also been used for 
haematite, (Fe 2 0 3 ), being a translation of 
ai/ianTT]?, so called because the colour of the 
nowdered mineral is like that of dried blood. 

L. J. S. 

BLOOM. A term given to a mass of iron 
after it leaves the puddling furnace. 

BLOWN OILS. Thickened oils, soluble 
castor oils, are prepared by blowing air through 
vegetable semi-drying oils, blubber oils, or 
liquid waxes whilst these are stirred and heated 
to temperatures varying from 70° to 115°. 
The products are denser and more viscous than 
the raw materials and are miscible with m i neral 
oils. These mixtures are used as lubricants. 
The blown oil from linseed oil which sets by 
further oxidation to an insoluble solid, linoxyn, 
is employed as the agglutinant in the manu- 
facture of linoleum. 

BLUE ASHES v. Blue, Mountain. 

BLUE, BERLIN v. Blue, Pkussian. 

BLUE CERULEAN. L'ceruleum, Coilin- 
blau, bleu celeste, Cobalt stannate. A greenish- 
blue pigment. 

BLUE, COBALT. Thtnard's blue, Leyden 
blue, King's blue, coball ultramarine, Gahn’s 
ultramarine, azure blue. A valuable water 
colour pigment consisting of cobalt aluminate, 
or a compound of the phosphate or arsenate of 
cobalt with alumina. 

BLUE COPPERAS. Blue stone or blue 
vitriol. Copper sulphate. 

BLUE CROSS GAS. Diphenyl chioro- 
arsine, (C ? H 5 ) 2 AsCI, m.p. 43°, b.p. 333°, yields 
a very irritant toxic smoke used in gas warfare 
(v. Chemical Warfare and Defence). 

BLUE 3G ( Cibanone Yellow E) v. Anthra- 
QmsoyE Dyestuffs. 

BLUE GUM TREE. Eucalyptus globxdus. 
A large tree of Tasmania and eastern Australia, 
its fresh leaves are distilled for the volatile oil, 
1 to 3%. A tincture of the leaves is used in the 
treatment of asthma. The unmixed oil of 
E. globulus is no longer a commercial article, 
the oil of eucalyptus is obtained by rectifying 
the distillates from E. polybractea, E. dumosa, 
and other species of eucalyptus which yield 
oils containing a large proportion of eineol, 
also known as eucalyptol or cajuputol, with some 
phellandrene. The oil is soluble in 90% alcohol, 
and contains not less than 70% of eineol. 
Sp.gr. 0-910 to 0-930, [a] D 4-5° to -5°, 1-45S 

to 1-470. 

■ BLUE IRON-EARTH. An earthy blue 
variety of the mineral vivianite, a hydrated 
ferrous phosphate, Fe 3 P 2 0 8 ,8H 2 0, often found 
as a blue powder encrusting vegetable remains 
and bones in bog-iron-orc, peat, and clavs. 

L. J. S. 

BLUE JOHN. A variety of fluorspar 
found in Derbyshire and valued for making 
ornamental articles (r. Calcium). 

BLUE LEAD. A term applied to galena 


by miners to distinguish it from white-lead ore, or 
carbonate. 

BLUE, LIME, and BREMEN BLUE are 

essentially copper hydroxide, Cu(OH) 2 , asso- 
ciated with calcium carbonate and copper 
carbonate respectively, formerly used as 
pigments. 

BLUE, MANGANESE. A blue pigment 
prepared by igniting at a red heat manganese 
oxide and barium nitrate with kaolin or with 
silica. 

BLUE, MOUNTAIN. Blue verditer, 
chessylite, azurite, blue ashes, or Bergblau. 
The natural hydroxy carbonate of copper, 
2 CuC0 3 -Cu(OH) 2 , used as a pigment. 

BLUE, PRUSSIAN. Chinese blue, Ant- 
werp blue, Berlin blue, Paris blue, soluble blue, 
bronze blue, Saxon blue. This pigment occurs in 
several forms. Commonly it is a mixture of 
potassium ferric ferrocyanide, K 2 Fe 4 (CN) 12 , 
with ferric ferrocyanide, Fe 7 (CN) le , but the 
most permanent form is ferric ferrocyanide. 

BLUE, SAXON v. Blue, Pkussian. 

BLUE, THENARD v. Blue, Cobalt. 

BLUTMEHL v. Blood. 

BLUTWURST v. Blood. 

BOEHMITE or BOHMITE. An ortho- 
rhombic modification of aluminium hydroxide, 
AI 2 0 3 ,H 2 0= AIH0 2 , dimorphous with dia- 
spore (also orthorhombic AlHO z ), but differing 
in its optical properties and in crystal-structure 
as shown by the patterns in X-ray photo- 
graphs. It is isomorphous with lepidoerocite in 
the isodimorphous series diaspore-boehmite and 
goethite-lepidocrocite. It was first recognised 
in French bauxite by J. Bohm (Z. anorg. Chem. 
1925, 149, 203) and was named boehmite by 
J. de Lapparent (Compt. rend. 1927, 184, 1661). 
The. aluminium hydroxide precipitated from a 
boiling solution is boehmite, and this on 
dehydration yields y-AI 2 0 3 . L. J. S. 

BOG-BUTTER. In various northern 
European countries, particularly Ireland and 
Scandinavia, it appears to have been common 
practice in the Middle Ages to bury butter, or 
immerse it in peat-water, in order to preserve 
it or, perhaps, in order to improve ( ?) the 
flavour. Specimens of such buried butter, 
which may date from the eleventh to the 
eighteenth centuries, are still occasionally dis- 
covered in peat-bogs in an advanced state of 
decomposition, forming the whitish, waxy mass 
resembling adipocere (q.v.), known as bog-butter. 
Bog-butter has a lower iodine value (e.g. 9-15) 
and higher acetyl value than fresh butter-fat, 
and consists chiefly of saturated and oxidised 
(hydroxylated) fatty acids, which have been 
formed from the original butter-fat as a result 
of the hydrolysing and oxidising action of 
water, air, bacteria, and moulds ; as a rule, the 
bulk of the lower, volatile fatty acids, which 
characterise fresh butter-fat, have disappeared. 
Minor amounts of nitrogenous matter (derived 
from the casein of the butter) and metallic 
contaminants derived from the water may be 
present. 

It is interesting to note that cholesterol has 
been recovered from the unsaponifiable matter of 
bog-butter, having apparently suffered little or 



no alteration Analyses of Irish bogbottere 
are recorded by Radclifleand Haddocks, J b.Ul. 
1907, 26, 3, and P- S. Amp, Analyst, 1932, 57, 
300 : cf. S Schmidt Nielsen, Kong. Norske 
Videnskab Selskab. Forhandl. 1928, 1, No. 61, 
182 (Scandinavian and English samples- in 
Norwegian ) For the archeology of bog- 
butter, see W. P- Wilde, Proc. Irish Acad. 
1856, 6, 336 , Gogan, Irish Times, May 16, 
1929 (cf Amp, l e.). E L 

BOGHEAD COAL t . Paraffin 

BOGHEAD NAPHTHA v Paraffin. 

BOG-IRON-ORE. An impure iron hydrox- 
ide of recent formation m bogs and marshes. 

It is referable to the mineral species lunomte 
(2Fe 2 0 3 ,3H 2 0), and, in fact, this name (from 
ItiptiJ, a meadow) was at first applied to this 
material, which is known in German as Rasen- 
eisenstein or Wiesenerz (meadow-ore) It is 
sometimes placed under the species hmmte 
(from Xlfivri, a marsh), to which the formula 
Fe 4 0 s ,3H 3 0 has been assigned. It con- 
tains 20-78 ° 0 Fe 2 0 3 , some silica and organic' 
matter, and often phosphates m considerable 
amount The material has been deposited 
by the oxidation of chalj beate waters through 
tke agency of algse and bacteria It is dug 
m shallow pits in the peat-bogs of Ireland, the 
production amounting to & few thousand tons 
per annum, and is mainly used for the purifica- 
tion of coal gas. The Swedish lake ores 
(stouiaim) are of the same nature L. J. S. 

BOG MANGANESE. Wad, a black, 
earthy mineral consisting mainly of hydrated 
manganese dioxide, but of vanable composition. 

BOHEMIAN BOLE. A yellow variety of 
bole (q v ) 

BOHNALITE v . Alloys, Light. 

BOHN-SCHM IDT REACTION c. Au- 

ZABIN AND ALLIED DltSrCUb 

"BOILED KEENE'S ” PLASTER v . 
Bcildkc JIatepials, Section II. 

BO I LED OIL. Boiled linseed oil. Formerly 
denoted a preparation obtained by heating lin- 
seed oil with about 0 5% litharge, PbO, for 
several hours to 200°-250“ with access of air. 
Other drying agents, e.g. manganese borate, 
caD be used instead of litharge. The product, 

11 kettle boiled oil," dnes much more rapidly 
than the raw oil and is used in paints (cf. British 
Standards Specification 242, 1936). The term 
“ boiled oil " also includes linseed oil containing 
dry mg agents added in solution, e g. hnoleates 
of lead, manganese or cobalt dissolved in a part 
of the oil. These preparations made with 
little or no heating, which are sometimes termed 
“ bung hole boiled oils,” have the property of 
rapid drying and are used for this purpose in 
paints. 

BOLDO LEAVES. The dried leaves of 
an evergreen tree, Peumvs boldus, of central 
Chili, contain the alkaloid boldine (0-1%), 
the glycoside boldm or boldoglucin, a volatile 
oil (2%) containing terpenes and terpmeol. 
The tincture has diuretic and stimulant pro- 
pc , tics due to the volatile oil (B P.C. 1934). 

BOLE. (Pol, Ger.) A ferruginous clay-like 
suh-t-nce, of red, brown or yellowish colour. It 
is not plastic, and when thrown into water' 
lalls to pieces with emission of streams of 


minute air-bubbles. It has an unctuous feel, 
and some varieties adhere to the tongue. When 
cut it presents a shining streak. Before the 
blowpipe it fuses to a y ellowish or white enamel. 
Its composition is veiy vanable, but the usual 
limits are from 41 to 47% SiO : , 18 to 25% 
AljOj, and 24 to 25% H 2 0, with a proportion 
0 fVe,0 3 , which may reach 12%. It will be 
noticed that the percentage of water is higher 
than in clays. The Fettbol of Freiberg in 
Saxony occurs in mineral veins, and contains 
only about 3% of A! 2 0 3 . The bole of Stolpen 
m Saxony is a yellowish substance containing 
onlvatraceof Fe 2 O s . Rammelsberg’a analysis 
yielded Si0 2 45 92. AI 2 0 3 22 14, CaO 3 9, 

H O 25 86. In the “ bole of Sinope ” (smopite) 
from Asia Minor the Si0 2 fills as low as 32%. 
The ancients obtained this material from 
Cappadocia, and used it as a red pigment. It 
wa? also employed in medicine as an astringent 
(v. Lehnian Earth). 

Bole is frequently found as a product of the 
decomposition of basaltic rocks. Thus the 
sheets of basalt of N.E. Ireland, representing 
Tertiary lava-flows, are separated by partings of 
bole, associated with hthomarge, bauxite, 
pisolitic iron-ore and seams of lignite. The 
Antrim bole is desenbed as a poor variety of 
aluminous iron ore (G. A. J. Cole, "The inter- 
basaltlc rocks (iron ores and bauxites) of north- 
east Ireland,” Mem. Geol. Survey, Ireland, 1912) 
L. J. S 

BOLOGNAN (Bononian) STONE. A 
native variety of barium sulphate found as 
nodular masses embedded in clay near Bologna; 
when partially reduced to sulphide by calcina- 
tion with charcoal it exhibits phosphorescence. 
Vanino and Zumbusch (J. pr. Chem. 1911, [li], 
84, 305) have attempted to ascertain the factors 
wb>ch determine the phosphorescent quality of 
Bologna stones. Good samples may vary in 
sulphur content between 12 and 33%. Marked 
phosphorescing power seems to depend upon the 
presence of poly sulphides ; products containing 
only monosulphide are deficient in this respect. 
The presence of calcium oxide appears to increaso 
the phosphorescing power (v. Barytes and 
Luminous Paints). 

BOLORETIN. A resin derived from the 
fossil fir wood found in the Danish peat bogs. 

BOMBICESTEROL, CjjH^OH.HjO, 

t,p. 148°, [o]“ —34°, a member of the chole- 
sterol group occurring in the unsaponifiable 
portion of chrysalidino oil extracted from the 
chrysalis of the silkworm ( Bombyx tnon). 
(Menozzi and Morcschi, Atti R. Accad. Lincei, 
1903 [v]. 17, 93.) 

BONE. Bony- tissue may be either compact 
as in the shafts of the long bones, or spongy or 
cancellated as m the flat bones of the skull and 
in the extremities of the long bones ; here an 
external compact layer encloses a mass of 
spongy bone or diploe. From the embryo- 
logical point of view, bones may be divided into 
cartilage bones and membrane bones. The 
cartil ige bones are those which in embryonic 
life are preceded by cartilaginous prefigure- 
ments ; these comprise the majority- of the bones 
in the human body, and include all the long 
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bones except the clavicle. In the case of 
membrane bones (for instance, the flat bones of 
the cranium) there is no such preliminary 
cartilaginous prefigurement. In the cartilage 
bones the cartilage is not converted into bone ; 
for here, as in the cases where there is no 
cartilage present, the true bony tissue is laid 
down by the agency of cells termed osteoblasts 
in the connective tissue sheath (periosteum) 
of the bone, and the cartilage when present, after 
undergoing a certain amount of calcification, 
is then entirely eaten away by large cells called 
osteoclasts. In the cartilaginous, as dis- 
tinguished from the bony or teleostean fishes, 
the replacement of the cartilage by true bone 
does not occur. 

Bone is deposited in concentric laminae, the 
majority of the layers encircling the channels 
called Haversian canals, in which the blood- 
vessels lie. The living elements in bone, the 
bone cells, lie in spaces between the laminae, 
and these spaces (lacuna;) intercommunicate 
by minute canals, in which lymph flows and 
maintains their nutrition. 

The chemical materials present are organic 
and inorganic. The organic materials are 
proteins and nucleoprotein derived from the 
bone cells, a small quantity of an elastin-like 
substance which forms a lining to the Haversian 
canals, and a mucin or gluco-protein ; but the 
principal organic material, sometimes misnamed 
bone cartilage, is better termed ossein. Ossein 
is identical with the collagen of connective 
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tissues, and like it yields gelatin on boiling with 
water. If the inorganic salts are dissolved out 
by mineral acids, the ossein remains as an elastic 
mass which preserves the original shape of the 
bone. 

The inorganic constituents remain as the so- 
called bone earth after the bone is completely 
calcined ; it consists chiefly of calcium phos- 
phate, but also contains calcium carbonate, and 
small amounts of magnesium, chlorine, and 
fluorine. Gabriel (Z. physiol. Chem. 1894, 18, 
257) states that potassium and sodium also 
occur. Traces of iron come from the blood in 
the bone, and of sulphate from chondroitin- 
sulphnric acid (Momer, ibid. 1897, 23, 311) of 
mucin. 

Investigators differ as to the manner in which 
the inorganic substances are combined. Chlorine 
and fluorine are present in the same form as in 
apatite (CaF 2 -3Ca 3 P 2 0 8 ), and according to 
Gabriel, the remaining mineral constituents form 
the combination CaC0 3 -3Ca 3 P 2 0 8 . He gives 
as the simplest expression for the composition 
of the ash of bones and teeth the formula 
Ca 3 (P0 4 ) 2 +Ca 5 HP 3 O l3 +H 2 O, in which 2- 
3% of the lime is replaced by magnesia, potash 
and soda, and 4-6% of the phosphoric acid by 
carbon dioxide, chlorine and fluorine. 

Zalesky’s analyses of the bone earth from 
different animals show how closely these agree 
in composition ; the results are summarised in 
the following table, the figures representing 
parts per 1,090. 


— 

Man. 

Ox. 

Tortoise. 

Guinea-pig. 

Calcium phosphate, Ca 3 (P0 4 ) 2 .... 

838-9 


859-8 

873-8 

Magnesium phosphate, Mg 3 (P0 4 ),. 

10-4 


13-6 

10-5 

Ca combined with C0 2 , F, and Cl ... 

76-5 

73-6 

63-2 

70-3 

C0 2 (partlv lost on calcining) 

57-3 


52-7 

— 

Chlorine 

1-8 


— 

1-3 

Fluorine 

2-3 


2-0 

— 


The various bones of the skeleton differ a good 
deal in the proportion of water, organic solids, 
and inorganic solids which they contain. 
This depends to some extent on the admixture 
of marrow, blood-vessels, and other formations 
from which it is difficult to free entirely the 
osseous tissue proper. The quantity of water in 
fresh bones thus varies from 14 to 44%, and 
of fat between 1 and 27%. The quantity of 
total organic substance varies from 30 to 52%, 
the remainder being inorganic. 

The marrow is from the chemical point of 
view mainly fat ; its cells yield protein and 
nucleoprotein. 

On a rough average it may be said that 
two-thirds of the solids consist of inorganic 
and one-third of organic compounds. 

With regard to the minute composition of 
bones at different ages, we have no very 
accurate information. Voit found in dogs and 
Brubacher in children that the water in the 
skeleton decreases and the ash increases with 
advance of years. Graffenberger's observations 
on rabbits confirmed this view. 


A great many experiments have been made to 
determine the influence of food — for instance, 
rich or poor in calcium salts — on the com- 
position of bone. The importance of a correct 
balance between the calcium and phosphate 
intakes has been emphasised. Of outstanding 
importance are the numerous researches which 
have culminated in establishing the essential 
action of vitamin D (calciferol, q.v.) in promoting 
normal ossification and in countering the 
disease of rickets. 

As regards the chemical mechanisms of 
ossification much remains to be discovered. 
But the researches of Kobison and his colleagues 
(Biochem. J. 1923, el seq.) show that the deposi- 
tion of calcium phosphate in bone is associated 
with the presence of a phosphatase. This bone 
enzyme splits off the phosphoric acid group of 
organic phosphates, such as glycero- and hexose- 
phosphoric acids. The great physiological 
importance of the bone phosphatase has been 
shown by Fell and Robison (Biochem. J. 1929, 
23, 767), who have demonstrated, in developing 
chick embryos, a close correlation between the 
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initiation of ossification processes and the first 
appearance of the enzyme. 

The calcifying mechanism of * hieh this enzyme 
is the basis is not entirely specific for the 
calcium salt of bone, although the properties 
of this salt are very specially appropriate 
to the function which it fulfils Thus deposits 
of the phosphates or carbonato phosphates of 
barium, strontium and magnesium have been 
produced in the matrix of hypertrophic cartilage 
by the phosphatase mechanism in ntro 

Much information ha3 been published regard- 
ing variations in chemical composition in 
different diseases of bone Thus in exostoses 
the morgamc material is usually increased , 
ui rickets and osteomalacia, the proportion of 
water and ossein to bone earth is raised The 
somewhat rare occurrence of a cunous protein 
(called Bence Jones protein, after its discoverer) 
in the urine is almost invariably associated with 
bone disease (osteomalacia, or malignant new 
growths) This protein in manv of its characters 
resezaUea a pro tense, hut jb probably derived 
from the mucin of os«eous tissue. 

On heating out of contact with air, bone 
evolves a large quantity of volatile matter (t>. 
Bose Oil) which contains ammonia, pyridine 
bases, pyrrol, nitriles, etc A black residue is 
left, consisting of the bone ash in association 
with carbon, which is called animal charcoal 
(St) 

The industrial uses of bone are very numerous 
and involve a large import trade , not only is 
the bone itself made mto many utensils, but the 
materials made from the bone (charcoal, bone 
ash, gelatin, etc ) are put to many uses. 

Thus animal charcoal or bone black is cm 
ployed m many chemical operations, in 6ugar 
refining, as a polish for silver work, etc. 

Bone meal and bone a'h are extensively 
employed as manure and in the preparation of 
the superphosphates of commerce 

The gelatin in an impure form is used in the 
preparation of paper, silk, furs, etc , and the 
purer varieties are also put to numerous uses, 
for instance, as a clarifying agent in the pre- 
paration of wines, beers, liqueurs, for food in 
the preparation of soup3, jellies, and puddings, 
in the making of photographic films, and in 
bacteriology for the preparation of culture 
media (see Merck's “ IVaren-Lexikon," arts. 
Knochen, Knochenasche, Knochenkohle, Knoch- 
enol ; H. Oat, “ Lehrbnch der Chem. Tech- 
nology,” 18th ed , 1932, arts. Knochenmehl, 
Knochenleim ; Dammer, “ Handbuch d. chem. 
Technology,” 1898, 5, art. Knochenver- 
arbeitung, 254). j p 

BONE ASH, BONE EARTH. Called 
hones (mainly calcium phosphate) used in the 
manufacture of a softer vanety of porcelain 
(Enghsh china) (i. Bose). 

BONE ELACK. The black residne of bone 
ash and carbon left after heating bones out of 
contact with air. 

BONE FAT i3 the fatty matter contained 
in the bones of animals (cattle) and is, com- 
mercially, a by-product in the process of working 
up cattle bones from the meat industry, whether 
they be required for the manufacture of fancy 
goods, o- bone char, or for the production of 


glue and gelatin. 1 For all these manufactures 
the degreasuig of the bones precedes all further 
operations. Fresh bones from the heads, nbs, 
shoulder blades, etc., of cattle contain from 
12-13% of fat, whilst the large thigh bones 
( ‘ marrow bonc3 ”) contain as much as 18-20%. 

Tho old process of recovering the fat by 
boiling out the broken bones with water in 
open vessels is now only used m small primitive 
establishments and, according to Zapoleon 
(“ Inedible Animal Fats m the United States,” 
Stanford Umv., 1929), to some extent in Ameri- 
can packing houses which deal with absolutely 
fresh bones. Only about one-half of the fat 
present in the bones can be recovered by this 
method, however, and the poor yield, coupled 
with nuisance due to the bad odours from such a 
method, led manufacturers in general to abandon 
“ open boiling ” in favour of proceases in which 
the bones are treated with open steam in closed 
vessels under low pressure (2-3 atmos) ; the 
time of steaming is made as short 39 possible 
so that only small amounts of the nitrogenous 
glue yielding constituents of the bones shall be 
extracted by the water, but the yield of fat is 
some 50% higher than by the ” open ” method, 
and only a few per cent, of grease remain in the 
treated bones. The quality of the fat obtained 
by either boiling process is about the same, the 
product varying from a pale, buttery fat of 
taint odour to a dark, rancid, malodorous 
ease according to the age and condition of the 
•nea employed. The best qualities of bone fat, 
including edible grades, are prepared by these 
methods, especially m the large packing houses 
of South and North America, where the bones are 
worked up in the fresh state : in order to obtain 
the best results, the bones are thoroughly 
washed before boding or steaming. Edible 
bone fat was aLo produced in Germany during 
the Great War (cf, Eckart, Z. Unters. Nahr. 
Genussm. 1922, 44, 1). Some manufacturers 
wash the bones with dilute sulphurous acid in 
order to check rnucidification and to obtain a 
whiter fat (and a better glue). Rendered bone 
fats can be bleached, but only the best qualities 
are likely to yield a good product. 

The highest yield of fat is obtained by 
extracting bones with an organic solvent, 
whereby the bone tissues remain unimpaired 
and the whole of the glue-y ieiding substances 
can be recovered after the fat has been removed 
The extraction process is particularly applied 
to degrease old and low-grade bones, and to 
remove the residual grease from “ packer ” 
hones which have been partially degreased by 
the boiling or steaming process : the solvents 
employed are almost exclusively petroleum 
spirit (“ benzine ”) or Scotch shale oil (b p. 
100°--130 C C.), although attempts have been 
made to use chlorinated hydrocarbon solvents 
Owing to the porous texture of the bone tissue, 
which tenaciously retains air vnthm the 
capillaries, the extraction of the hones is 
attended with some difficulty, even when, as is 
preferable, the bones have been dried (to a 
The feet (and. In the U S A., the shin bones) of 
cfttle and sheep are rendered separately as the liquia 
on obtained from the«e bones — the neat’! loot oil 
ot commerce — constitutes a more valuable product 
tnan ordinary bone fat. 
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water content below 10%) before treatment. 
Various devices to facilitate the penetration of 
the solvent, such as the introduction of it in the 
form of vapour, have been proposed (c/. von 
Girsewald, F.P. 430015 ; Savage, B.P. 278S91 ; 
Schlenker, Chem.-Ztg. 1929, 53 , 837 ; Gunther, 
ibid. 1930, 54 , 761). The fat obtained by 
the extraction process is dark-brown and has a 
penetrating, unpleasant odour : in addition to a 
considerable amount of free fatty acids, it may 
contain lime soaps, calcium lactate and 
butyrate, etc., and less volatile hydrocarbons 
derived from the “ benzine ” used as solvent, 
which are very difficult to remove, even by 
prolonged steaming. This grade of fat is very 
difficult to refine, as even when some immediate 
improvement is obtained, the colour and odour 
tend to “ revert ” after a short time. Volland 
(G.P. 2226C9) proposes to bleach extracted bone 
fat by means of barium peroxide : concentrated 
hydrogen peroxido is claimed to be an effective 
(although expensive) bleaching agent, and 
treatment with hypochlorous acid, alkali 
dichromate or activated bleaching earths has 
also been advocated (c/. E. T. Webb, “ Modem 
Soap and Glycerine Manufacture,” 1927 ; 
Uhl, Seifens.-Ztg. 1929, 56 , 211 ; Eckart, ibid. 
240). 

Whilst the bone fat obtained by the boiling -out 
or steam-rendering processes can be employed 
for the manufacture of soap, the fat obtained by 
solvent extraction is quite unsuitable for this 
purpose in this country ; on the Continent, 
however, such benzine-extracted grease is used 
in small quantities for inferior soaps, especially 
when the price of alternative fatty materials is 
high. The bulk of bone fat is, however, used in 
candle- and stearine-works, where it is hydrolysed 
by the autoclave or sulphuric acid process, the 
resultant fatty acids being purified by distilla- 
tion. Bone fats are also employed in the manu- 
facture of lubricating greases and stuffing 
greases. 0 

The chemical composition of bone fat lies be- 
tween that of marrow-fat and of tallow, the iodine 
value of fresh eattle-bone fat lying between 
45 and 60. Eckart (Z. Unters. Nahr. Genussm, 
1922, 44 , 1 ) records the following approximate 
composition for three samples of pure ox-bone 
fat : stearic acid 19-21%, palmitic acid 20-21%, 
oleic acid 53-59%, glycerol 5-10%, unsaponi- 
fiable matter 0-5% (cf. Fricke, Z. deut. Oel-u- 
Fett-Ind. 1923, 43 , 401). Linolic acid was not 
detected by Eckart, but Stadlinger and Tschirch 
(Chcm.-Ztg. 1927, 51 , 607 et seq.), who examined 
a number of purified samples of laboratory- 
prepared and commercial bone-fa+s by thio- 
cyanometric analysis, obtained results indicating 
the apparent presence of from 5 to 10% of linolic 
acid. 

The valuation of bone-fat is carried out in a 
similar manner to that of tallow, but special 
precautions are necessary in order to avoid 
complications due to the presence of large 
amounts of free fatty acids, calcium salts and 
calcium soaps which retain water teuaciously 
(cf. Lewkowitsch. “Chem. Tech, and Analysis 
of Oils, Fats, and Waxes,” 6th ed., 1922, 
2 , 759, Macmillan & Co.). Total fatty matter 
(including neutral fat, free fatty acids, 


and fatty acids derived from the lime soaps) 
may be determined by warming the fat 
(10 g.) on the water-bath for an hour (with 
occasional shaking) with a few drops of strong 
hydrochloric acid (in order to decompose any 
soaps present) and then extracting the fatty 
matter ■with light petroleum (Shukoff and 
Schcstakoff, Chem. Rev., Fett-u. Harz-Ind. 1898, 
5, 5, 21) ; any insoluble impurities can bo 
separated by filtration, and examined. Any 
lime present may be determined by an analysis 
of the ash. The determination of the un- 
saponifiable matter is important ; amounts in 
excess of about 2% must be regarded as an 
impurity, indicating the adulteration of the bone 
fat with wool grease or low-grade waste fats, 
etc., containing a considerable proportion of 
unsaponifiable material. 

B o n e O i 1 . — Fatty bone oil consists of the more 
liquid constituents of bone fat, which are 
separated from the higher melting components 
(“ stearin ”) by expressing slowly cooled bone 
fat in filter presses. Bone oil is used as a 
lubricant and to replace neat’s foot oil in the 
preparation of “ fat-liquors ” for the leather 
industries : a high-grade neutral bone oil is an 
excellent lubricating oil on account of its very 
low “ cold test.” (This fatty bone oil must not 
be confounded with. “ Dippel’s oil,” some- 
times also termed “ bone oil,” which is obtained 
by the destructive distillation of bones in the 
preparation of bone charcoal.) E. L. 

BONE OIL. Animal oil, Dippel’s oil. Oil 
of hartshorn. Oleum animale empyreumaticum. 
Oleum cornu cervi, Oleum Dippelii. ( Knochenol , 
Thierol, Ger.) 

The product obtained by the distillation of 
bones in the preparation of bone black or animal 
charcoal. The first mention of an animal oil 
appears to be in the writings of C. Gesner, 1552, 
and of A. Libavius (Alchemia Lib. II, Tract II), 
1595, whilst J. R. Glauber (1604^-1668) also 
describes the unpleasant-smelling oil derived 
from the distillation of animal parts. The first 
consistent steps in the examination of the oil 
were made by J. Dippel in 1711, and afterwards 
by O. Unverdorben (1826), who isolated from it 
four bases which he described as odorin, animin, 
olanin, and ammolin. The investigations of 
Anderson (Trans. Roy. Soc. Edin. 1849, 16 , 
123, 463 ; 1853, 20 , 247 ; 1857, 21 , 219) were 
the first in which the pure pyridine bases present 
in the oil were obtained. 

The bones are first boiled in a large quantity 
of water, which removes the greater part of the 
fatty matters ; they are then roughly dried and 
subjected to dry distillation in iron retorts, 
similar to those used in the manufacture of coal 
gas. E. Alexeevski (J. Russ. Phys. Chem. 
Soc. 1921, 53, 306) reports that a better yield is 
obtained using horizontal rather than vertical 
retorts. Bone black or animal charcoal remains 
behind, and bone oil distils. The products of 
distillation are conducted through long iron 
condensing tubes, and led into receivers, where 
the crude bone oil collects, together with water. 
The gases are then passed into a separator 
containing sulphuric acid to retain the ammonia, 
and can afterwards be used for heating purposes, 
or, if passed through purifiers, for illumination. 
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A typical analysis is as follows (Afexeevski, 

U.)t 

Bone charcoal CS-70% 

Bone oil ■ 5 3-6 8% 

Aromomacal liquor 17-18% 

Gases . ■ 5-8% 

The crude oil is separated from the aqueous 
distillate and is subjected to redistillation. The 
aqueous liquid consists of a solution of ammonium 
sulphide, ammonium thiocyanate and cyanide, 
ammonium carbonate, and small quantities of 
very volatile organic bases This is treated 
with auJpfcaneacid and afterwards distilled with 
flahcd-lime. The distillate, on treating with 
solid potash, yields large quantities of ammonia, 
whilst some od> bases separate out, and are after 
wards worked up with the bases contained in the 
erode oil. 

The crude oil is a dark brown, nearly black 
liquid, having a most offensive foetid odour, and 
sp gr 0 970 On subjecting it to redistillation it 
begins to boil at 60°, when quantities of ammonia 
come over together wit! A an an* Tie temperature 
rises very gradually to about 250°. From 180° 
upwards the distillate contains large quantities 
©/ammonium cyanide and ammonium carbonate 
which tend to choke the condenser. A black 
resinous tar remains, which is employed in 
making Brunswick black. 

The following substances have been isolated 
from bone oil by fractional distillation combined 
with treatment with acids to separate basic from 
non basic constituents 

Chit/ Constituents Subsidiary Constituents. 
Butyromtnle. Mcthylamine. 

Valeromtnle Etbylamine 

Ilexomtrile. Aniline. 

/aobexomtnle. Pyndme 

Dcconitnle. Mctbylpyndine 

Palmitonitnle. DimethyJpyndine. 

Stearonitnle. Quinoline. 

Pyrrole Phenol. 

Methylpy rrole Propiomtnle. 

Dimethy Ipyrrole Valeramide. 

fC(H.. Toluene. 

IS =■•*}■• E' 1 '*","”'- 

l c n“is Naphthalene. 

(Wcidel and Cnmieian, Ber. 18S0, 13, 65.) 

As to the formation of the various compounds 
In bone oil, the nitnles are formed by the 
action of ammonia on the fatty acids, pyrrole 
and the pyrroles are the products of decomposi- 
tion of the gelatinous "jbstanccs, and pyridine 
and its derivatives are condensation products of 
acrolein, from the dry distillation of the fats, 
with ammonia, mcthylamine, etc. 

BORACIC ACID or BORIC ACID v. 
Bobos. 

BORAC1TE. Borate and chloride of mag- 
nesium, GMgO MgCI,-8B t O, a forming small, 
bright, sharply developed cubic crystals of 
tetrahedral symmetry, in which the cube faces 
usually predominate. The crystals are interest- 
ing on account of their strong pyro electrical 
characters, and the optical anomalies which they 
exhibit. Each cubic crystal is built up of 
twelve rhombic pyramids, the bases of which 


coincide with the twelve faces of the rhombic- 
dodecahedron and the apices meeting in the 
centre of the group. At a temperature of 
265® the birefringence and twin-lamella dis- 
appear and the crystal is then truly cubic. This 
affords a good example of an enantiotropic 
change m state, the cubic modification being 
stable only’ above this temperature. Tho 
crystals usually occur embedded in gypsum, and 
are bounded on all sides by bright facets. 
Sp gr 2 9-3 0, H. 7 (as high as that of quartz). 
They ore found in considerable numbers at 
Luneburg, in Hanover, and at Stassfurt, and 
elsewhere m the Prussian salt-deposits. A 
massive earthy variety, known as “ stassfurt- 
lte,” occurs as nodules at Stassfurt m 
quantities sufficiently large for collecting for 
commercial purposes. L. J. S. 

BQRAL. Aluminium boro-tartrate. 

BORAX. As a mineral, borax, 

Na 2 B,O 7 ,10H 2 O, 

ts &and as an effloresces ice and as mono- 
clinic crystals, sometimes of considerable size, 
on the shores of the salt lakes of Tibet and 
California. In San Bernardino and Late 
counties in California there are several places 
know** as “ Borax Lake ” ; but most of the 
borate commercially mined in this region 
belong to other species (ulexite, colemamte, etc.). 
The Tibetan deposits extend from the lake- 
plain of Pugha in the west to the lakes of 
Tengri Nur in the east, and formerly, since very 
early times, much crude material was exported 
under the name of tincal (v. Bobos). L. J. S. 

BORDEAUX MIXTURE. A mixture of 
hme find copper sulphate used as a fungicide. 

" SOR1C ACID PHOSPHORS” t. 
Bobon, Bobic Acid. 

“ BORNEO-CAMPHOR ” v. Bobneol. 

BOrnEOL and /soBORNEOL. 

H,C — CMe — CH-OH 

\ In 


CMe, 


Jh, 


The secondary alcohol, borneol, CioH ls O, 
owing to its highly’ crystalline form, was early 
recognised as a constituent of essential oils and 
it was frequently confused with camphor. 
d-Borneol, “ Bomeo-camphor,” forms the main 
constituent of the oil from Dryobalanops aroma* 
tica, Gaertn, I -borneol or “Ngai camphor” 
occurring in the oil from Blumea balsamifera. 
Both of the optically active modifications and 
abo the racemic form have been found in 
numerous other oils. 

The presence of isobomeol has only been 
recorded in one essential oil, namely, that from 
Junxperut tzulsa (Rutovski and Vinogradovo, 
1028, B. 768). 

Borneol crystallises in the hexagonal system 
and it resembles camphor in its odour. The 
J - and l- forms have m.p. 208 5®, lip. 2J2®, 
‘Jd ±37 D2® (in toluene) ; dl-borneol has 
1 P- 210-3®, d- and I- iaobomeoJs melt at 214®, 
Mn i34 1® (in ethyl acetate). Borneol and iso- 
borneol are most conveniently identified by the 
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preparation of the p-nitrobenzoates, melting 
respectively at 137° and 129° (Henderson and 
Heilbron, Proc. Chem. Soc. 1913, 29, 281). 

The configuration of the alcohols has been the 
subject of much discussion, but the investiga- 
tions of Asnhina and Ishidate (Ber. 1935, 68 [BJ, 
555 ; 1936, 69 [B], 343) and of Komppa and 
Beckmann (Annalen, 1936, 522, 137) show that 
borneol has the endo- configuration (I) and iso- 
borneol the e.ro- (II), thus confirming the 
structures suggested by Vavon and Peignier 
(Bull. Soc. chim. 1924 [iv], 35, 925 ; 1926 [iv], 
39, 924). 

.OH ..H 


H,C — CMe — C< 


H 2 C 


CMe, 

-Ah- 


\ 


HoC — CMe — Cf 


H 


CH, 


A 


Me, 


\0H 


H 2 C— CH — CH 2 

II. 


There are available a large number of methods 
for the preparation of the borneols. Their 
formation by the reduction of camphor with 
sodium and alcohol (Jackson and Menke, 
Amer. Chem. J. 1884, 5, 270) and by the catalytic 
hydrogenation of the ketone in the presence of 
platinum black, when isobomeol forms approxi- 
mately 80% of the product (Vavon and Peignier, 
Bull. Soc. chim. 1924 [iv], 35, 925), provides 
conclusive proof of their constitution. Of 
fundamental importance was the observation of 
Bouchardat and Lafont (Compt. rend. 1887, 
104, 1717 j Bull. Soc. chim. 1887 [ii], 48, 781 ; 
Ann. Chim. Phys. 1886 Xvi], 9, 509 ; 1888 [vi], 
15, 145 ; 1889 [vi], 16, 230) that a mixture of 
the alcohols was obtained by the hydration of 
oil of turpentine (a- and /9-pinextes). In their 
original experiments Bouchardat and Lafont 
showed that when oil of turpentine was heated 
at 100° with glacial acetic acid a mixture of 
bornyl and tsobornyl acetatos was formed, the 
alcohols being optically active. fsoBorneol is 
obtained also, together with some borneol, by 
the hydration of campheue as was first observed 
by Kacliler and Spitzer (Annalen, 1879, 200, 
340). The hydration of the pinenes and of 
campliene, so largely utilised in the manufacture 
of the borneols, an intermediate stage in the 
manufacture of “ synthetic ” camphor (q.v.) has 
formed the subject of intensive study and the 
use of a great variety of reagents has been 
suggested (see Cornubert, “ Le Camphre et ses 
Derives,” pp. 49 et seq. ; Aschan, “ Naplithen- 
verbindungen, Terpene, und Campherarten,” 
p. 163). The conversion of a- and fi-pinene (III) 
and (IV) and of eamphene (V) into the alcohols 
involves a IVagncr-Meerwein . rearrangement 
and attention is directed to the investigations of 
Mecrwein and his collaborators (inter alia, 
Ber. 1920, 53 [B], 1S21 ; 1922, 55 [B], 2506) which 
have shown the alcohols, borneol, tsoborneol, 
and eamphene hydrate to be tautomerides. 


H,C— CH— CMe 2 

CH 2 

| 

H 2 fc— CH— fc:CH 2 
V. 


The borneols are oxidised very readily to 
camphor. Technically a catalytic process is 
employed with a nickel catalyst containing 
about 10% of cobalt or iron oxide at a tem- 
perature of approximately 200°, when the yield 
of camphor approaches 97%. Oxidation of 
bornyl acetate with chromic acid gives hydroxy- 
epicamphor (Schrotter, Monatsh. 1881, 2, 

224 ; Bre'dt and Goeb, J. pr. Chem. 1921 
[ii], 101, 273). By the action of hydrogen 
chloride in acetic acid on bornyl and isobornyl 
acetates bornyl and tsobornyl chlorides are 
formed (Kondakov and Sehindelmeiser, J. 
pr. Chem. 1907 [ii], 79, 569). Dehydration of 
the alcohols results in the formation of eamphene, 
the loss of water proceeding somewhat more 
readily in the case of borneol. J. L. S. 

BORNEO TALLOW (Tengkawang-, Seng- 
Icawang-fat : Malay Minyak Tengkawang) is 
a generic term applied to the fats obtained from 
the kernels of a number of closely allied Wees 
of the genera Shorea 1 and Isoptera (Fam. 
Dipterocarpacese), all of which are indigenous to 
the Sunda Islands, Malaya and Indo-Clnna. The 
five species, S. stenoptera Burck, S. lepidota Bl. 
(=£. aptera Burck), 8. Gysbertiana Burck, 
S. Thiselloni King, and Isoptera borneensis 
Scheff, may be mentioned as the most important 
sources of commercial Borneo tallow, but it 
has been stated that as many as eighty 
“ varieties ” of “ tengkawang ” are recognised 
by the natives (cf. A. J. Bal, “ Do Tengkawang 
in de Westafdeeling van Borneo ” ; Landbouw, 
Buitenzorg, 1933, 9, No. 5, 211 (summary in 
Bull. Mat. Grasses, 1934, 18, 165); Heyne, 
“ De Nuttige Planten van Niederlandsch 
Indien,” 1927, vol. II). 

The fruits are collected and shelled by the 
natives, as only the kernels are exported. 
In order to facilitate the removal of the hard 
fruit-shells, these are softened by soaking tho 
fruits for a few weeks in running water (which 
also effectively kills any insect parasites), or 
by storing the fruits in heaps in a moist place 
until germination begins and the shells become 
ruptured by the young growing shoot ; in some 
districts the nuts are smoked. The separated 
kernels are split and dried in the sun and 
constitute “ padi tengkawang ” or the so-called 
(Borneo) Hiipo Nuts 2 of commerce, which are 
exported to Europe (mainly via Singapore) for 
expression. Various commercial varieties of 
Shorea nuts are described in the trade as “ Large 
Black Pontianak Hlipe Nuts,” “Small Black,” 
and “ Large ”and“ Small ” “ Brown Pontianak 


HC — CMe=CH 

!\ l 

I CMe, I 

I I ' ! 

H,C— CH — CH 2 
III. 


HC — C(:CH 2 ) — CH„ 

\ ( 

CMe, ; 

I ‘ ! 

H 2 C— CH CH 2 


IV. 


1 Shorea trees are also sources of resins of the 
dammar class (cf. Wiesner, “Kohstoife des Pllanzen- 
rciclies Heyne, ” l)e Nuttige Planten van Nieder- 
landsch Indien," 1927). 

2 These “Il)ip£ Nuts” and “ Hlipe ( ^Borneo) 
tallow” must not be confounded with the true “illipd 
nuts” of India which furnish the softer “illip^ 
butter,” and are derived from the tree Bust in lonffi- 
folia L., N.O. Sapotacece. See BassIA Pats. 
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HLpc Nuts.” end “Large” and Small 
“Sarawak Elipe Nuts,” the “black” grades 
being the higher quality and richer m fat. Com- 
mercial ilhpc nuts also include “ Small Siak 
Illipe Nuts,” which are smaller kernels derived 
from one or more species of the genus Pola 
qutum (probably chiefly Pal. oblongifohum 
Burck), 1 which are trees belonging to the same 
botanical family, viz. Sapotaceas, as the true 
Indian illip6 (see Bassia Fats), Palaquium 
kernel fat should properly be termed Njatua 
tal low (Malayan “ Minyak Ny atoh ”) or Taban 
Merah fat. 

The tengkawang kernels contain from about 
43 to 61% of fat, according to the species and 
quality. A certain amount of the fat is pre- 
pared by the natives for local use as food by 
boiling out the pounded kernels with water ; 
commercial Borneo tallow is, however, pro- 
duced in Europe by expression of the kernels, 
the export of the fat having practically ceased 

Borneo tallow expressed from Shorea kernels 
is a hard non-greasy fat, melting at 28°~3S‘C. 
and possessing a not unpleasant odour, and a 
pale green colour which may fade to a pale 
yellow and ultimately to white on prolonged 
exposure to light. Apart from its colour, 
Shorea fat closely resembles cacao fat (g v ) in 
physical properties . in particular, it displays 
a similar combination of a low melting point 
and a characteristic bnttle consistency (“ snap ”) 
which renders it valuable as a substitute for 
cacao butter in the manufacture of chocolate 
and confectioner} . For the detection of Borneo 
tallowin cacao fat, see Tate and Pooley (Analyst, 
1921, 46, 229) ; Knapp, Moss, and Melley (tfiid. 
1927,52, 452). Whilst the l’ontianah and 
Sarawak nuts are almost exclusively employed 
for such edible purposes, the white fat from the 
Si ak varieties is at present mostly consumed 
in the manufacture of soap , it would appear 
from the study of the constitution of this fat by 
Hilditch and Stamsby (J.S C I 1934, 43, 199) 
that Palaquium fats might also be usable as 
substitutes for Borneo tallow in confectionery. 
According to Heyne, however, the native- 
prepared balam fat (from Pal. tcaUurtfohum 
Pierre) has a bitter taste and is unsuitable for 
edible purposes. 

The iodine value of Borneo tallow is about 
28-35; the fatty acids have a high melting- 
point, viz. 52-58°C. In the case of a sample of 
Borneo tallow, m.p. 36-36 5 C C , iodine value 32 3, 
examined by Hilditch and Pnestman (J S.C.I. 
1930, 49, 197T), the fatty acids had the follow- 
ing composition : mynsttc acid 1 5%, palmitic 
acid 21 6%, stearic acid 38-7%, and oleic acid 
33-2%. As in the analogous case of cacao 
butter (j.v.), the peculiar physical characters of 
Borneo tallow, to which it owes its use as a 
chocolate fat, are a consequence of its com- 
paratively simple glycendic composition and 
the predominance of the mixed glyceride, oleo- 
palmito-steann, which, together with oleo- 
distearin and oleo-dipalmitin, constitutes from 

1 This Is now considered to be a race of the gutta- 
percha tree Pal gvtta Burck (ef. Heyne " De Kuttige 
Planten van Mederlandsch Indien" 1927). The fats 
from Pal. Burckn lam. and Pol ten Isunfolium Pierre 
are known by the native names of ’‘soentai*’ 

balam fats respectively. 


78 to 87% (probably at least 85%) of the fat ; 
about 4 5% of fully satuiated glycerides, and 
only minor amounts, if any, of di oleoglycendes 
and triolein, are present (Hilditch and Pnestman). 

Individual fats from Shorea Gysbertiana 
Burck, Ieoptera borneensis ScheS (“ Teglam 
fat ”}, and Sh. Thtseltoni King, have been 
described by Brooks (Analyst, 1909, 34, 200, 
Spnnkmey er.and Diedrichs (Z. Unters. Nahr. 
Genussm. 1912, 23, 589), and Georgi (Malay. 
Agnc. J 1924, 12, 77). 

Njatua tallow (“Minyak Nyatoh Pala- 
quinrrt fat (m p 38°-42°C., iodine value 36-46 } cf 
Bull. Imp Inst. 1915, 13, 335 ; Georgi, Malay. 
Agnc J. 1923, 11, 38 ; Hilditch and Stamsby, 
J S C 1. 1934, 43, 199) has a higher melting point 
and contains a higher proportion of stearic acid 
than the Shorea fats, as is shown by the following 
analysis of the fatty acids of a sample of Njatua 
fat (probably from Pal. oblongifohum) by Hilditch 
and Stamsby ( Ic .) : mynstic acid 015% 
palmitic acid 5 9%, stearic acid 54 0%, oleic 
acid 39 7% ; the fat contained about 77% 
of mono-oleo disaturated glycerides (mainly 
oleo distearin) and about 21% of di oleo- 
stearm. E. L 

BORNESITOL, C.H,(OH) s OMe, mp. 
199°, [o] D +31 6°, is the monomethyl ether 
of x inositol which is present in Borneo rubber 
latex It is isomeric with sequoyitol. 

E. F. A. 

BOR N I T E . A sulphide of copper and iron, 
of importance as an ore of copper (Cu 45-71%). 
On a freshly fractured surface the colour is 
dark bronze, but this quickly tarnishes to purpfa 
or deep reddish ; hence the names purple 
copper-ore, variegated copper-ore (Buntkup- 
fererz), erubescite, and the Cornish miner’s 
name hoise flesh ore. Further alteration pro 
duces a black sooty coating. The massive ore 
is always much intermingled with chalcopynte, 
and even the rarely occurring cubic crystals 
usually contain a nucleus of chalcopyrite 
The exact composition of the mineral has 
therefore long been doubtful ; analyses by 
B J. Harrington (1903) and E. T. Allen (1916) 
of carefully selected material gave the formula 
Cu,FeS. ; this is the bomite of W. Haidinger 
(1845). Bormte of F. S. Beudant (1832) is an 
obsolete synonym of tetradymite or telluric 
bismuth L. J. S. 

BORNYL CHLORIDE and /soBORNYL 
CHLORIDE. 

H 2 C — CMe — CHCI 
I CMe. 


H 2 C— CH — Ch. 

The chloride, now known as bomyl chloride, 
was prepared first by Kindt in 1S02, who 
observed that when hydrogen cblonde was 
passed into oil of turpentine a crystalline 
substance separated to which he gave the name * 
“ artificial camphor.” It was known sub 
sequently as “ pinene hydrochloride ” and 
regarded as a true derivative of pinene although 
the researches of Berthelot (Annalen, 1859, 
110, 37 5 Compt. rend. 1862, 55, 496) and of 
Riban (Ann. Chim. Phys. 1875 [v], 6, 23, 363) 
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rendered this extremely improbable. The true 
pinene hydrochloride was prepared by Asehan 
(Of vers. Einska Vet.-Soc. 1914, 57, No. 11) and 
by Meerwein and Emster (Ber. 1922, 55 [B],- 
254). 

i'soBomyl chloride was obtained first by 
Berthelot (l.c.) by the action of hydrogen 
chloride on camphene. 

Bornyl chloride crystallises in leaflets, m.p. 
132°, b.p. 207°-208°, [o] D ±33-5° (in alcohol). 
nsoBomyl chloride melts at 161-5° although lower 
melting-points have been recorded, since it is 
very difficult to obtain this chloride quite free 
from traces of camphene hydrochloride and 
bornyl chloride. It appears doubtful if it has 
been obtained optically pure. 

Since the two chlorides can be prepared 
respectively from borneol and fsobomeol (q.v.) by 
replacement of the hydroxyl groups by chlorine, 
as was first observed by Wagner and Briclcner 
(Ber. 1899, 32, 2302), it follows that they must 
be the endo- and exo- forms represented by (I) 


and (II). 



,CI 



H 2 C— CMe— C< 

J | 'H 

h 2 c- 

-CMe— C 
| 

CMe, I 

1 


CMe 2 

H 2 C— CH — CH 2 

h 2 c- 

— CH — C 


I. II. 

H,C — CH — C'Me 2 

I 

ch 2 

H 2 C— CH— CMeCI 

EH. 

The formation of bornyl chloride from pinene 
and of t.sobomyl chloride from camphene 
involves a Wagner-Meerwein change, and, as 
Meerwein and Emster (Ber. 1920, 53 [13], 1821 ; 
1922, 55 [B], 2056) have shown, bornyl chloride, 
twbomyl chloride, and camphene hydrochloride 
(III) are tautomerides. This explains the 
difficulties encountered in their purification. 

In view of its industrial importance, the 
best conditions for the preparation of bornyl 
chloride from pinene have been carefully studied. 
It is essential for high yields that both the 
hydrogen chloride and the hydrocarbon should 
be rigorously dried and also that the tempera- 
ture during the passage of the gas should not 
exceed 30°. Vigorous stirring also improves the 
yield. As a general rule this is approximately 
55-65%, although yields up to 75-85% have 
been obtained in the laboratory (Pariselle, 
Compt. rend. 1923, 176, 1901). Bornyl chloride 
can be obtained also by the action of hydrogen 
chloride or phosphorus pentachloride on borneol. 

isoBomyl chloride is prepared most con- 
veniently by the action of hydrogen chloride on 
camphene. Th? primary product of the reaction 
is here camphene hydrochloride, but this 
substance isomerises readily. If, therefore, the 
reaction is carried out in either ethyl or methyl 
alcohol solution fairly pure fsobomyl chloride 
crystallises out. The chloride can be obtained 
Vol. II.— 3 


also by the action of hydrogen chloride or 
phosphorus pentachloride on isoborneol. 

Elimination of hydrogen chloride from either 
of the chlorides gives camphene, the loss of 
hydrogen chloride occurring with somewhat 
greater facility from iaobomjd chloride. Whilst 
this elimination can be effected with all alkalis, 
technically sodium stearate, phenate or 
cresolate are as a rule used ; the reaction is 
carried out under pressure at a temperature of 
about 200°. The yield of camphene is in the 
neighbourhood of 90%. 

The chlorides are highly resistant to oxidising 
agents. With nitric acid they give ketopinic 
acid (Armstrong, J.C.S. 1896, 69, 1397) and 
camphoric acid (Gardner and Cockbum, ibid. 
1898, 73, 278). Reduction of either of the 
chlorides gives the parent hydrocarbon, 
camphane. J- L- S. 

BORNYLENE, 

H 2 C— CMe — CH 
CMe 2 

H 2 C— CH CH 

The hydrocarbon, bornylene, which does not 
appear to occur in nature, is known in both 
optically active modifications ; d-, m.p. 113°, 
b.p. 146°, [a] D — 2T69° (in toluene, c, 10-45) ; 
1-, m.p. 109°-109-5°, b.p. 146-5°/756 mm., [a] D 
+ 19-29° (in toluene, c, 12-75). It can be readily 
characterized by the preparation of the nilrosite, 
m.p. 163° (Henderson and Heilbron, J.C.S. 
1911, 99, 1891). Although bornylene was pre- 
pared as long ago as 1879 by Spitzer (Annalen, 
1879, 197, 129) by the action of sodium on 
2:2-dichlorocamphane, pure Z-bomylene was 
first obtained by Bredt and his collaborators 
(Annalen, 1909, 366, 1 ; J. pr. Chem. 1911 [ii], 
84, 778 ; 1931 [ii], 131, 137) by the action of 
heat on the sodium salt of d-2-bromocamphane- 
3-carboxylic acid (I). The yield is, however, 
poor. The hydrocarbon can be obtained also, 

H 2 C— CMe— CHBr 

I 

CMe 2 

H 2 C— CH — CH-C0 2 H 

I. 

H 2 C— CMe— CH-OCS 2 Me 
CMe, 

I 

H 2 C— CH CH 2 

II. 

in a somewhat less pure form, by the distilla- 
tion of methyl bornyl (or tsobomyl) xanthate 
(II) (Tsehugaev, J. Russ. Phys. Chem. Soc. 1900, 
32, 332). Bornylene prepared by this method 
is contaminated with tricyclene, which can, 
however, according to Henderson and Caw 
(J.C.S. 1912, 103, 1416), be removed by oxida- 
tion with hydrogen peroxide. The hydrocarbon 
obtained by this method is opposite in sign to 
the alcohol used for its preparation. Bornylene 



BORNYLEXfc. 


is formed aLo in a number of other reactions 
(Gngnard, Bellot, and Courtot, Ann. Chun. 
Phys. 1919 fix], 12, 374 , Aschan, Ber 1912, 45, 
2396 ; Ruzicka, Heir Chun. Acta, 1920, 3, 
745). On oxidation bomylene yields cam- 
phoric a cid, thus confirming the structure assigned 
to it. J. L S 

cpoBORNYLENE. 

H,C— CH— CH 


HjC — CH — CH 

This hydrocarbon, C 8 H M , mp 35 5°-36 a , 
bp. 136 3 — 137°, 753 mm , is lormed when methyl 
camphendyl xantbate 1 1) is distilled (Wagner 
and Lemiachewski. BeiLtem, ' Handbuih der 
Orgamschen Chemie, 4th ed , 5, 123) and also 
when camphemlyl chloride (II) is warmed with 
potassium phenate (Lapp and Darnels, Ber 
1936, 69, £B], 5S6). In both these reactions 

H,C— CH— CMe* 

^H, 

HjC — <^H — CH OCSjMe 

I. 

H t C— CH— CMe. 

I ^ H * | 

HjC— CH — CHC1 

n. 

H.C— CH COjH 
CMe. 

H 2 C— CH C0 2 H 
HJ. 

a Wagner-Meerwein rearrangement is imolied. 
On oxidation with potassium permanganate 
the hydrocarbon yields cis apocamphoric acid 
(HI). J. L. S 

BORNYVAL. Trade name for bomyl 
wovalerate, CHMeyCH, COjCjpHj-, bp 
255°-260'’. Used in the treatment of nenr 
asth®ma. 

BORNYVAL, NEW. Neobomyval. 
Bomyl »«o valeroy Igly eo Hate, 

CjHgCO OCH, COOC 10 H 17 . 
a substitute for Bomy val (q v ). 

BOROCA1NE. A bone acid salt of 
/J-dietbylaminoethyl p-aminobenzoate (pro- 
caine, norocamc, ethocaine), 

( Cj ,H 1(I 

Local anaesthetic. fi-Borocaine, 

CuHjiNOfSHBO*, 

a boric acid salt of benzamine (beta Caine, 
*-acaine), 4.benzoylaxy-2.2.6-trimetby 1- 
pipendinc (Extra Phamiacopceia, 1932-1935). 

BOROCARBON. Trade name for corun- 
dum. 


BORO-GLYCERINE. A mixture of glj. 
certl borate, glycerol, and boric acid containing 
about 60% hone acid, prepared by heating 320 g, 
boric acid with 640 g. gly cerol to a temperature 
below 150° until the total weight u 850 g., and 
after coohDg adding 100 g. bone acid. (B P.C 
1934 ) 

BORON, so named by H. Davy in 1812, 
is the element of atomic number 5 at the head 
of the third group of the periodic table. Its 
atomic weight is 10 82, resulting from the 
presence of two isotopes 10 B and 11 B in boron 
and all its compounds. Boron is tnvalent in 
the borates and in BCI 3 , but not in the bondes 
of the senes B e X (where X i3 mono-, di- f tn , 
and tetra valent), and m the hydrides B.H, and 
B,Hio “ The electronic structure of these hy- 
drides is still uncertain, but there seems to be no 
escape from the view that some of the hydrogen 
boron attachments are singlets involving 
only one electron. As each singlet is equivalent 
to half a co valency it may be said that the 
theory of integral valencies which was founded 
by Jvekuld on the hydrocarbons has now 
foundered on the hydroborons.” (G. T. Morgan 
"A Survey of Modem Inorganic Chemistry," 
Inst. Chem. Lecture, 1935, 5G ; cf. W. Wardlaw, 
Ann. Report Chem Soc. 1934, 110; Morgan and 
BurstaU, “Inorganic Chemistry,” p. 87, fleffer, 
Cambridge, 1936.) 

Boron does not occur in the free state. Crude 
bora* or tincal, Na.B 4 O,,10H 2 O, came to 
Europe from Asia m the Middle Age3. In 1702 
Homberg separated from it a substance which he 
named sal sedalirum ; this was recognised as the 
acid of -borax by Baronin 1747. ( For the biston' 
of boron, see J. XV. Mellor, “ Inorganic 
Chemistry,” 1924, V, 1.) The element was 
isolated but not at first studied by H. Davy, 
who electrolysed moist boric oxide (Phil. Trans 
1803, 98, 43 ; 1809, 99, 75). Gay-Lussac and 
Thenard (Ann. Chirn. Phys. ISOS [i], 68, 169) 
heated boric oxide with potassium in a copper 
tube and published the earliest description of the 
properties of the element. Berzelius determined 
the proportion of oxygen in boric oxide (Pogg 
Ann. 1824, 2, 113), and Avogadro (Mem. Accad 
&ci. Torino, 1821, 26, 1), reasoning from J 
Davy’s ^alue for the vapour density of boron 
fluoride (PhiL Trans. 1812, 102, 366) deduced its 
formula to be B F s and that of boric oxide as 
B.Oj. and thus enabled many boron compounds 
to bo formulated. 

OCCUBKE5.CE. 

Boron is widely* diffused in nature although 
its total proportion in the earth’s crust («ea 
included) was estimated by F. W. Clarke 
and H. S. Washington (Pro;. Nat. Acad. Sci. 
Washington, 1922, 8, 114) as not exceeding 
10 p p m. Ocean water contains 15 g. BjO s per 
cubic metre according to K. Bach (Nature, 1933, 
131, 6S8), a quantity sufficient to influence the 
carbonic acid equilibrium. V. H. Goldschmidt 
and C. Peters (Nachr. Ges. Wiss. Gottingen, 
1932, 402, 528) found 0 I % B 2 0 3 m argillaceous 
sedimentary rocks, 0 001% in granites, and a 
smaller percentage, 0 0005% m meteorites. 
Boron lines have been observed in the spectrum 
of sunspots (S. Nicholson and N. 6. l’crrakis, 
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J. Phys. Radium, 1929, [vi], 10, 49). It appears 
to be a constituent of all vegetable and animal 
organisms (cf. Ash, Boron). It is found in 
fruits, common vegetables, fungus, flour, 
tobacco, hops, beer, grapes, wine, etc. (Jay, 
Compt. rend. 1895, 121, 896 ; 1914, 158, 357). 
Fruits contain 28-112 mg. boric acid, H 3 B0 3 
per kilo of dry material, wheat flour 2-8 mg. 
(G. Bertrand and H. Agulhon, Compt. rend. 
1914, 158, 201 ; G. Bertrand and de Waal, ibid. 
1936, 202, 605). They found in 1 kg. of fresh 
material, horse muscle 0-07 mg., rabbit muscle 
0-16 mg., white of egg 0-79 mg., yolk 0-45 mg., 
beetroot 432 mg. Cow’s milk contained 1-1 mg., 
human milk 0-45 mg. boric acid per litre (Bull. 
Soc. chim. 1914, [iv], 15, 292). S. Dodd 
(Analyst, 1927, 52, 459) found 0-01% boric acid in 
chocolate and 0-02 to 0-08% in cocoa beans and 
cocoa. 

A small proportion of boric acid is of critical 
importance for the growth of plants, even 0-5 
mg. per litre of nutrient medium had a marked 
effect on the development of the tropical lily 
Xymphsea, T. Schmucker (Naturwiss. 1932, 20, 
839). A deficiency in boron is associated with 
diseased conditions in apples, sugar beet, com, 
turnips and tomatoes. Growth is, however, 
inhibited by excessive amounts of boric acid. 
With lettuce 0-4 to 0-7 p.p.m. in the culture 
gave vigorous growth ; concentrations of 1-0 to 
2-5 p.p.m. were increasingly toxic (J. S.McHargue 
and It. K. Calfee, Plant Physiol. 1933, 8, 304 ; 
see also L. G. Willis, “ Bibliography of Refer- 
ences to the Literature on the Minor Elements 
and their Relation to the Science of Plant 
Nutrition,” 1935, 275, with many references to 
boron). 

The use of boric oxide as a food pre- 
servative is now illegal in Great Britain (Statu- 
tory Rules and Orders, 1925, No. 775 ; 1926, 
No. 1557 ; 1927, No. 577 ; Public Health 
(Preservatives, etc., in Food) Regulations, 
1925). 

Boron Minerals and Sources . — Boric acid or 
boracic acid, H 3 B0 3 , occurs as the mineral 
sassolite, triclinic crystals, found in volcanic 
craters and abundantly in solution in the 
Tuscan lagoons, whence it is extracted. Borax 
(q.v.), Na 2 B 4 O 7 ,10H 2 O, is deposited by the salt 
lakes of California and Tibet. Colemanite, 
a hydrated calcium borate, Ca 2 B 6 0 n ,5H 2 0 
(California), ulexito or boronatrocalcite 
Iq.v.), NaCaB 5 0 9 ,8H 2 0 (Chili, Argentine), 
and pandermite, Ca 6 B 12 0 23,9 H 2 0 (Turkey) 
are mined and exported. Borocalcite, 
CaH 2 B 4 0 8 ,3H 2 0, and laderellite, an ammo- 
nium borate, (NH 4 ) 2 (B 5 0 8 ) 2 ,5H 2 0, are 
found in Tuscany. Boracite {q.v.) collected 
and marketed in Stassfurt has the formula 
(Mg 3 B 8 0 15 ) 2 MgCI 2 . Magnesium borates, 
considered to be transformation products of 
boracite, are pinnoite, MgB 2 0 4 ,3H 2 0, ascharite, 
MgHB0 3 , and kaliborate, j 

KMg„B n 0 19 ,8H 2 0. 

The gem tourmaline is a complex borosili- 
catc of aluminium (for boron minerals v. Doelter, 
Mineralchemie, 1926, III, ii, 375-435). The 
fumaroles or soffioni, jets of superheated steam 
(100° to 190°) escaping from the earth in Tuscany, 


are an important source of boric acid, the 
condensed water deposits about 7 g. per litre of 
boric acid, and retains in solution about 0*5 g. 
The jets are piped and drive turbo-generators 
and thus furnish electric power for the district 
(P. Ginori-Conti, “ Utilizzazione dei soffione 
boracifera di Larderello ad cnergia industriale,” 
Florence, 1917 ; G. Ginori-Conti, “ L’industria 
boracifera. I progress idelT industria chimica 
italiana nel 1° decennio di regime fascista,” 
ed. D. Marotta, Rome, 1933). 

Preparation. 

H. Davy (Phil. Trans. 1809, 99, 37) obtained 
boron on the cathode as a dark combustible 
powder when moist boric oxide was electrolysed 
between platinum poles. A long series_of 
methods then followed in which powdered fused 
boric oxide was heated with reducing agents. 
Gay-Lussac and Thenard (l.c.) heated a mixture 
of boric oxide and potassium in a copper tube. 
The method was modified by Berzelius (Pogg. 
Ann. 1824, 2, 139). F. Wohler and H. St. Claire 
Deville employed a mixture of boric oxide and 
sodium which was covered with sodium chloride 
and heated in an iron crucible (Compt. rend. 
1857, 45, 888). H. Moissan found that the boron 
obtained by these methods was very impure, 
even after repeated extraction with boiling 
hydrochloric acid. A product prepared by 
Wohler and St. Claire Deville’s method con- 
tained only 71-97% B (Ann. Chim. Phys. 1895, 
[viij, 6, 299). W. Kroll (Z. anorg. Chem. 1918, 
102, 10) improved the sodium reduction method 
by the substitution of a nickel crucible for iron, 
the employment of a lower temperature and the 
exclusion of furnace gases. The product purified 
by extraction with hydrochloric and hydro- 
fluoric acids contained 0-1% nickel and 3-8% 
sodium but as much as 20% oxygen. With 
calcium as the reducing agent instead of sodium 
the product was calcium boride, containing, 
after acid treatment, 30-5% Ca. The reduction 
of boric oxide by magnesium, tried without 
success by C. Winkler (Ber. 1890, 23, 772), was 
investigated by Moissan (Ann. Chim. Phys. 
1895, [yiij, 6, 307), who, to avoid insoluble 
borides, employed less than the theoretical pro- 
portion of magnesium in the first stage of the 
process. Three parts of anhydrous boric 
oxide and one part of magnesium filings heated 
to bright redness in a clay crucible (preferably 
lined, v. infra) yielded a melt containing a 
brown core. This portion was pulverised and 
boiled successively with water, hydrochloric 
acid, alcoholic potash, water, and hydrofluoric 
acid (50%). The washed and dried residue 
contained 93-97-95% B and 2-28^4-05% Mg. 
For further purification it was then strongly 
heated with fifty times its weight of boric oxide 
in a crucible lined with a mixture of carbon 
and titanic oxide. The mass obtained by this 
second fusion was purified as before. Moissan 
claimed for the final product a purity of 99-2— 
99-6%. The process gives a small yield and is 
very ■ tedious. This “classical” method for the 
preparation of amorphous boron has been 
criticised by Stock and Holle (Ber. 1908, 41, 
2099) who obtained boron of only S6%, similarly 
Weintraub, 88-90% (Trans. Amer. Electrochem. 
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Soc 1909, 16, 167) , W. Kroll (Z anorg Chem 
1918, 102, 2) following the directions of bloissan 
and YVeintraub and taking many precautions | 
tire pared boron analysing 91 G%. B. L 
JfarkapiU (Helv Chim. Acta, 1933, 16, 1111) 
defends the method, provided that the original 
directions are rigorously earned out. 
A Binet du Jassonneix (Ann Chun Phys 1909, 
Jviu], 17, 161) shortened the process by leviga 
tion with water, tho bondts being specifically 
heavier than boron Prolonged treatment of the 
lighter fraction with hydrochloric, hjdrofiuoric, 
and sulphuric acids yielded a brown powder 
containing 97 1% boron 

B C Bay (JCS 1914, 105, n, 2162) claims 
to have prepared crystalline boron (B 98 10 %, 
Si 2 16%), insoluble in warm dilute mine acid, 
by heating Moissan a amorphous boron in a 
current of hydrogen with excess of magnesium or 
sodium, and subsequently volatilising all the free 
and combined metal at a higher temperature 
In agreementwif h Wemtraub(I c )and Kroll (I c ) 
I’.a\ found that amorphous boron contains 
considerable quantities of oxygen The appear- 
ance of the crystalline boron is not described by 
the author E. Wemtraub working with crude 
boron obtained by reduction with magnesium 
which had the approximate composition of a 
suboxide B e O (Trans Araer. Electrochem Soc. 
1009, 16, 165) earned out the first technical pre- 
paration of the element Several pounds of the 
boron were fused m a copper cup heated by an 
electnc arc (200-300 amperes at 600 volts D C ) 
in a hydrogen atmosphere. The impurities, 
magnesium, nitrogen, and oxygen, volatilisedand 
the residual boron was of 97 to 98% purity 
(Ind. Eng. Chem. 1911, 3, 299 , 1913, 5, 106) 

E. Podnus (Z, anorg Chem 1917, 99, 25) 
ground together anhydrous boric oxide with 
magnesium in alight excess of the theoretical 
quantity. Tho mixture was then fired in an 
atmosphere of coal gas The upper lajer of the 
fused mass was rejected and the remainder 
purified by extraction with boding hydro- 
eld one acid and wafer. The boron obtained 
was only 70% pure, but 13 suitable for the 
preparation of boron trichloride (r. p. 43). 

Sulphur was added to the mixture by K A. 
Kuhne(G.P 147871, 1902, and 179439, 1004)and 
by IV, Kroll (I e ) with the object of forming a 
lajer of readily fusible slag to exclude air. 
Kroll found that boron thus obtained contained 
very little oxygen. 

deduction of Boric Oxide irifA Aluminium — 

’* Crystalline boron ” F. IVohler and H. St. Claire 
Deville (Ann. Chim. 1858. [ui], 62,68) obtained 
three varieties of crystals (a, b, and c below) 
bv heating boric oxide with aluminium to a 
high temperature. These crj stals were for long 
considered to be allotropic forms of boron and 
were used for determining its physical properties. 
They are now recognised as borides. <a) Black 
o* adamantine boron, very hard, opaque 
brilliant crystals, their composition corresponds 
to AIB lt (W. llampe, Annalen, 1876, 183, 90) ; 
(5) yellow crystals, like (a) they are harder than 
corundum, and are obtained when the reaction 
is earned out in a carbon crucible. W, Hamper 
0-c.) analysis gave A IjCjB^.H. Blitz (Ber. 1910, 
43,297) found AIjCjBjj ; (e) “ graphitoid,” thin 


hexagonal bronze- coloured plates formed at a 
lower temperature than (a) and (6) (ef, von 
Narav-Szab6, 1936, A. 273). 

F. Wohler and H. St. Claire Dcvillo (Corapt. 
rend. 1867, 64, 19) state that graphitoid boron 
does not bum in air at a red heat but acquires 
a bine colour like steel. Heated in chlorine, 
it ignites forming boron chloride and aluminium 
chloride. It is easily soluble in concentrated 
mtnc acid but only very slowly in hot hydro- 
chloric acid or in hot caustic soda solution. Two 
specimens contained 54 02 and 54-91% of 
aluminium, corresponding to AIB X . 

Both preparations (a) and (6) dissolve slowly 
in hot nitric acid (W. Hampe, I c ), while the 
crjstalline boron described by R. C. Ray (I c ) is 
insoluble. 

That the aluminium borides cannot be 
decomposed by treatment with acfds, even by 
hydrogen chloride at a red heat, to yield boron 
free from aluminium was shown by IV. Kroll 
< Ic )(cf Kahlenkerg, Trans. Amer. Electrochem. 
Soc. 1925, 47, 29). The latter states that 
the action of aluminium on boric oxide 
(2A1 : B s O a ) yields boron with excess of 
borides, while if the proportions are A1 : BjO a , 
boron is the chief product. The separation 
of boron from the accompanying borides was not 
attempted. K. A. Kuhna (D.R.P. 179403, 
1904) fired a mixture of boric oxide, sulphur, 
and aluminium with a magnesium wire. The 
cold mass, extracted with water and hydro 
chloric acid, left as residue a mixture of amor- 
phous and crystalline boron containing alumin- 
ium which cannot be purified by arid treatment 
(Kahlenberg, lx.). 

Reduction of Boron Trichloride by Metals — 
W Kroll (Z anorg. Chem. 1918, 102, 19) found 
that sodium (at 610°) and potassium (at 300°) 
react with incandescence, the resulting metallic 
borides cannot he decomposed by further 
treatment with boron chloride. Magnesium 
reacting at higher temperature also yields . 
metallic boride. Aluminium reduces Ixiron 
chloride at 1,200°. After treatment with hydro 
chloric acid, yellowish hexagonal plates of 
aluminium bonde remain, resembling the crystals 
formerly described as “crystalline boron.” 

Reduction of Boron Trichloride with Hydrogen. 
— Dumas and also Liebig tried the effect of 
heating a mixture of boron trichloride and 
hydrogen The method remained of little 
interest until it was developed by Weintraub of 
the General Electric Company, U.S.A., who was 
the first to produce pure boron in quantity 
(Trans. Amer. Electrochem. Soc. 1909, 16, 165 ; 
Ind. Eng. Chem. 1911, 3, 299 ; 1913, 5, 106) 

Purified dried hydrogen was passed over the 
surface of boron trichloride kept In a freezing 
mixture, so that a large excess of hydrogen 
was maintained. The hydrogen charged with 
the vapour then passed through one or more 
powerful alternating current arcs between cooled 
copper electrodes. At the high temperature of 
the arc the following reaction occurs : 

2BCl a +3H x =2B+6HCI 
The boron forms rod like excrescences on the 
cathode and is also deposited in the apparatus as 
a fine dnat. Washing with water removes a 
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trace of boric oxide; it is then over 99% pure. 
Conditions of success are a considerable excess 
of hydrogen and the use of electric arcs of large 
area. L. Hackspill, A. Stieber and R. Hocart 
(Conipt. rend. 1931, 193, 776 ) maintained a 
condensed high frequency spark between 
tungsten or molybdenum poles in an atmosphere 
of hydrogen mixed with the vapour of boron 
trichloride. Small coherent rods of boron slowly 
formed on both electrodes, 0-5 g. being obtained 
in three hours at 300 watts. Three specimens 
containing 98-6, 99-5 and 98-8% B had almost 
the black colour of arsenic and were capable of a 
high polish, their hardness was almost equal to 
that of the diamond. A crystalline structure 
was not visible even after etching with aqua 
regia, but was revealed by X-ray analysis. 

Preparation of Boron by Dissociation of Boron 
Bromide or Boron Chloride. — -F. Meyer and R. 
Zappner (Ber. 1921, 54, [B], 550). Boron brom- 
ide was prepared from Moissan’s boron, and 
boiled in a glass reflux apparatus so that the 
vapour passed through a powerful arc maintained 
between copper poles. The flask contained 
copper powder in quantity sufficient to combine 
with the bromine. The inner surface of the bulb 
and condenser was soon covered with a deep 
black sublimate of boron, the yield was 0-8 g. 
from 100 g. BBr 3 in five hours. The purity 
averaged 99-35%. In N. V. Philips’ Gloei- 
lampenfabrieken B.P. 264953, 9/11/25, a tung- 
sten or other metal wire is coated with a coherent 
deposit of boron by heating the wire electrically 
to 1,400° in an atmosphere consisting only of 
the vapour of boron halide, preferably the 
bromide. 

E. Podszus (Z. anorg. Chein. 1917, 99, 129 ; 
1933, 211, 41) heated pure iron wire (0-3 mm.) 
spirals to 800° in the vapour of boron trichloride ; 
by continued heating porous black boron free 
from iron was obtained. 

Electrolytic Methods. — W. Hampe, using a 
platinum anode and a carbon cathode in fused 
borax, obtained boron contaminated with 
carbon as a deposit on the cathode, the boron 
being a secondary product due to the reducing 
action of sodium liberated at this pole. 

H. H. Kahlenbcrg (Trans. Amer. EIcctrochem. 
Soc. 1925, 47, 30) found that the electrolysis of 
fused boric anhydride and of borax was 
impracticable owing to the high resistance of 
the baths. Borax gave a slight brown deposit 
of boron on the cathode. The product con- 
tained sodium which could not be removed by 
boiling hydrochloric acid. Potassium borate 
gave similar results. A very small yield of 
boron, considered to be nearly 100% pure, was 
obtained by electrolysing a bath of 50 g. 
potassium chloride, 20 g. potassium carbonate 
with as much boric anhydride as the fusion would 
dissolve. Zschille (“Dissertation,” Munchen, 
1913), by the electrolysis of fused borate, could 
not prepare n better product than one with 61- 1 % 
B. L. Andrieux (Ann. Chim. Phys. 1929, [x], 
12, 423) found 56-8% B in the product of electro- 
lysis of borax, while a bath of alumina, boric 
anhydride, and cryolite gave boron of 82-2%. 
Finally a product with 92-2% boron was 
prepared from a bath of magnesia, boric an- 
hydride and magnesium fluoride. The melt at 


about 1,100° was contained in a carbon crucible 
which served as anode, the cathode was iron or 
carbon. The boron was deposited in round 
masses on the end of the cathode, 50—60 g. 
being obtained in two hours with a current of 
10 amperes. The author regards the method 
as more convenient than Moissan’s (cf. 1936, A, 


414). 

Atomic Data. 

Boron Isotopes, 10 B and 11 B. Variations in 
the proportions of the isotopes in boron com- 
pounds obtained from different parts of the world 
were shown in the atomic weight determinations 
of Briscoe, Robinson and Stephenson (J.C.S. 
1926, 77) : 


Source of boron 
compound. 

Atomic weight. 

From density of 
B 2°.1 

From ratio 
BC1 3 : 3Ag 

California . 

10-847 

10-841 

Tuscany . 

10-823 

10-825 

Asia Minor . 

10-818f 

10-818 


t Density standard. 

[Cf. F. W. Aston, “ Mass-Spectra and Isotopes,” 
London, 1933.) 

Atomic Disintegration . — No less than twelve 
nuclear reactions of the boron isotopes 10 B and 
11 B are tabulated in the Annual Report of the 
Chemical Society, 1935, 29. Boron under 
particle bombardment, in various experiments, 
has produced y-rays, electrons, positrons, neu- 
trons, e-particles, protons, four radioactive 
elements 9 B, U C, 12 B, I3 N, as well as 7 Li, 
8 Be, 9 Be, I2 C, W C. IU B has itself been 
formed from 7 Li, B Be, and 12 C, and 11 B from 
10 B and also from 14 N. For the production of 
radioactive boron B B by Fowler, Delsasso and 
Lauritsen, see Physical Rev. 1936, [iij, 49, 
561. (Mme.) I. Curie and F. Joliot (Compt. 
rend. 1934, 198, 254) ohserved that the emission 
of positive electrons continued for 14 minutes 
after removing the source of the a-particles 
bombarding the boron. These positrons 'are 
emitted from the new short-lived element radio- 
nitrogen derived from the boron nucleus. For 
the artificial radio-active element 12 B, see 
1936, A. 1174. 

Chemicai, Properties. 

Experiments with the amorphous boron made 
by Moissan’s method (l.c.) form the chief 
source of our information as to the chemical 
properties of the element. The boron prepara- 
tions of E. Weintraub, Podszus, Hackspill, 
Stieber and Hocart, which contain about 99% 
B, have not been studied to nearly the same 
extent. L. Hackspill (Helv. Chim. Acta, 1933, 
16, 1112) was unable to purchase a specimen of 
pure boron in commerce, possibly because the 
costly electric arc methods give only a very small 
yield. The chemical and physical properties of 
pure boron are known only imperfectly at the 
present time. Moissan describes it as a chestnut 
brown powder, staining the fingers, and capable 
of being agglomerated under a strong pressure. 
Heated in hydrogen to about 1,500°, it sinters 
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slightly and increases in density (Compt rend 
IS92, 114. 617) 

Heated in air boron tales fire at 700°, m oxygen 
it burns with intense brilliancy ; in both cases a 
hyrr of bcnc oxide form*, preventing the entire 
combustion of the specimen With sulphur 
it combines with incandescence at 010 3 forming 
a boron sulphide decomposable by water 
Selenium behaves similarly at a higher tempera 
turc Tell -mu in fused in con tait mth boron docs 
not react In dry chlorine at 410° boron bums 
with vivid incandescence, boron chlonde distils 
together with traces of the volatile chlorides 
of the metallic impurities, while a small quantity 
of carton or of carbon boride is left in the boat 
In bromine at about 700° there is a similar 
vigorous rt action Bromine water attacks boron 
slow |y at ordinary temperatures, but it dissolves 
more rapidly in bromine dissolved id potassium , 
bromide solution Iodine vapour does not actj 
on bo-on at temperatures up to 1,200° 

formation of boron nitride occurs only at 
high temperatures , at 900° in a current of pure 
dry nitrogen, only traces of nitride were formed, 
but the reaction was rapid at 1,230° Heated 
with phosphorus, arsenic or antimony boron 
did not yield compounds Carbon combined 
with boron only at the temperature of the 
rlectnc arc Silicon strongly heated with 
boron did not react. The metals of the alkahs 
can bo distilled over amorphous boron without 
any reaction taking place Magnesium forms a 
boride at a red heat, similarly silver and 
platinum, while iron and aluminium react only 
at a high temperature 

Mineral acids have a vigorous action. At 250° 
sulphuric acid is reduced to sulphurous acid. 
Nitric acid reacts with incandescence Phos- 
phoric anhydride is reduced to phosphorus at 
b00° Arsenic and arsemous acids yield 
arsenic at a red heat. In contact with boron a 
warm solution of iodic acid liberates iodine; 
a mixture of boron and crystals of iodic acid 
becomes incandescent when gently heated, 
and evolves dense vapours of iodine Chloric 
acid solution is also reduced The halogen acids 
react with more difficulty. At a dull red heat 
gaseous hydrogen fluoride forms boron fluoride 
ana* hydrogen. Aqueous hydrochloric acid 
saturated at 0° has no action on boron, but 
gaseous by drogen chlonde reacts at a bright red 
beat. Hydnodic acid is without effect up to 
about 1,250° . Sulphur is liberated from sulphur 
dioxide at temperatures below redness. Below 
red heat steam has no action on boron, but the 
reaction, once started, proceeds violently, the 
products being boric acid and hydrogen. 
Carbon monoxtd j y elds carbon and bone oxide 
“t ■ boron talcs fire when heated 

to dull redness in a current of nitrogen monoxide, 
under the same conditions nitrogen dioxide bad 
no effect. 

Boron is a pow erf id reducing agent for metallic 
oxides. A mixture of lead peroxide and boron 
ground in a mortar detonates violently, 
bufherent heat is liberated in the reaction 
tj-twren cupric oxide and boron to melt glass. 
Mixtures of boron with the oxides of tin, lead, 
antimony or bismuth become incandescent when 
gently heated, the oxides being immediately 


reduced. Ferric oxide and cobalt monoxide 
require a bright red heat for reduction. The 
alkaline earth oxides are not attacked. Potassium 
hydroxide fused in contact with boron evolves 
hydrogen in a violent reaction. Small portions 
of boron burn with a dazzling light when dropped 
on to melted potassium chlorate, and this re- 
action serves as a lecture experiment far demon- 
strating tho affinity of boron for oxygen 
Boron reduces solutions of potassium per/nan 
ganate, feme chloride, silver nitrate (forming 
beautiful crystals of silver), palladium chlonde, 
platinum chloride and gold chloride. Potassium 
and sodium sulphates are reduced by boron at a 
dull red heat, becoming incandescent and 
yielding sulphides. Sodium carbonate is re- 
duced at dull redness and potassium carbonate 
at a higher temperature, the carbonates of cal 
cium and of barium are not decomposed. 

Boron (98-99%), prepared from its tri- 
chloride and hydrogen by Weintraub ( l c.) and by 
Hackspill, Stieber and Hocart (l c.), is black in 
mass and in powder. Hackspill states that the 
small rods of boron which grow on the electrodes 
are capable of a high polish, their metallic lustre 
then recalling that of chromium. Hackspill 
observed that Moissan’s boron changes from 
brown to black when it is heated m absence of 
air and that the change is permanent. The 
boron (99 35%) obtamed by dissociation of 
boron bronudo by F. Meyer and R. Zappncr 
(c. supra ) is a very fine deep black powder; 
exposed to air it gradually approaches the colour 
of Moissan’a boron, while the boron content 
falls several per cent. Permanent preparations 
should therefore be sealed in hydrogen or 
preferably in vacuo after a alow, thorough 
heating With mtnc acid boron of this degree 
of punty reacts violently with incandescence. 
E Podszus (Z. anorg. Chem. 1917, 99, 130) 
mentions the following properties of tho black 
boron obtained by the interaction of iron and 
boron trichloride. In hydrogen at a red heat, 
it volatilises completely. Heated very gradually 
in air with a blow-pipe flame, it burns, leaving a 
residue of pure white boron nitride. When 
heated rapidly it burns with a brilliant green 
Came to B,0„ leaving no residue. The boron 
filaments did not melt at the highest white heat 
obtainable by electric heating. 

Fused Boron, prepared by H. H. Kahlenbcrg 
(he., 54) by fusmg compressed Moissan’s boron 
m the oxy hy drogen flame, at a temperature he 
estimated to be 2,250°, is not appreciably 
attacked by boiling caustic potash solution or by 
hot concentrated hydrochloric or sulphuric acids 
Nitric acid and aqua regia are also practically 
without action. Fused boron is oxidised by atka- 
line permanganate, it is rapidly attacked by 
fused caustic alkalis and sodium peroxide. 
Boron replaces gold, platinum, palladium, silver, 
mercury, copper and lead from their solutions, 
the last named very slowly. In the electro* 
chemical senes boron comes just above lead. 

Colloidal Boron. — The dispersion of boron to 
form a solution which passed through filter paper 
was observed by H. Davy, Gay-Lussac, Berzelius 
and others to occur when amorphous boron was 
washed with water, following treatment with 
dilute acids and alkalis. Unstable reddish 



brown, or stable brown to brownish yellow, 
boron solutions have been studied. A con- 
venient preparation is described by A. L. Elder 
and AT. D. Green (J. Physical Chem. 1932, 36, 
3085). 0-5-1 -0 g. dried boron, prepared by fusing 
magnesium with boric oxide and purifying the 
product with hydrochloric acid, is refluxed with 
100-250 c.c. water. Tho resulting solution is 
extremely resistant to coagulation even by 
multivalent ions ; the boron particles are 
negatively charged. For earlier preparations see 
T.'Svedberg, “ Herstellung kolloidaler Losuugen 
anorganisoher Stoffe,” Dresden, 1909, 384. 

Physical Properties. 

Density. — L. Hackspill, A. Stieber and 
R. Hocart found 2-33±0-01- at 20° (Helv. 
Chim. Acta, 1933, 16, 1114 ; in Compt. rend. 
1931, 193, 777, a misprint, 3-33), which they 
say compares with E. Weintraub’s value 2-34 
at the same temperature (J. Amer. Chem. 
Soc. 1915, 37, 1646). Amorphous boron has 
the density 2-45, according to H. Moissan 
(Ann. Chim. 1895, [vii], 6,^311). W. Kroll (he.) 
gives a divergent value, 1-731 at 18°. 

Hardness . — Fused boron is next to diamond 
in hardness (Weintraub, Hackspill). 

Melting-point. — 2,300°, according to Wein- 
traub (Ind. Eng. Chem. 1913, 5, 114) ; 2,200° 
was found by E. Tiede and Birnbrauer to be 
mean temperature of fusion of amorphous boron 
in vacuo (Z. anorg. Chem. 1914, 87, 143). 

Volatility . — Boron evaporates perceptibly at 
1,200°; at 1,600° the blackening of the walls of 
the vacuum bulb was such as to render boron 
filaments useless for incandescent lighting 
(E. Weintraub, Trans. Amer. Electrochem. Soc. 
1909, 16, 179). 

Electrical Conductivity.— E . Weintraub 
observed a remarkable variation of resistance 
of fused boron with temperature ; in one experi- 
ment, from 775,000 ohms at 27° to 4 ohms at 
600°, and only a fraction of an ohm above 1,000°, 
t.e. an increase of conductivity of about 10 6 or 
10 7 to 1 (<•/. carbon 2 : 1 and silicon 100 : 1, Trans. 
Amer. Electrochem. Soc. 1909, 16, 181 ; Ind. 
Eng, Chem. 1913, 5, 107). A. H. Warth (Trans. 
Amer. Electrochem. Soc. 1925, 47, 62) gives 
similar figures for boron deposited from boron 
trichloride on a glowing tungsten wire. 
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E. Podszus (Z. anorg. Chem. 1917, 99, 130 ; 1933, 
211, 41) on the contrary found only a small 
negative temperature coefficient. H. H. KahJen- 
berg (Trans. Amer. Electrochem. Soc. 1925, 47, 
36) found that boron prepared by heating 
Moissan’s boron with aluminium showed a great 
increase in the conductivity on heating to about 
50°. Finally R. Freymann and A. Stieber 
(Compt. rend. 1934, 199, 1109) confirmedWein- 
traub’s result, within the temperature range 
studied, viz. 5°-110°. . 

Thermal Expansion. — E. Dupuy and L. Hack- 
spill (Compt. rend. 1933, 197, 229) found the 
mean coefficient of expansion of boron (99 *5% B) 
to bo 8-3 X 10~® between 20° and 750°. There 
was no anomalous variation with temperature, 
the curve being almost a straight line. 

Specific and Atomic Heat.— Early measure- 
ments by Regnault showed that boron did not 
obey Dulong and Petit’s rule. The latest deter- 
minations are as follows : —253° to —196°, 
sp. heat 0-0212, at. heat 0-23 (J. Dewar, Proc. 
Roy. Soc. 1914, [A], 89, 168); -190-8° to 
-78-3°, sp. heat 0-0707, at. heat 0-76; —76-4° 
to 0°, sp. heat, 0-1677, at. heat 1-81 (E. Koref, 
Ann. Physik, 1911, [ivj, 36, 64). Dewar does not 
describe his material. Koref worked with 
Kahlbaum’s “ pure amorphous boron.” Moissan 
and Gautier (Ann. Chim. Phys. 1896, [vii], 7, 
568) also using amorphous boron, found at 0°- 
100°, sp. heat 0-3066, at. heat 3-31, 192-3°, 
sp. beat 0-3407, at. beat 3-69 ; 234-3°, sp. heat 
0-3573, at. heat 3-87. A. Magnus and H. Danz 
(Ann. Physik, 1926, [iv], 81, 407) working with 
Merck’s amorphous boron of 97% purity, 
found the following expression for the atomi 
heat between 0° and 900° : 

Cp= 2-3658+ 7-9080 X 10~ 3 f— 4-9023 X 10~ G < 2 

Spectroscopy . — The persistent lines of boron 
in the arc Bpectrum are 2,496-778 and 2,497-733 
(International Critical Tables, V, 323), the “ raie 
ultimo ” is 2,497. The double line enables the 
detection of traces of boron in plant ashes and 
rocks (A. de Gramont, Compt. rend. 1918, 166, 
477). 

Production. 

The following table is taken from “ Statistical 
Summary of the Mineral Industry, 1932-34,” 
Imperial Institute, 1935, 59 : 


Production of Crude Borates (Long Tons). 



1932 . 

1933 . 

1934 . ; 

. 

Germany — boracite 


66 

7 

Italy — boric acid 

5,383 

5,356 

5,488 

United States — borates 

162,424 

167,899 j 

216,429 : 

Argentine — borate of calcium 

879 

i 

619 

— 

Turkey — borates 

4,915 

7,434 

6,409 


In 1934 the imports (less re-exports) into the 
Dnitcd Kingdom were : borates 14,468, borax 
10,849, boric acid 2,083 tons {ibid. 62). 


United States . — Different sources of boron 
minerals have been worked and later abandoned. 
In 1S56 borax was obtained from hot springs in 
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The raw materials for the . preparation of 
boron hydrides are magnesium boride and 
hydrochloric acid and a number of chemists, 
e.g. F, Jones, Sabatier and Ramsay, examined 
the mixture of gases evolved without isolating a 
pure boron hydride, or deducing a correct 
formula. -It was known that the crude gaseous 
mixture burnt with a brilliant green flame and 
deposited a brown layer of amorphous boron on a 
crucible lid, that it reduced silver nitrate and 
potassium permanganate solutions. Later work 
showed that the gas was a mixture of hydrogen 
with small volumes of hydrides of boron and of 
silicon. A. Stock and his co-workers in a series 
of papers from 1912 onwards have published 
almost all Ahat is known of the chemistry and 
physics of the boron hydrides. A monograph 
by this author is “ Hydrides of Boron and 
Silicon,” Cornell University Press, 1933, vol. 12 
of the George Fisher Baker Lectureship, from 
which the following particulars are quoted ; 
references are to A. Stock’s papers unless other- 
wise stated. 

Preparation of Magnesium horide . — A mixture 
of magnesium, 8 parts, and boric oxide, 3 parts 
(both as free as possible from silicon), is heated 
in an iron crucible through the lid of which 
a current of pure dry hydrogen is passed ; 
directly the contents begin to glow the crucible 
is cooled in water. The cold product is finely 
powdered and fed into 10% hydrochloric acid, 
or preferably into 8A 7 — phosphoric acid (E. 
Wiberg and K. Schuster, Ber. 1934, 67, [B], 1805, 
who found that the yield of boron hydrides was 
thereby increased from 4-6 to 11-4%). The 
gases formed by the reaction are washed with 
water, dried, and then enter two large U-tubes 
cooled with liquid air, tho uncondensed gas, 
hydrogen and traces of silicon hydride escape 
through a mercury seal into the air. The 
condensate contains B 4 H 10 , with small amounts 
of B b H 8 , B„H 10 , traces of B 10 H 14 , C0 2 , H 2 S, 
silanes, and PH 3 . The boron hydrides men- 
tioned are isolated by fractional distillation in 
vacuo in an apparatus from which moisture and 
lubricating grease are entirely excluded. The 
hydrides B 2 H 6 , B 5 H 9 , and one hydride whose 
formula is still doubtful, B 6 H 12 ?, are prepared 
by heating B.,H 10 . The only solid volatile 
hydride B 10 H U is made by heating B 2 H 6 . 

Diborane, B 2 H„, is prepared by heating di- 
liydrotetraborane, B 4 H 10 , to 90°-95° for five 
hours, condensing the products in liquid air, and 
fractionating the B„H G at -112°. 

H. I. Schlesinger and A. B. Burg (J. Amer. 
Chom. Soc. 1931, 53, 4321) separated B 2 H 6 
from the mixture obtained when a high tension 
dischargo is maintained in a mixture of boron 
trichloride (or preferably tribromide) and 
hydrogen at reduced pressure. The boron 
trichloride is largely converted into B 2 H 6 CI, 
other products being boron, solid hydrides of 
boron, and a small amount of B 2 H 6 . On stand- 
ing B 2 HjC1 dissociates into B 2 H G and BCL 
(Ber. 1014, 47, 314o). The method is shorter 
than by way of magnesium boride and B,H,„ 
(Ber. 1923, 56, [BJ, 789 ; 1924, 57, [B], 562). 
B 2 H e is a colourless gas of characteristic 
disagreeable odour, with m.p. — 165-5° and 
b.p. — 92-5°/760 mm. (Ber. 1923, 56, [B], 798). 
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It dissociates very slowly at ordinary tempera- 
tures, more rapidly at 100°-200°, into hydrogen 
and B 4 H 10 . With oxygen it forms an explosive 
mixture, the reaction is 

B 2 H G +30 2 ==B 2 6 3 +3H 2 0. 

The gas reacts rapidly with water, 

B 2 H G +6H 2 0=2H 3 B0 3 +6H 2 
With potassium hydroxide or its solutions, the 
the reaction is B 2 H e d-2KOH=2KH 3 BO-f-H 2 . 
Ammonia gas in excess reacts to form the non- 
volatile compound B 2 H 6 -2NH 3 (Ber. 1926, 
59, [B], 2210), this is soluble in water giving a . 
solution which precipitates Ni a B from solutions 
of nickel salts. A. Stock concludes that B 2 H G 
is a dibasic acid in the compound B 2 H 6 -2NH 3 . 
Chlorine acts explosively on B 2 H G forming 
BC! 3 . With hydrogen halides, reaction occurs 
on raising the temperature, 

B 2 H s +HX=B 2 H 5 X+H 2 
These halogen compounds are unstable (Ber. 
1913, 46, 3354 ; 1923, 56, [B], 800 ; Schlesinger 
and Burg, .l.c.). B 2 H 6 reduces permanganate 
and salts of silver, copper and nickel ; with 
potassium amalgam it yields the salt K 2 B 2 H G 
(Z. anorg. Chem. 1935, 225, 225). 

Dihydrotelraborane, B 4 H 10 , forms the largest 
proportion of the hydrides liberated by the 
action of acids on magnesium boride or on 
beryllium boride ; in the latter case the gas is 
free from silicon hydrides (Z. anorg. Chem. 1930, 
188, 35). The isolation and purification of 
b 4 h 10 is rendered difficult by- its dissociation at 
ordinary temperatures, and is carried out by 
fractionation in vacuo, tho fractions being 
stored in liquid air (Ber. 1923, 56, [B], 793 ; 
1924, 57, [B], 565 ; see B. I). Steele and J. C. 
Mills, J.C.S. 1930, 74, for a preparation from 
cerium and aluminium borides). B 4 H 10 is a 
colourless liquid or gas with a peculiar repellant 
odour. Its m.p. is —120°, b.p. 18°/760 mm. 
(Ber. 1923, 56, [B], 789). If pure it does not 
ignite spontaneously in air. It decomposes 
slowly at room temperature, the chief products 
are hydrogen and B 2 H G (Ber. 1913, 46, 1962). 
Sunlight has little influence, but ultra-violet 
light accelerates the reaction (ibid. idem. 3354). 
At higher temperatures there is a complicated 
thermal decomposition, varying according to the 
experimental conditions. B 2 H 6 and other 
boron hydrides were discovered by Stock among 
the products of the reaction.. 

It reacts slowly with cold water : 

B 4 H 10 +12H 2 O=4H 3 BO 3 +11 H 2 

Dilute hydrochloric acid yields the same pro- 
ducts ; nitric acid reacts with explosive violence. 
Potassium hydroxide forms hypoborate : 

B 4 H 10 +4KOH=4KH 3 BO+H 2 

(Ber. 1914, 47, 810). Excess of ammonia at 
—70° yields tho compound B 4 H 10 -4NH 3 , 
which heated to 200° yields B 3 N 3 H G . 
Sodium amalgam reacts with B 4 H 10 forming 
B«Bj 0 -2Na. With alcohol, an exothermic 
reaction takes place, about 8 volumes of 
hydrogen for 1 volume B 4 H 10 are evolved 
and on adding water a further evolution occurs, 
until a total of 1 1 volumes of hydrogen, corre- 
sponding to complete hydrolysis, is measured.- 



Since B 4 H 19 readily yields nascent hydrogen 
it is a powerful reducing agent. 

Dihydropentaboram, B S H U , was isolated in 
very small quantity from the products of spon- 
taneous dissociation of BjH 8 which had 
been kept at room temperature for about six 
months (Ber 1024,57, [B], 574 , 1926, 59 [B], 
2210 . ef H I Sehlesinger and A B Burg, 
J Amer Chem Soe 1933, 55, 4009). It is a 
colourless, very mobile liquid which melts at 
about -129'’ It decomposes when kept at 
ordinary temperature depositing B 10 H 1( , pro- 
bably 2B 3 H 11 =B, 0 H j1 +4Hj When treated 
with ammonia it forms B 5 H 8 4NH 3 with loss 
of hydrogen (/ e , 59. 2211) 

Hexaborane, 8 S H 10 , 13 separated by fractional 
distillation from the crude condensate of mixed 
boron hydrides and silicon hydrides (v supra). 
Two kilos of magnesium bonde yielded about 
1 g of hexaborane It is a colourless liquid, 
m p —65 1°, which decomposes slowly at 
ordinary temperatures liberating hydrogen and 
depositing yellow crystals of a hydride, 
apparently B 2 ,H 3I Water slowly hydrolyses 
B,H, a . but the decomposition is not complete 
at 90" after 16 hours It dissolves in sodium 
hydroxide solution (30%) with slight evolution 
of hydrogen, on acidification the volume of 
hydrogen liberated corresponds to complete 
hydrolysis 

Pentaborane — A Stock and E. Kuss prepared 
B S H, (170 ce) by passing gaseous B 4 H lft 
(1000 c c ) through a tube heated to 200°, and 
fractionating theproductsm vacuo(Ber 1923,56, 
[B], $05) (H. J. Sehlesinger and A. B. Burg, J 
Amer Chem Soc 1931, 53, 4331) isolated penta 
borane m 20% y leld from the products of heating 
B t H, with hydrogen chloride for 48 hours at 
120'- 130’. B S H S is a colourless mobile liquid, 
m p. — 46 6°, d* 0 61 , to its disgusting odour is 
mainly due the repellant smell of crude boron 
hydride. At ordinary temperatures it dissociates 
very elowly into hydrogen and a solid hydride , 
at 300® the chief products are boron and 
hydrogen. It is very gradually attacked by 
cold water, and the decomposition is not com- 
plete after heating to 90° for 3 days, the reaction 
being B s Hg+ 1514*0=51-1,00,-)- 12H,. The 
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reducing suboxides of boron (Ber. 1923, 56, [B], 
802). Pentaborane combines with ammonia 
forming the solid B S H 8 -4NH 3 , stable »t 
ordinary temperatures. 

Dihr/drobcxaborane, B e H ls (Ber. 1924,57, [B], 
566), an unstable volatile hydride, is considered 
by A. Stock to exist m very small amount m 
the decomposition products of B 4 H 10 . 

Delaborane, B 10 Hj,, is prepared either from 
B,H g by heating to 115°-120° for 48 hours, 
or from B 4 H 10 kept at 90°— 95° for 5 hours 
(Ber. 1929, 62, [BJ.92); in each case 100 ce 
yield about 0 05 g. B I0 H 11 . This hydride 
forms colourles s , slo wly volatde.rhombic crystals, 
m p. 99 7°, b p. about 213°, d so 0 94, msolnble 
in water, soluble in alcohol, ether, benzene, and 
carbon disulphide It does not dissociate at 
ordinary temperatures nor oxidise when 
exposed to air. When kept for 2 days at 200° 
followed by 1 day at 250°, it yields an amorphous 
yellow substance of gross composition BH^, 
which dissolves in water with evolution of hydro 
gen Dekaborane is very slowly hydrolysed hy 
water at ordinary temperatures, but completely 
in 36 hours at 100°, the products being bone 
oxide and hydrogen. Halogens form mixtures 
of substitution products. Ammonia forms an 
unstable compound, at —75° no definite com 
pound was isolated, at 120° there was substitution 
of N Hj for hydrogen. Dekaborane dissolves in 
sodium hydroxide solution with evolution of 
hydrogen, the solution contains a boron sub 
oxide with strongly reducing properties Pro 
longed heating at 100® converts this oxide into 
boric oxide ; B 10 H J4 is scarcely affected by 
concentrated nitric acid but reduces per- 
manganate. 

Besides the boron hydrides described, A. Stock 
and his school have obtained in very small 
quantities a number of liquid and solid hydrides; 
of the latter this author remarks (“ Hydrides 
of Boron and Silicon,” 1933, p. 89) “ there seems 
to be a continuous senes of such non volatile 
yellow hydrides that increase in degree of con- 
densation and decrease in hydrogen content. 
The senes finally ends m the brown, boron like 
substances that are formed at elevated tempera- 
tures, eg. when BjH g is heated to 300®” (</• 


Table or the Properties of Boron Hydrides and of Boron Hydronitride. 




B,H 1# 

B s H t 

B S H„ 


B, 0 H,4 

B a NjH» 

Boihng-pomt, “C./760 mm. 

-92 5 

+ 18 

_ 

_ 



53 

\ apour tensions at 0°, mm. 

— 

38 S 


57 

-.o 



Melting point, °C. . 

— 165 5 

-120 

-46 6 

-129 



-58 

j - Density, d. at . 

0-447 

0 59 

0 61 





0 824 

y temperature, °C- . 

-112 







Parent substance . 



crude 

B 2 H. 

crude 

BjH I0 




gas. 

gas. 


gas. 









B.H* 


Stability 

high 

low 

high 

very’ 

low 

very 

extremely 





low 


high 

high 

Decomposition by water . 

veiy 

rather 

slow 

_ 

slow 

very 

rapid 


rapid 

slow 







t Ber. 1926, 59, [B], 2226. 
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Crude gas is the mixture of hydrogen and boron 
hydrides and silicon hydrides obtained by acting 
on magnesium boride ■with hydrochloric acid 
(A. Stock, Bull. Soc. chim. 1932, [ir], 51. 708 ; 
“ Hydrides of Boron and Silicon,” 1933). 

Boron Nitride, B N , is formed when boron is 
heated in nitrogen, or in air, but is then mixed 
with boric oxide. It is obtained when boric 
oxide is strongly heated in contact with carbon 
and nitrogen (A. Stahler and J. J. Elbert, Ber. 
1913, 46, 2060) or with substances which can 
supply these elements, e.g. cyanogen com- 
pounds, calcium cyanide (W. Kroll, Z. anorg. 
Chem. 1918, 102, 17), urea (Annalen, 1869, 151, 
255), carbon and ammonia (G.P. 282701). It 
may be prepared by heating to a high tempera- 
ture a porous mass of boric oxide and calcium 
phosphate in the vapour of ammonium chloride, 
grinding the product and extracting it with 
hydrochloric acid and with water (L. Moeser 
and IV. Eidmann, Ber. 1902, 35, 535). Its manu- 
facture affords a means of converting atmo- 
spheric nitrogen into ammonia ; boric oxide 
mixed with carbon is heated in a current 
of nitrogen and the resulting boron nitride con- 
verted into boric acid and ammonia by heating 
with steam to 200°, or by boiling with a solution 
of sodium hydroxide. E. Podszus describes a 
continuous process (Z. anorg. Chem. 1933, 211, 
41) in which powdered boric oxide is conveyed 
down an inclined tube heated to over 1,000°, 
through which a current of ammonia is passed. 
Boron nitride is a light, amorphous white 
powder, a good insulator for heat and electricity. 
It is said to melt at about 3,000°, but under 
atmospherio pressure it sublimes before this 
temperature is reached (Friederich and Sittig, 
Z. anorg. Chem. 1925, 143, 293). Phosphorescent 
boron nitride is prepared by heating the sub- 
stance with a trace of organic matter, e.g. sugar. 
Boron nitride prepared at a high temperature 
(1,600°) is much more resistant to water and 
caustic alkali solution than specimens made at a 
lower temperature. If it is prepared from 
borimide at 125°-130°, it is easily decomposed 
by hot water or by dilute sodium hydroxide or 
ammonia solutions. Hydrochloric acid in a 
sealed tube effects complete decomposition 
(A. Stock el al, Ber. 1901, 34, 3046 ; 1908, 41, 
2095). Boron nitride is analysed according to 
B. Ormont and A. Samoclow (Z. anal. Chem. 
1935, 102, 20) by heating 0-05-0-1 g. to 250° with 
five times its weight of potasium hydroxide in a 
porcelain crucible contained in a test tube, 
through which a current of pure hydrogen is 
passed. The ammonia liberated is collected in 
excess of standard acid and titrated. 

Boron Hydronitride, B 3 N 3 H 6 , is a colourless 
liquid, m.p. —58°, b.p. 53°. It is prepared by 
heating the ammonia addition products, 
B 2 H 6 -2NH 3 , B 4 H 10 -4NH 3 , or B 6 H 9 -4NH 3 , 

to 200° for several hours (A. Stock el al., Ber. 
1930, 63, [B], 2932). It dissociates slowly at 
500°C. ; heated with water it is hydrolysed to 
boric acid, ammonia and hydrogen. According 
to A. Stock its constitution is represented bv the 
formula 

/BH-NH- 
NH< )BH 

X BH-NI-K 
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Boramide, B(NH 2 ) 3 , is formed, mixed with 
ammonium halide, by the action of boron tri- 
bromide on excess of liquid ammonia (A. Stock 
and W. Holle, Ber. 1908, 41, 2097), or from 
boron trichloride vapour carried by a current 
of hydrogen into liquid ammonia (A. Joannis, 
Compt. rend. 1902, 135, 1106). At tempera- 
tures above 0° boramide dissociates into 
borimide and ammonia. The properties of 
boramide have not been described. 

Borimide, B 2 (NH) 3 , can be prepared by 
dissolving out the ammonium chloride from the 
decomposition products of crude boramide 
(A. Joannis, l.c.) or by heating the compound 
B 2 S 3 ,6NH 3 to 120° in a current of hydrogen, 
but preferably by heating boron sulphide- 
hydrosulphide, B 2 S 3 -H 2 S, to 75° in gaseous 
ammonia (A. Stock and M. Blix, Ber. 1901, 34, 
3039). The products from the last two prepara- 
tions retain a trace of sulphur in spite of boiling 
with carbon bisulphide. Borimide is a white 
powder, insoluble in organic solvents, it reacts 
with water yielding ammonia and boric acid ; 
with hydrogen chloride it forms a trihydro- 
chloride and at 125°-130° decomposes into boron 
nitride and ammonia. 

Boron Trifluoride, BF 3 , may be prepared 
by heating a mixture of potassium fluoborate, 
KBF 4 , and boric oxide with sulphurio acid; 
silicon fluoride which is always present as an 
impurity is greatly reduced in amount by passing 
the gas over boric oxide at 800° (O. Ruff, Z. 
anorg. Chem. 1932, 206, 59). According to 
W. Biltz et al. (Z. anorg. Chem. 1932, 207, 63) 
diazobenzene borofluoride, easily prepared from 
fluoboric acid and diazobenzene hydrochloride 
(Ber. 1927, 60, 116, 1187), is a convenient source 
of pure boron trifluoride. The borofluoride is 
heated to 120° and the products of decom- 
position BF 3 , C b H 5 F, and N 2 led into cooled 
receivers ; C e H 5 F is condensed by carbon 
dioxide snow, and BF 3 by liquid air. 

Boron fluoride is a colourless gas, fuming in 
moist air. A preparation containing less than 
1-7% Si F 4 had the following properties : 
m.p. -128°, b.p. — 101°/760 mm. (Ruff, l.c. ; 
Moissan, Compt. rend. 1904, 139, 711). It is 
rapidly absorbed and hydrolysed by water 
yielding fluoboric and boric acids. Boron 
trifluoride combines with ammonia, alcohols, 
ether, and acetone forming addition compounds ; 
in reaction with organic substances it often 
behaves like aluminium chloride (H. Meerwein, 
Ber. 1933, 66, [B], 411). For co-ordination 
compounds, see G. T. Morgan and R. Taylor 
(J.C.S. 1932, 1497). A method of manufacture 
from boric oxide, calcium fluoride, and sulphuric 
anhydride is given in U.S.P. 1865204, 28/6/32 
(r/. Du Pont de Nemours, B.P. 463545, 30/3/37). 

Boron T richloride, BC) 3 , can be prepared by 
passing a current of chlorine over a mixture of 
boric oxide and charcoal at a red heat, or in better 
yield if amorphous boron (H. V. A. Briscoe and 
P. L. Robinson, J.C.S. 1925, 127, 696) or iron 
boride (J. Hoffmann, Z. anorg. Chem. 1910, 66, 
379) is substituted for the boric oxide and 
charcoal. The vapours are condensed in a 
freezing mixture, and the product purified by 
shaking with mercury and fractionation in a 
vacuum (A. Stock and E. Kuss, Ber. 1923, 56, 
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[B], I4C3). Boron trichloride 13 a colourless,! 
verv mobile, highly refractive liquid, fuming 
strongly in air , m p —107°, b p. 12 5°/7G0 mm 
(A. Stock and 0. Pness, Ber 1914, 47, 3109) , 
the density has been determined by Briscoe el ol 
(J.C S. 1927, 282), average value at 11°, 1-3492 , 
the differing values of the density of three 
specimens depend on the proportion of the 
isotopes in boron from three different sources, 
California, Tuscan}, and Asia Minor (e. Iso 
topes) Boron trichloride reacts immediately 
with water, yielding bone and hydrochloric 
acids. It forms addition compound-*, e y 
BCI 3 ,POCIj , BCI s ,12H 2 S , BCI„4FeCI 3 
Ethyl borate and hydrochloric acid result front 
its action on alcohol. With ammonia at —23° 
it gives boramide, at 0° bonmide Boron 
tnchlondc has been claimed as a refrigerant in 
C.P. 574562. 

Boron Tribromide, BBr s , prepared by heat 
ing boron in bromine vapour, is a colourless, 
fuming liquid, m p. —460°, bp 90 l°/740 mm. 
(A. Stock and E. Kuss, Ber 1914, 47, 3114 , 
1923, 56, [B], 1463). It reacts violently with 
water, forma addition compounds with salts 
and esters, and resembles boron trichloride in 
its reaction with ammonia at low temperatures 
As a reagent containing boron it is more 
convenient than the trichloride as it can be 
purified from silicon compounds by distillation 
under ordinary pressure 

Boron Triodide, Bl s — H Moissan (Compt 
rend. 1891, 112, 717 ; 1892, 114, 622) 

obtamed the compound as a crystalline sub- 
limate when hydrogen iodide was passed over 
strongly heated amorphous boron, prepared by 
the method of Devdle and Wohler (sodium 
reduction of bone oxide), which contains bondes 
of sodium and iron to which it owes its reactivity. 
Moissan’a purified amorphous boron is useless for 
the purpose. Boren tnodide forms colourless 
transparent ciystals, mp 43°, bp 210°, it 
reacts violently with water forming h}dnodic 
and bone acids 

Metallic Bondes. — According to L Hackspill 
(Helv. Chim, Acta, 1933, 16, 1118) boron 
combines with all the metals except gold, silver, 
and copper A number of bondes have been 
described (see J W. Mellor, “Inorganic 
Chemistry,” V, 1924, 23-32) and are usually 
prepared by heating the metal with amorphous 
boron, or with bone oxide, or in the vapour of 
boron tnchlonde. 

Magnesium Boride, Mg 3 B 2 (A. Stock el al„ 
Ber. 1912, 45. 3543 ; 1923, 56, [B], 790) 
has frequently been used as a source of boron 
hydrides. Aluminium bondes have been men 
tioned under Crystalline Boron (supra, p. 36). 

Technical iron boride (B 20%) and manganese 
boride (B 30-35%) are mixtures of several 
bondes differing in their resistance to attack by 
chlorine and acids { J. Hoffmann, Z anorg. Chem 
1910, 66, 394). These bondes have been added 
to alloy steels to increase the hardness. L 
Andneux (Ann. Chim. Phys. 1929, [x], 12, 423), 
by electrolysis of a mixture of the borate and 
fluoride of the metal, obtamed CaB., SrB 
B a B„ and Mn B. By employing a mixture of 
fluoride and borate of a metal of the alkalis or 
of the alkaline earths with the oxide of a metal ! 


of which the bonde was required, he prepared 
CeB., LaB„ NdB e , GdB s , YB 6 , ErB„ 
ThB g , Zn 3 B 4 , TiB 2 , VB 2 , CfjBj, UB„ and 
MnB. According to B.P, 440764, 6/1/36, 
bondes of metals other than alkali metals are 
obtained by the electrolysis of a molten bath 
of bone oxide and the chloride and/or oxide of 
the metal whose bonde is to be prepared. 

Zr-B,, VB, UBj, and WB 2 were prepared by 
Tucker and Moody (J.C S. 1902, 81, 14), Wede 
kind (Ber 1913, 46, 1 198) by heating the metals 
with boron in an electric vacuum furnace to 
1,600°-2,200°. C. Agte and K. Moers (Z anorg 
Chem. 1931, 198, 233) prepared the borides of 
Ti, Zr, H f, V, and Ta in email yield, but 
relatively pure, by a “ growth ” method, 
in which a tungsten wire is heated electrical!) 
to a high temperature in a mixture of the 
vapours of boron tribromide and of the metallic 
chloride, and hydrogen. The metallic bonde is 
deposited on the wire. Tungsten bonde melts at 
3,195° aba, zirconium bonde at 3,265° abs, 
hafnium bonde at 3,335° abs. Their electoral 
conductivities are remarkably high, they con 
duct electricity better than the free metals 
Their hardness is greater than that of corundum 
(K. Becker, “ Hochschmelzende Hartstoffe,” 
Berlin, 1935, pp. 35, 36, 55, 57, 61). 

Boron Carbides. — These are very hard cry- 
stalline substances of varying composition; pro 
ducts approximating to B g C, B 4 C, B 3 C, and 
BC havo been described as well as some of 
intermediate composition. 

The Carbide B 4 C. — A. Joly (Compt. rend. 
1883, 97, 456) separated some crystals from the 
products of interaction of aluminium and 
bone oxide contained m a carbon crucible, which 
consisted of boron and carbon (15 7%) corre- 
sponding to B g C, and had the density, at 17°, 
2 542. II. Moissan (ibid. 1894, 118, 55G) pre 
pared this carbide by heating boron in a closed 
carbon crucible to a \ ery lugh temperature, or in 
well defined crystals by fusmg copper or Bilver 
with which boron and sugar charcoal had been 
previously mix ed. After removing the metal 
with mtne acid and the excess of carbon by 
repeated treatments with nitric acid and 
potassium chlorate, and finally boiling the 
residue with sulphuric acid, bnfliant black 
crystals were obtamed of density 2 51. These 
were very brittle and bo hard that they could 
be used for polishing diamonds. They take 
fire at 1,000° when heated in oxygen, but no 
carbon dioxide is evolved at 500°. They' are not 
attacked by mineral acids or by hydrofluoric 
acid, but were analysed by fusion with potassium 
and sodium carbonates, acidifying the cold 
product and distilling off the boric acid with 
methyl alcohol on to a known w eight of calciom 
oxide and weighing the boric oxide as calcium 
borate. Carbon was estimated by combustion 
w ith lead chromate. S. A. Tucker and H. J. W 
Bliss (J. Amer. Chem. Soc. 1906, 23, 605) made 
this carbide (82 8% B) by adding boric oxide 
through a hollow carbon electrode to petroleum 
coke contained in a graphite crucible which 
served as the other pole of an electric are. 
Hard alloys containing B g C have been made 
by F. Krupp A.-G. (B.P. 378484, 4/5/31). 

The Carbide B 4 C is the composition o' a 
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commercial boron carbide described by R. B. 
Ridgway (Trans. Amer. Electrochem. Soc. 1934, 
66, 177 ; U.S.P. 1897214, 1933). Boric oxide is 
heated with coke in an electric resistance 
furnace to 2,500°-2,600°, the melt contains a 
core of crystalline boride approximating to 
B 4 C. Its properties are density 2-508-2-522, 
resistivity 20°, 9-445 ohms/cm. 3 ; the coefficient 
of thermal expansion between 25° and 800° is 
4-5 X 10 -6 ; its hardness is intermediate between 
carborundum and diamond. It is not attacked 
by acids or by alkaline solutions, but when 
powdered and heated will oxidise rapidly in 
air. Moulded articles can be made of the 
carbide, which is used for nozzles for sand- 
blasting, for dies for wire drawing, as a sub- 
stitute for jewel bearings, and for thread 
guides. 

The Carbide B 3 C. — A carbide corresponding 
to this composition has been made by E. 
Podszus (Z. anorg. Chem. 1933, 211, 41) by 
heating to a very high temperature a mixture of 
boron nitride with sugar charcoal, placed 
between carbon electrodes. Large octahedra of 
B 6 C are formed at the same time. B 3 C is 
harder than B 6 C (c/. B.P. 204337, Conv. 
20/9/22, assigned to Hartstoff-Metall Akt. Ges.). 

The Carbide BC was obtained by O. Miihl- 
haeuser (Z. anorg. Chem. 1894, 5, 92) as black 
spherical masses, containing 51 -2 % C, by heating 
100 parts of boric oxido with 160 parts of 
carbon in an electric furnace. 

Silicon Borides, SiB 3 and Si B 6 , hard black 
crystals, were made by heating the mixtures of 
the elements (H. Moissan, Compt. rend. 1900, 
131, 139). 

Boron Sulphide, B 2 S 3 , may be prepared as 
a crystalline sublimato by passing sulphur 
vapour, entrained by hydrogen, over amorphous 
boron heated to 1,200° (H. Moissan, Compt. 
rend. 1892, 114, 618 ; 115, 203). Hydrogen 
sulphide mixed with hydrogen gives improved 
results at 1,500° (Costeanu, ibid. 1913, 157, 934). 
J. Hoffmann’s product, obtained by passing 
hydrogen sulphide over iron or manganese boride 
at 200°-300°, was a mixture in varying pro- 
portions of B 2 S 3 with B 2 S 3 -H 2 S. (Z. anorg. 
Chem. 1910, 66, 368). Boron trisulphide forms 
glistening white needles, and is also obtained as 
white amorphous, and as transparent vitreous, 
masses. It begins to melt at 310°, its density 
is 1-55 (Moissan). Water decomposes it giving 
hydrogen sulphide and boric acid. 

Boron Hydrosulphide, B 2 S 3 -H 2 S (boron 
sulphide thiohydrate), was prepared by A. 
Stock el al. (Ber. 1901, 34, 399, 3039) by 
passing hydrogen sulphide for six days into a 
boiling solution of borontribromide dissolved in 
its own weight of carbon disulphide; the solution 
evaporated in vacuo left crystalline B 2 S 3 ,H 2 S, 
m.p. 120°, in a sealed tube. It loses H 2 S slowly 
at ordinary temperatures, rapidly at 100° ; 
water reacts violently yielding H 2 S and 
Mal30 3 . 

Boron Oxides. — Boron Sub-oxides. — E. 
Weintraub considered that Moissan’s amor- 
phous boron contained boron sub-oxides, 
B 6 0 (Ind. Eng. Chem. 1911, 3, 299) or B,0 
(Trans. Amer. Electrochem. Soc. 1909, 16, 
173). Their properties are those ascribed 
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to Moissan’s boron. H. H. Kahlenberg 
(Trans. Amer. Electrochem. Soc. 1925, 47, 
59) prepared Moissan’s boron (of gross com- 
position B,0) which after boiling with 1% 
KOH solution washing and drying, gave 
analytical figures corresponding to B s O. 
This was heated with gold chloride solution, 
in which boron dissolves while gold is deposited. 
The residue after removal of gold was a brown 
powder not attacked by hot hydrochloric or 
sulphuric acids. Its composition was repre- 
sented by B a O. 

Boron Monoxide, BO. — The spectrum of BO 
has been studied by several authors for the 
purpose of calculating the proportion of the 
isotopes 10 BO and 11 BO and thus arriving at a 
value for the atomic weight of boron. The 
vapour of boron trichloride is passed into a 
current of active nitrogen containing the 
necessaiy trace of oxygen (A. Elliott, Proc. Phys. 
Soc. 1933, 45, 627). The spectrum of a carbon 
are fed with borax, contains fines between 3,600 
and 7,000 A ascribed by Mulliken (Physical 
Rev. 1925, [ii], 25, 259) to boron monoxide 
(W. Scheib, Z. Physik, 1930, 60, 74). 

B 2 0 2 and B 4 0 5 . — M. W. Travers, N. M. 
Gupta, and R. C. Ray, in “ Some Compounds 
of Boron, Oxygen, and Hydrogen,” London, 
1916, describe the preparation of two lower 
oxides of boron, B 2 0 2 and B 4 O s , and of boro- 
hydrates which form salts with alkalis. Mag- 
nesium boride, Mg 3 B 2 , was first prepared by 
heating 2 parts of magnesium powder with 
1 part of boric oxide in a current of hydrogen 
(Ray, J.C.S. 1914, 104, 2162). The product was 
powdered and extracted with water. Provided 
the magnesium had been completely converted 
into boride, a solution was obtained which, when 
made strongly alkaline with ammonia, filtered, 
and evaporated, left a residue consisting mainly 
of B 2 0 2 . Its solution gives off hydrogen in 
contact with all surfaces, and is a powerful 
reducing agent precipitating red copper hydride 
from cupric salts, or, if concentrated, a precipitate 
containing copper and boron. The solution is 
believed to contain H 6 B 2 0 2 , it evolves 4 atoms 
of hydrogen on treatment with acids, the other 
two hydrogen atoms are removable by iodine. 
By treating magnesium boride with dilute 
potassium hydroxide solution and evaporating 
the filtrate, Ray obtained crystalline K„B,OoH, 
(J.C.S. 1922, 121, 1090). The oxide”, B 4 O b , 
contained in the residue from the evaporation 
of an ammoniacal extract of magnesium boride 
had previously been prepared (ibid. 1918, 113, 
803 ; see also Quart. J. Indian Chem. Soc. 1924, 
1, 125). It is very unstable and readily oxidised 
to boric acid. 

B 2 (OH) 4 ?. — A. Stock et al. (Ber. 1925, 
58 [B], 655) obtained a solution considered to 
contain this or another new — B : B — oxide 
by the action of water On B 2 CI 4 , v.t. 0°/44 mm., 
prepared by reducing BCI 3 in a zinc arc. 

Potassium Hypoborale, KH 3 BO (A. Stock 
and E. Kuss, Ber. 1914, 47, 810), was obtained as 
colourless crystals by shaking dihydrotetra- 

b orano, B 4 H 4 0 at 0° with a fr ozen 40 % pot assium 
hydroxide solution : 

B 4 Hi 0 +4KOH=4KH 3 BO+H 2 
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The aqueous solution of the salt when boiled 
or acidified gives ofl hydrogen, about S00 c e. 
from I g. and yields bone acid. The solution 
does not absorb atmospheric oxygen although 
it u a powerful reducing agent, precipitating 
copper hydride from cupric sulphate solution 
and evolving hydrogen. Even a very dilate 
solution of the hvpoborate precipitates black 
nickel bond*, Nt.B, from a mckeloos sulphate 
eolation (A SteA, “ Hydrides of Boron and 
S Eicon," 1923. p. 145) When the salt is heated 
in a vacuum it lo«es water and hydrogen at 
] ] 0% and at 400 s -450* metallic potassium distils 
over, while hydrogen is still evolved. 

Bone On it. Boron Tnozvie, Bone Anhydride, 
B i O J , is formed when boron is burnt in oxygen ; 
m air some boron nitride u also produced. 
It is usually prepared by dehydrating bone 
acid by heating it to redness in a platinum 
crucible and pouring the clear melt on to 
platinum foil ; it forms a very hard glassy mass, 
which rapidly absorbs water while being pulver- 
ised. A white friable mass, which ls a more 
convenient form for subsequent operations, is 
obtained by slowly heating boric acid to 200% 
avoiding fusion, m vacuo over phosphorus 
pentoxide. S. S. Cole and N. W Taylor (J. Amer. 
Chem. Soc. 1934,66, 164S; J. Amer. Ceram. Soc. 
1935, IB, 55) prepared a previously unknown 
crystalline bone oxide by heating tone acid in 
vacuo to 225* for 400 home. The X ray pattern 
then showed about 12 sharp lines instead of the 
diffused 294“ band of bone oxide glass. It has 
mp. 294ml 8 . d”. 1-605; 1-453. Bone 

aad glass has the tF* 1-344. These authors 
asenbe the erroneous imps. 577 s and 1,300’ 
recorded in the literature to the high viscosity 
of the glassy form. Bnscoe, Robinson, and 
Stephenson (J.C.S. 1926, 77) found the mean 
density of pure fused bone oxide glass to be 
1 7932 ; Californian B,0, at 17 36 s , 1-79711, 
Peruvian B t O, at 19 25 s , 1-79404, were the 
extreme values for B,0, from six different 
sources. They remark (lx. 7S) that the commonly 
accepted value is 1 S3. Mott {Trans. Amer. 
Electrochem. Soc. 1918, 34. 2G4) determined 
th» b p. by an approximate method to be 1,500* 
under atmosphenc pressure. Wartenberg and 
Berne (Z. chem. Apparatenk. 1922, 23, 3S4) 
stated that the boihng.pomt was not reached at 
1,501 s under 133 mm. pressure. Boric oxide is 
notably volatile at 1,000 s according to Tiede and 
Birnfcr&uer (Z. anorg. Chem. 1914, 87, 129). 
Bedson and Williams (Ber. 1831, 14, 2554) 
measured the refractive index of boric acid glass 
at 15 S’, with the following results : n Ha 1-46245, 
n B£ 1-47024, Uj, 1-43427. While fused bone 
oxide glass is solidifying it cracks and emits light 
{Dumas). The linear coefficients ( X 10"" 4 ) of 
thermal expansion of bone oxide are, at 10% 
14-40 ; 100 s , 14 50 ; 200% 15 3 ; 245% 19 ; 250% 
205 ; 334% 210. There u an abrupt increase at 
about 250* (M. Samsce-n, Compt. rend. 1925, 
181.354). 

Boric oxide reacts with water, with evolution 
of considerable heat, the mixture sometimes 
boiling : 

B t O J 4-3H,O~2H J B0 1 M6 S kg. caL 
(Berthelot, Ann. Chim Phy*. 1S79 [v], 17, 133). 


The powdered oxide prepared by Walton and 
Rosenbaum (J. Amer. Chem. Soc. 1923, 50, 
1&4S) is a rapid and efficient drying agent for 
gases until it contains 25% water. The reactions 
of bone oxide with sodium, potassium, mag- 
nesium, calcium and aluminium have been 
considered under Preparation of Boron, with 
carbon under Boron Carbide, with nitrogen and 
carbon under Boron A’itnde, with carbon and 
chlorine under Boron Trichloride, 

Bone onde is not reduced by phosphorus; 
phosphorus pentoxide forms boron phosphate, 
B PO t , and arsenic oxide yields BAs0 4 . It 
dissolves m hot sulphuric acid to a very -viscous 
solution, and forms double compounds with 
sulphur trioxide, & t O s ,SO a , and 6202,2802- 
Hydrogen fiuonde converts the oxide into boron 
trifiuonde BF,. hydrofluoric acid dissolves it 
rapidly, yielding a solution of tetrafluoboric 
acid, H BF <( and probably another fluoborie acid 
{Travers and Malaprade. Compt. rend. 192S, 187, 
765). At a red heat boric oxide decomposes 
many inorganic salts, forming borates, while the 
acids or their decomposition products are 
volatilised , under the same conditions many 
oxides are dissolved in the fused boric oxide form- 
ing. in some cases, coloured glasses, but SiO-, 
AIjO,, Cr,0„ SnOf, MoO* UO*. 11,0*, 
ZrOj, ThOf, YjOj, Er,Oj are insolable up to 
1,400’. Crystalline borates were prepared by 
Ouveard (Compt. rend. 1900, 130, 172, 335 ; 
1901, 132, 257) by fusing a mixture of a metallic 
oxide (CaO, SrO, BaO, CdO. ZnO, NiO, 
MnO) with boric oxide and acid potassium 
fluoride. 

Highly phosphorescent substances, " boric acid 
phosphors," consist of bone onde or of partly 
dehydrated boric acid, containing traces of 
organic substances, e g. orthoboric acid heated 
to 170% with from 0-0001% to 0-01 % fluorescein 
{Shirov, 1931, A. 696 ; Tiede and Thimann, Ber. 
1926, 59, [B], 1706 ; Tiede and Ragoss, Ber. 
1923, 56, [B], 655). 1 g. of boric acid is mixed 
with a few drops of an alcoholic fluorescein 
solution and the mixture heated until it is almost 
completely fused hut not completely dehydrated. 
After exposure to light the material will glow 
brightly for about two minutes. 

Bone Acid, Boracie Acid, OrtAoborie Acid, 
H,BOj, occurs in the steam of the Tuscan 
soffiom (c. Occurrence), from which it is recovered. 
It is manufactured from native borax or a 
borate mineral, such as rasorite, 
Na 1 B 4 0.,4H 1 0 ; 

nlexite, NaCaBjO,,8H,0 ; coJemanite, 
CajBjOjj.SHjO ; and pandennite, 

Ca s B n O, t .9H t O. 

A solution of borax or a suspension of the 
ground minerals is digested with dilute sulphuric 
acid and steam is blown through the mixture. 
The calcium sulphate formed from the minerals 
last mentioned is filtered oS, boric acid crystal- 
lises from the filtrate. Sodium bisulphate may 
be used instead of sulphuric acid (A. Kelly, 
BB. 351810, 20/8/30). Sulphur dioxide is 
employed in U.S.P. 1612535, 13/9/27, AppL 
4/9/24). The boric acid is crystallised oat at 
a temperature just above that at which sodium 
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sulphate begins to crystallise and a cycle of 
operations is then commenced (B.P. 294236, 
7/0/28 of the American Potash and Chemical 
Corp.). Orthoboric acid is readily obtained 
by treating a solution of 3 parts borax in 12 
parts hot water with 1 part sulphuric acid. . On 
cooling boric acid separates out, and is purified 
by one or- more recrystallisations from water. 
Boric acid forms white, translucent, shining 
scales which are unctuous to the touch, or 
triclinic crystals from solutions containing 
sulphuric acid. When heated to 107° it is 
converted into metaboric acid HB0 2 , and into 
pyroboric acid H 2 B 4 0 7 , at 140° (Nasini and 
Ageno, Gazzetta, 1911,41 fi], 131). Above 184°, 
B 2 0 3 , boric acid glass, is formed, 

Sborgi and .Ferri (Atti R. Accad. Lincei, 
1920, [v], 13, 58G) have published the following 
values of the solubility of boric acid in water : 


Tempera- 
ture °C. 

g. H 3 B0 3 per 
100 g. solution. 

Tempera- 
ture °C. 

g. H 3 B0 3 per 
100 g. solution. 

0° 

2-59 

60° 

12-88 

10° 

3-47 

69° 

15-58 

21° 

4-89 

80° 

19-10 

31° 

6-43 

90° 

23-94 

40° 

S-02 

99-5° 

28-09 

50° 

10-35 




Bock (Ann. Physik, 1S87, 30, 638) determined 
the sp.gr. and conductivity of boric acid 
solutions at 18° : 


g. H 3 B0 3 in 

100 g. solution. 

Specific gravity. 

Conductivity 

10 8 x K. 

0-776 

1-0029 

0-0483 

1-92 

1-0073 

0-1322 

2-88 

1-0109 

0-2246 

3-612 

1-0131 

0-3217 


Boric acid in solution is one of the worst 
conductors ; the distilled water used in pre- 
paring the solutions had at 20° KxlO 8 , 0-028. 
International Critical Tables III, 70 (1928), 
Gerlach (Z. anal. Chem. 1869, 8, 245), give the 
following values for the density, 15°/4°, of 
boric acid solutions : 1% H 3 B0 3 , 1-0045; 

2%, 1-0103 ; 3%, 1-0165. Myers (J.C.S. 1917, 
111, 178) found that the hydration of boron 
trioxide takes place in two stages, first to meta- 
boric acid, HBO a , and then to orthoboric acid. 
Menzel, Schulz, and Deckert (Z. anorg. Chem. 
1934, 220, 49) from vapour tension measure- 
ments and X-ray analysis of the system B 2 0 3 — 
HjO, couclude that'HB0 2 and H 3 B0 3 are 
the only hydrates formed. Bezzi (Annali 
Chim. Appl. 1932, 22, 713) found that ortho- 
boric acid begins to be converted into the meta- 
acid at 50°, at 100° the meta-acid is stable and 
not volatile, ortho-acid is alone volatile in steam 
up to temperatures slightly above 100°. 
Anschutz and Riepenkroger (Ber. 1925, 58, [B], 
1734) considered that orthoboric acid dissociates 
into water and the meta-acid when the tempera- 
ture is sufficiently high, and the latter acid then 
volatilises with steam. Nasini (Atti R. Accad. 
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Lincei, 1926, [vi], 3, 27) maintains that ortho- 
boric acid distils in steam at reduced pressures 
if the temperature is not below 60° ; at higher 
temperatures it volatilises even at the ordinary 
pressure. The loss sustained by evaporating an 
aqueous solution at 65° is 0-20% of the water 
evaporated (Nasini and Ageno, ibid. 1912, [v], 21, 
ii, 125). HjB 0 3 is readily volatilised in the 
vapour of methyl alcohol even at room tempera- 
ture, ethyl alcohol is less efficient (c/. 1936, A. 
1062). Boric aeid-is soluble in gh-cerol 1 in 4 
parts, and in alcohol 1 in 30 parts. Its solubility 
in water is increased by additions of glycerol, 
mannitol, tartaric acid and oxalio acid, and 
diminished by sulphuric, nitric, hydrochlorio 
and acetic acids. 

Boric acid has mild antiseptic properties, 
but does not destroy putrefactive bacteria 
although it inhibits their growth. Its use as 
a food preservative is no longer permitted in 
Great Britain. It is an ingredient of mouth 
washes, eye lotions and antiseptio dusting 
powders. A solution of boric acid or borax, but 
chiefly the latter, is used in the citrus industry 
for washing oranges prior to packing for ship- 
ment to distant markets, an enormous tonnage 
being treated per annum in the United States, 
thus greatly reducing the loss due to spoilage 
of the fruit by moulds (cf. “ Borates,’’ 1933, 
p. 11, Imperial Institute, London). 

Boric acid has a marked tendency to form 
complex compounds, e.g. boroarsenites, boro- 
tungstates, boromolybdates, borovanadates, 
boromalates, borotartrates. Fox and Gauge 
(J.C.S. 1911, 99, 1075) isolated mannitoboric 
acid, m.p. 89-5°, by means of the reaction 
C 6 H aJ 0 6 +H 3 B0 3 -H s 0=C 6 H 15 0 8 B. The 
complex acids formed in mannitol and glycerol 
solutions are comparatively strong acids, of 
importance for analysis. For the manufacture 
of boric acid in Italy, see Production (p. 40). 

Metaboric Acid, HBO, or B a 0 3 -H 2 0, is a 
product of dehydrating boric acid ( v . supra). 
At 100° the tension of dissociation is 60 mm., 
becoming almost zero when the reaction 

h 3 bo 3 =hbo,+ h 2 o 

is complete (Lescceur, Ann. Chim. Phys. 1S90, 
[vi], 19, 42). In moist air or in aqueous solution 
metaboric acid is converted, with measurable 
velocity, into orthoboric acid (Mj'ers, J.C.S. 
1917, 111, 172). 

Pyroboric Acid, Tetraboric Acid, H„B 4 0 7 . — A 
residue corresponding to this composition has 
been obtained several times by dehydrating 
boric acid at 130° (Menzel el al., l.c.) or at 140° 
(Nasini and Ageno, l.c.), but according to the 
first-named authors the product is a mixture of 
HB0 2 and B 2 0 3 . For the salts of this acid, 
see Borates ( infra ). 

Metallic Borates. 

Borates are obtained by the action of boric 
acid on metallic oxides or their salts, in solution 
or by fusion. 

In solution boric acid is a very weak acid: a 
coffi saturated aqueous solution colours litmus 
a wine-red ; a hot saturated solution gives a 
bright red colour. It is expelled by almost all 
acids from its combinations, partially so even bv 
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carbonic acid and hydrogen sulphide. A boiling 
concentrated solution, however, decomposes 
carbonates and soluble sulphides and manganese 
sulphide Hackspill, Rollett and Andres 
(Compt. rend. 1931, 192, 48) heated mixtures of 
alkali chlorides with a large excess of bone acid 
in steam at 100°-150°, and found that after 
30 minutes the hydrochlonc acid was com 
pletely evolved, leaving a pentaborate, 
MjO,5Bj0 3 , except m the case of sodium 
chloride, when a chloroborate, 

Na z O 5B,0„NaCI, 

is produced ; whilst sodium nitrate yields a 
tnborate, Na 2 0,3B 2 0 3 . 

At high temperatures, fused bone acid is 
capable of decomposing the salts of all more 
volatile acids. 

The borates of the alkah metals are soluble m 
water, but precipitated by alcohol. The borates 
of the other metals are insoluble, or sparingly 
so in water Soluble borates produce precipi- 
tates in solutions of salts of calcium, banum, 
strontium, nickel and cobalt, and of ferric salts 
which are soluble in ammonium chlonds. 

Anhydrous borates are produced by fusing 
bone oxide at 1,350°-1,450° for 3 hours with 
the equivalent quantity of a metallic oxide 
(valency of metal at oms=- valency of boron 
atoms). The oxides soluble in bone oxide form 
three groups (1) The oxides of lithium, potas- 
sium, sodium, rubidium, cjesiom, thallium and 
silver produce clear fusions which either 
crystallise or leave clear glasses on cooling. 

(2) Cuprous oxide, and oxides of lead, bismuth, 
antimony, arsenic, titanium, molybdenum 
and tungsten produce clear fusions at high 
temperatures which form suspensions on cooling. 

(3) The oxides of calcium, strontium, barium, 
magnesium, zinc, cadmium, manganese, iron, 
cobalt and nickel do not give homogeneous 
fusions, but separate into two layers. Beryllium 
oxide, titanium dioxide, and sihea are insoluble 
in fused boric oxide (W. Guertler, J.S.C I. 1908, 
27. 158 ; Z anorg Chem. 1904, 40, 225) 

Borates have also been prepared electrolyti- 
cally by Levi and Castellan i by electrolysing 
bone and and an alkaline earth c blonde in a 
divided cell f J S C I. 1909, 28, 248) 

Ammonium borates. — Laderelhte, 
(NH t ) l B 16 0 1 „6H 1 0. 

occurs in the Tuscan lagoons in small crystalline 
rbomboidal plates (D’Achiardi, Chem. Soc. 
Abstr. 1900, 600). Of the eleven ammonium 
borates which had been described, U. Sborgi 
(Atti R. Accad. Lmcei, 1912, [v], 21, li, 855) 
obtained only one, viz. (NH 4 ) 2 0,5B 2 0 3 ,8H 2 0, 
and, in addition, a new borate, 

2(N H 4 ) 2 0,4B 2 0 3 ,5H 2 0, 
by keeping mixtures of ammonia, boric oxide, 
and water at 30° until equilibnum was obtained. 
At 60’ the first named salt exists and also 
(NH 4 ) 2 0,4B 2 0 3 ,6H 2 O, and 

(NH 4 ) 2 0,2B 2 0 S ,4H 2 0 
(tb/d., 1915, [vj, 24, i, 1225 ; cf. Menzel, Z. anorg. 
Chem. 1927, 164, 22). 

Barium borates. — The interaction of banum 
hydroxide and boric acid in aqueous solution has 


been studied by Sborgi (Atti R. Accad. Lincei, 
1914, [v], 23, i, 330, 717, 834). The only stable 
compounds which appear to exist are the two 
triborates, Ba0,3B.0 3 ,7H 2 0 and 
2Ba0,3B 2 0 3 ,6H 2 0, 
and the metaborate Ba0,B,0 3 ,4H 2 0. 

Calci u m b orates . — Hydrated calcium borates 
occur as the important minerals colemamtc, 
Ca 2 B # 0jj,5H 2 0, and pandenmte, 
Ca s B l2 0 23 ,9H 2 0, 

as mined, nearly similar to the Oregon mineral 
pnceite Ca,B, 0 O„,7HjO. Sborgi (ibid. 1913, 
[v], 22, i, 798) prepared tw o borates stable in 
water at 30°, 

Ca0,B 2 0 3 ,6H 2 0 and 2CaO,3B 2 O 3 ,9H 2 0. 

Copper borate, CuO,B 2 O s , blue crystals, 
is obtained by fusing cupnc oxide with an 
excess of boric oxide, and has been proposed as a 
pigment, being used m the colounng of porcelain. 

Lead borates. — By mixing concentrated 
solutions of lead nitrate and borax, the meta- 
borate Pb(B0 2 ) 2 ,H 2 0 is precipitated, and by 
the use of solutions of smaller concentrations 
Rose obtained many basic salts. They all melt 
on stroDg heatmg to colourless or light-yellow, 
highly refractive glasses, the hardness increasing 
with the boron content. Glasses may be ob- 
tained by fusing together lead oxide and bone 
acid m any proportions greater than 0 0725 
equivalent of 3(PbO) to 1 equivalent B 2 0 2 , but 
below this limit a suspension is formed on cooling. 
(Guertler, Z. anorg Chem. 1904, 40, 227). 
Precipitated lead borate is used as a dner in 
boded linseed oil and m mixed paints. 

Magnesium chloro-borate is found m 
northern Germany as the crystalline mineral 
boracite (gt\), 6Mg0.MgCI 2 ,8B 2 0 3 , also 

described as 5Mg0,MgCI 2 ,7B 2 O 3 . 

Manganese borate, a crystalline precipitate, 
Mn 4 H(B 0 3 ) 2 Hj 0 , from mixed solutions of 
borax and manganous sulphate (Hartley and 
Ramage, J.C S 1893, 63, 129), is used as a paint 
drier. 

Potassium borates. — Dukelski (Z. anorg. 
Chem. 1906, 50, 38 ; 1907, 54, 45) describes 
three salts Btable at ordinary temperatures: 
K z O,B 2 O s ,2 5H 2 0 ; K t 0,2B s 0,,4H 2 0.; 

K t O,5B t G 3 ,4H t O. Roilet and Andris (Compt. 
rend. 1930, 191, 567) prepared potassium 
pentaborate, K B s O a ,4 H 2 0, by adding potassium 
chloride solution to one containing ammonia and 
bone acid m the proportions required for 
(NH 4 )B s O s . 

Sodium borates. — The only commercially 
important compounds are sodium diborate 
(r. Borax), the perborate and the metaborate 
NaB0.,4H 2 0. 

Acid borates Na 2 0-3B 2 0 3 and Na 2 0,4B 2 0 3 , 
melting at 694° and 783’ respectively, may be 
obtained by fusing mixtures of borax and boron 
tnoxide (Ponomarev, Z. anorg. Chem. 1914, 
89, 3 S3). 

Sodium Dilorale, Borax, Sodium Tetraborate, 
Na 2 B 4 O-,10H 2 O — Borax occurs In the crude 
state m what are termed borax marshes, which 
are generally the bottoms of dried! up lakes, or, 
where tincal is found, lakes that are nearly 
dried. The crude borax in the former instances 
is found lying on the surface of the plain, of a 
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peculiar greyish-yellow colour, having a depth of 
from 1 in. to 18 in. It is generally associated 
with other substances, both soluble and 
insoluble, e.g. NaCI, Na 2 S0 4 , Na 2 C0 3 , 

CaC0 3 , A1 2 0 3 , Fe 2 O a , sand. 

Borax is now manufactured from rasoriie 
{ kernile ), Na 2 B 4 0 7 ,4H 2 0, which is the most 
important boron mineral, and is found in 
California. It was discovered in 1926, and on 
account of its composition and economical 
working, it has entirely replaced the other 
boron minerals in the manufacture of borax. 

The crude mineral, as mined, consists of 
rasorite and gangue (shale and clay). The bulk 
of the latter is removed by mechanical means 
before despatching it from the mines. The 
process consists of crushing and grinding the 
freshly mined ore, which is then passed through 
an electro-magnetic separation plant. In this 
way the more magnetic part (shale) is separated 
to a great extent from the less magnetic part 
(rasorite). The mineral is further subjected to a 
current of air at about 130°C. in a rotary drier, 
whereby it loses part of its water of crystallisa- 
tion. A product is finally obtained which is 
stable, fairly uniform, and contains about 45% 

b 2 o 3 . 

The manufacture of borax from rasorite 
concentrates comprises several steps. The ore 
is treated first with, hot water and/or mother 
liquor from a previous extraction, whereby 
borax goes into solution. If the solution con- 
tains dissolved silica, the latter should be 
rendered insoluble by adding . a precipitating 
agent, after which the hot solution containing 
about 35-37% borax is filtered, the insoluble 
residue going to waste. The hot filtrate is 
diluted to a strength of 30-33% borax, and, if 
necessary, treated with an oxidising agent 
to destroy any colouring matter that may be 
present. A second filtration follows, and the 
borax is obtained from the resulting clear solu- 
tion by crystallisation, which is carried out by 
cooling either slowly or rapidly. In the former 
case, crystallisation takes place in large iron 
tanks, the time for the solution to cool down 
being 5 or 6 days, and the product consisting of 
large, well-developed crystals. 

By the second method, the hot solution enters 
a vessel equipped with an artificial cooling 
device and an automatic stirrer, by the use of 
which the borax is obtained in a granular 
form in from 3 to 5 hours. The granulated 
borax is separated from the mother liquors by 
centrifugal machines and finally dried in a 
special dryer using a current of hot air. Crystal- 
lisation under vacuum is also employed in the 
production of granulated borax from hot 
solutions. , 

Before the discovery of rasorite, borax was 
made exclusively from the calcium borate 
ores, colemanite and ulexite. These ores had 
to bo concentrated by calcination and a separa- 
tion process in order to increase their boron 
values. The manufacturing steps in the process 
of making borax from these minerals were 
similar to those used for rasorite. However, 
the cost of production from calcium borate 
minerals is much heavier than from rasorite, 
because the plant has to bo larger and more 
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elaborate. These ores have to be decomposed 
by means of soda ash and bicarbonate of soda 
(mostly under pressure) whereby sodium 
borate and calcium carbonate are formed 
at the same time ; the latter goes to waste, 
but requires an extensive filter press installa- 
tion. The handling of this large quantity of 
waste product usually presents difficulties and 
increases manufacturing costs. Evaporation of 
mother liquors which eventually become foul 
and run to waste is necessaiy when borate of 
lime, especially ulexite, has to be worked, the 
consequence being lower production and 
increased costs. 

The increasing uses of borax for industrial 
purposes have been stimulated by the low 
prices of this product, which stand, in most 
countries, at levels lower than pre-war. This 
has been made possible by the discovery 
of rasorite, from which, for reasons stated above, 
borax can be manufactured much more cheaply 
than from the calcium borate ores formerly 
employed. \ 

Proper-lies. — Borax forms two varieties of 
crystals, (1) the decahydrate, which is produced 
by allowing solutions of borax to crystallise by 
cooling down to the ordinary temperature ; (2) 
the so-called octahedral borax (actually hexa- 
gonal), apentahydrate which separates out when 
the solution is allowed to crystallise above 62°. 

(1) Ordinary or prismatic borax, 

Na 2 B 4 O 7 ,10H 2 O, 

forms large transparent monoclinic prisms with 
truncated lateral edges. They effloresce when 
exposed to the air, have a rather sweet, cooling, 
alkaline taste, and a sp.gr. variously stated as 
1-692-1-757. When heated they melt in their 
water of crystallisation, swell up, and leave 
a porous spongy mass, called burnt or calcined 
borax ( borax usla), and fuse at a red heat to 
a colourless anhydrous glass (vitrified borax) 
with a sp.gr. of 2-36, which slowly absorbs 
water from the air, reforming prismatic borax. 
At 62° the decahydrate undergoes transition 
into the pentahydrate Na 2 B 4 0 7 ,5H 2 0. At 
130° the salt contains 3 mols. H n O ; at 150°, 
2 mols. H 2 0 ; at 180°, 1 mol. H 2 0. At 318° 
it becomes anhydrous. At very low vapour 
pressures of water fresh borax passes irreversibly 
into an amorphous material with about 2H 2 0, 
which may bo rehydrated to the pentahydrate. 
Anhydrous Na 2 B 4 0 7 , m.p. 741°, crystallises 
rapidly at 600° (Menzel et al., Z. anorg. Chem. 
1935, 224, 1). Na 2 B 4 0-,4H 2 0 (c/. rasorite, 

supra) does not occur in the dehydration of 
higher hydrates. In vacuo at 60° borax quickly 
evolves 8 mols. of water (Kieffer, Compt. rend. 
10e Congres Chim. Ind. 1930, 520). 

When borax is distilled with methyl alcohol, 
about 50% of the boric acid comes over fairly 
readily, and on longer treatment nearly 60%. 
From the liquor remaining in the flask, crystals 
of NaBOo,5CH 3 'OH separate (Polenske, 
Analyst, 1902, 27, 34). 

Borax dissolves in water, but is insoluble in 
alcohol. The aqueous solution has an alkaline 
reaction, and changes the colour of an alcoholic 
solution of turmeric to brown ; a small quantity 
of a mineral acid restores the original yellow 
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colour, but a larger quantity liberates boric acid 
in sufficient quantity to produce the character- 
istic brown coloration. Its solubility in water 
at different temperatures is show u in tbe follow- 
ing tabic ; 


SOLUBILITY OF BQJUlX 15* WAT£E 


■c. 

Solid 

g. NajB.O r 
in 100 g 
solution 

045 

ice and Na.B 4 O 7 ,t0HjO 

I-0S6 (I) 

0 

MO (2) 

10 


1 003 (2) 

16 


2-135(2) 

18 


2271(3 ) 

20 


2 520(1) 

25 


3 059 (3) 

30 


3-750 (J) 

35 


4 829 (4) 

45 

„ 

7-49 (4) 

50 


9 520 (4) 

55 


12 37 (4) 

65 

Na.B 4 b 7 .5H t O 

17-953(1) 

SO 

23 9 (4) 

102 9 
(bp) 


37 080 (4) 


(1) U Sborgi and E GaUichi (Gazzetta, 
1924, 54, 203) 

(2) U Sboigi and Cesarom (Atti Soc. Toscana, 
SO, 4, quoted in (1) ) 

(3) H 3Ienzci(Z anorg Chcm. J927, 166, 71) 

(4) U Sborgi, E. Bovalini and L Capellini 
(Gazzetta, 1924, 54, 29S). 

For conditions determining fie crystallisa- 
tion of borax, see Lew and Casteilani (Gazzetta, 
1901,40, 1, 13S). 

At the temperature of 27 , borax solutions 
hold 1 lb of borax to the imperial gallon, and 
have a spgr of 1 050, Or 10' Tw The general 
crystallising strength is 1 160 sp gr , or 32' Tw., 
when the solution holds 5 lb. of borax to the 
gallon, crystallisation commencing at Co 5®. 

The specific grouty af 15° of borax solutions 
(G T Geriach, Z anal Chem. 1889, 28, 473) is 
related to the con centra t/on, a 9 follows : 



j g Substance in 

1D0 g Solution 

Sp g 

NajBjOjIOHjO 

NijBjO, 

10049 ! 

1 

| 0 528S 

1 0099 

2 

1 0576 

1-0149 

3 

, 1 5364 

1 0199 

4 

2*1152 

) 0249 

■ 3 


1 0299 i 

1 G 

1 3 1727 


10299 1 G I 31727 

1 032 supersaturated solution at 15’ 


Borax is easily decomposed by acids. Hydro - 
rhlonc acid leave®, on ei a point ion, sodium 
chloride and free lsinc acid Carbonic acid is 
absorbed from the air by a solution of borax, and 
no borax H precipitated Oil the addition of 
ab-ohol (Schw cizer, Annalen, 1330, 76. 268) 
Saturated with sulphm tiled hydrogen hnd mixed 


with alcohol, the liquid separates on the addition 
of ether into two layers, the lower containing 
sodium sulphide, the upper free bone acid 
(Schweizer, 1 e.). With sodium fluoride it forms 
sodium fluoroborate. When 1 part tartaric 
acid is mixed with 2 parts of a hot solution 
of borax, boric acid separates out on cooling. 
If the tartanc acid be increased, the separation 
of boric acid likewise increases up to a certain 
point, after which it diminishes, and ultimately 
la no longer separated. Potassium hydrogen 
tartrate forms a double salt with borax. Silicic 
acid is insoluble, or nearly so, in solutions ol 
borax Cocaine and many alkaloids are pre- 
cipitated by borax solution. Sdver nitrate 
precipitates white AgB Oj from strong solutions 
of borax, dilute solutions yield brown Ag s O 
(Rose, Fogg Ann. 1832, 86, 470) 

Benzoic, tartaric and gallic acids are more 
soluble in borax solution than in water. Many 
fatty acids and resms, notably shellac, dissolve 
as readily in borax as in alkaline ley s, the borax 
behaving like a mixture of boric acid and free 
soda 

Anhydrous borax fuses at 741° and readily 
dissolves and unites with metallic oxides, forming 
a fusible glass of a double salt, which property 
renders it of great use m soldering and in 
metallurgical operations and in blowpipe 
analysis, the glasses thus formed often exhibiting 
characteristic colours. It is used also in the 
preparation of easily fusible glass fluxes for 
enamels and glazes. 

(2) Octahedral borax, Na,B 4 0 7 ,5H f O, is ob 
tamed by allowing a saturated solution of borax 
to cool down to about 60' in a warm place and 
removing the crystals. 

The crystals are regular, transparent octa- 
hedra, belonging to the hexagonal system, 
harder than the ordinary borax. They have a 
conehoidal fracture and a sp gr. of 1 8. They do 
not change m dry air, but absorb moisture very 
readily and become turbid. At 1)6° they 
decompose, passing into the dehydrate (Kiefier, 
Compt. rend, 10c Congres Chlm. lnd l!) 30, 
520). They fuse more readily than the prismatic 
cry stab, and with less intumescence, and with 
out decrepitating. Octahedral borax is therefore 
better adapted for soldering and as a flux than 
common borax, and the smaller quantity of 
water (a diflerence of 17%) diminishes the cost 
of transport. The prismatic variety is, how- 
ever, generally preferred, probably' because it is 
cheaper weight for weight. 

Borax effloresces, so that the B.P. standard 
demands that the salt should not contain less 
than 99 ° 0 or more than the equivalent of 103% 
of Na 4 BjO ; ,10HjO. Limit tests oro specified 
for As, Pb, Cl, SOj, and Fe In medicine it 
Is used for lotions and hair washes. Powdered 
borax is used as an insecticide 

Borax and boric acid are applied in the 
manufacturing industries as follows : 

Abrasnes — Boron carbide and silicon 

boride. 

Adhrsnes and Dutempers — Borax. a3 a solv ent 
iu the preparation of casein glues, distemper*, 
etc. 

Uriel and Tile Makers — Glazed surfaces. 

Caudle linkers. — PrepaiatlOJl of vricka. 
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Cement. — Making the finest kinds, which take 
a polish. 

China and Earthenware. — In preparing a frit 
used for the glazing of pottery of all descriptions. 

Colour Makers. — In preparing Guignet’s green 
and manganese borate. 

Coppersmiths. — In brazing. 

Electroplating. — Addition of boric acid to the 
bath for Ni, Cr, Zn and Sn plating, sodium 
perborate in Sn plating. 

Enamelled Iron. — In. enamelled coatings to 
cast and wrought iron. 

Glass. — Borosilicate heat-resisting, chemically, 
resistant and optical glasses ; also as a flux in 
the production of ordinary blown, pressed or 
drawn glass ware. 

Hat Makers. — Dissolving shellac in borax 
solution to prepare a stiffener. 

Jewellers. — As a flux in soldering. 

Laundry. — Borax in starch-glaze j sodium 
perborate in washing powders. 

Manufacturing Chemistry . — Boric acid addition 
to the sulphuric acid for sulphonation and for 
washing crude benzol. 

Metallurgy. — Very hard alloys containing 
boron. Deoxidising copper with calcium boride. 

Paper Making . — In coated paper or board. 

Preservatives. — Permitted use of borax and 
boric acid in some countries but not in Great 
Britain. 

Safe Makers. — Lining for safes to resist fire. 

Tanning. — Soaking and de-liming hides, and in 
leather-dressing. 

Textiles. — Bleaching, mordanting, fireproofing. 

Sodium Melaborate. — The inelaborate of com- 
merce is NaB0 2 ,4H 2 0, which tends to 
become covered with a white powder when 
exposed to the air. On heating in an enclosed 
space it melts in its crystal water at 53-o°C. 
At higher temperatures it loses all its water, the 
anhydrous salt melting at 965 C C. It is soluble 
to the extent of 33-5 parts per 100 parts of water 
at 19°C. The density of aqueous solutions of 
sodium metaborate is, according to Interna- 
tional Critical Tables, 3, 86, as follows : 


wt. % Of 
NaBO, 

d;" 

1 

1-0089 

2 

1-0198 

4 

1-0417 

6 

1-0640 

8 

1-0866 

10 

1-1095 

12 

1-1327 


Tho solubility in water increases rapidly with 
the temperature. 


Temperature 

°C. 

Solubility 
per cent. 

32-2 i 

53-5 

37-7 

59 

4 3-3 j 

! 6 o-5 

48-8 1 

73 

54-4 

j 

"/ 


A method of preparing the salt in large 
crystals is given by Menzel, Z. anorg. Chem. 
1927, 166, 68. It is used in the following 
industries : (1) photography, for production of 
fine-grain developers ; (2) adhesives, as a 

solvent for casein ; (3) cosmetics, for prepara- 
tion of bath salts. 

Perborates are Balts of the acid HBO s or 


HOB 


/ 

\f 


which has not been prepared in the 


free state on account of its instability. The 
alkali and alkaline earth salts are soluble in water 
and have an alkaline reaction. They behave in 
solution like mixtures of borates with hydrogen 
peroxide ; the active oxygen being liberated by 
heat, by acidifying the solution or by large 
dilution. Oxydases, reductases and man- 
ganese dioxide cause them to give up the whole 
of their reactive oxygen. They convert chromic 
acid into perchromic acid and molybdates into 
yellow permolybdates. They readily oxidise 
protoxides and their salts into higher oxides, 
but do not always form perborates. Ferrous, 
mercurous, manganous and lead salts yield 
higher oxides ; the salts of other metals yield 
perborates of an indefinite or basic composi- 
tion. Perborates of the alkali metals may be 
obtained by careful precipitation of solutions 
of alkali borates with alcohol in the presence of 
hydrogen peroxide. 

Ammonium perborate, NH 4 B0 3 ,|H 2 0 (Tana- 
tar, Z. physikal. Chem. 1898, 26, 133), is the 
best characterised of the several perborates 
resulting from the action of ammonia and 
hydrogen peroxide on ammonium borate. It 
contains 16-34~16-41% of active oxygen. 

Potassium perborate, KB0 3 ,£H 2 0, is obtained 
by the action of hydrogen peroxide on potassium 
borate. 

Sodium perborate, NaB0 3 ,4H 2 0. When 
248 g. of boric acid are mixed with 7 8 g. of 
sodium peroxide and added gradually to 2 litres 
of cold water, a clear solution is formed from 
which a crystalline substance separates out in 
90% yield. This substance, -which has the 
composition Na 2 B 4 O g ,10H 2 O, is called per- 
borax, and is soluble in water to the extent of 
42 g. per litre at 11°. When one-half of its 
sodium is displaced by addition of hydrochloric 
acid to the solution, a crystalline sodium per- 
borate is preeipicated. This is a stable substance, 
containing 10-38% active oxygen, and can be 
preserved indefinitely at ordinary temperatures. 
It dissolves readily with slight decomposition in 
water at 50°-60°, and a vigorous ebullition of 
oxygen takes place at 100°. The solubility of 
sodium perborate in water was determined 
by Jaubert (Rev. gen. Cliim. pure appl. 
1905, [vii], 8, 163 ; Chem. Zentr. 1905, ii, 99) ; 
expressed asg. NaB0 3 ,4H 0 0 per litre of water, 
the figures are : 15°, 25-5 g.“; 21°, 26-9 g. ; 26°, 
2S-5 g. ; 32°, 37-8 g. The cold aqueous solution 
possesses all the properties of hydrogen peroxide. 
When powdered sodium perborate is added 
gradually to its equivalent of 50% Bulphuric 
acid, and the solution filtered through gun- 
cotton, a very strong (150-200 vols.) solution of 
hydrogen peroxide is obtained. With cold con- 
centrated sulphuric acid the mixture decom- 
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poses, evolving oxygen containing ozone (Dubois, 
Compt. rend. 1905, 140, 506). 

Sodium perborate is largely used as an 
ingredient of washing powders, in which it acts 
as a bleaching agent and detergent. It has also 
found application in deodorants, dentifrices and 
antiseptics. The method of manufacture is 
either one depending on the employment of 
hydrogen peroxide, or it is electrolytic. Accord 
mg to the first method, a mixture of borax and 
crystallised sodium carbonate is treated with 
hydrogen peroxide when carbon dioxide is 
evolved and sodium perborate separates m 
coarse crystals (G P. 237608) The numerous 
British patents claiming electrolytic methods 
include 100152, 100153, 101G20, 102089, 102359, 
1064GO, all of 1916. K Ardnt (Z Electrochera. 
1916, 22, 63 ; 1922, 28, 263) employed a 
tubular tin cathode cooled by a current of water 
and a platinum gauze anode in a bath containing 
120 g sodium carbonate and 30 g. borax per 
litre, with additions of 0 5 g. sodium chromate 
and 1 drop of Turkey red oil The bath 
temperature was 14°-16°and the current density 
10-20 amperes per eq. dem A mixture of 
borax, sodium carbonate and sodium bicarbonate 
is added at intervals to reduce the proportion 
of caustic alkali formed in the bath. Per 
carbonate 13 the pnmary product of the electro- 
lysis and this reacts with the borax forming 
perborate. 

The percentage of active oxygen in sodium 
perborate is determined by titrating its solution 
in dfluto sulphuric acid with 0 lA'-potassium 
permanganate. The commercial salt contains 
from 9 5-10% active oxygen. 

The constitution of the alkali perborates is 
disputed, Kretzschmar (Z. anorg Chem. 1934, 
219, 17) and Menzel {xbtd., idem. 37) consider 
these salts to be substitution compounds of 
hydrogen peroxide. Krauss and Oettncr (i bid. 
1934, 218, 21) regard them as addition com- 
pounds and wnte the formula of sodium per- 
borate, NajB.O 4 .2H 2 0,6HjO. 

Detection and Estimation of Boron. 

Boron almost always occurs in the form of 
borates. When boric acid is in the free state 
nt cart refftdijjr Ae recognised Ay t'ne green colour 
which it gives to the flame, and by its action 
upon turmeric. 

Turmenc paper, when moistened with a solu- 
tion of boric acid and dried, acquires a cherry -red 
colour which la not altered by dilute hydrochloric 
acid and is changed to bluish-black by a drop 
of sodium carbonate solution. The use of a 
\ lsco-o silk thread soaked in turmeric solution 
and dried, instead of paper, is an improvement 
(Chamot and Cole, Ind. Eng. Chem. 1918, 10, 
48). Cassal and Gerrana (Chem. News, 1903, 
87, 27) find that the sensitiveness is greatly in- 
creased if the paper is first moistened with 
G% oxalic acid solution, and base a colon 
metric method of estimation of bone acid on 
this method. Tananaer and Kulska (Ukrain. 
Chem. J. 1934, 9, 1) state that 0 001 mg. boron 
may be detected by thi3 test (c/. Bertrand and 
Agulhon, Compt. rend. 1913, 157, 1433). The 
turmenc reaction is discussed with many 
references in Rudisuli, " Nachweis, Bestimmung 


undTrennnng der chemischen Eleicente,” 1923, 
ri, i, 1. To detect 0 001 mg. of boric acid per 
c c , the paper should be dried at the ordinary 
temperature ^Low, J. Amer. Chem. Soc. 1906,28, 
807). 

The green colour imparted to flame is a very 
delicate test for boron. It is, however, to be 
noted that Balts of copper, barium and thallium 
also give a green coloration to the flame. When 
the bone acid is combined with a base the com- 
pound in the state of powder is decomposed by 
means of sulphunc acid, and the boric acid 
extracted by distilling with methyl alcohol, 
the test being applied to the distillate. Com- 
pounds not decomposed by sulphuric acid are 
fused with potash and digested with methyl 
alcohol and sulphuric acid. 

A mixture of borax and methyl alcohol yields 
a green coloured flame if ignited, but with ethyl 
alcohol the presence of a mineral acid is 
necessary, 5% of methyl alcohol in ethyl 
alcohol maybe detected by this means (Pieszczek, 
Pharm. Ztg. 1913, 58, 850). According to Stahl 
(Z. anal. Chem. 1931. 83. 340 ; 1935, lOi, 342) 
the optimum mixture is sulphuric acid 3 c.e., 
methyl alcohol 15 c.c. The substance to be 
tested is mixed with 0 5 c c. of the freshly 
prepared mixture and allowed to stand in Roscn- 
bladt’s apparatus (tfcid. 1887, 27, 19) for 15 
minutes. The tube is then held for 30 seconds 
in a waterbath at 65® and a current of air 
passed through it into a non-luminous flat gas 
flame 0 5-1 cm. high. If the test is made in 
semi darkness 0 00076 mg, boron may be 
detected. In its quantitative form equal 
currents of air are passed simultaneously 
through the unknown and a standard bone 
acid solution into non-luminous flames of porce- 
lain micro burners The concentration of the 
standard solution is varied until it gives the 
same intensity of flame coloration (Stahl, 
ibid. 83, 268 , 1935, 101, 348). Glass and other 
insoluble substances are fused with sodium 
carbonate, followed by solution in hydrochloric 
acid, addition of methyl alcohol, boiling, and 
placing wet turmeric paper m the vapour 
(Tananaev and Kulska, I.e.). 

Spot Test Jot Bono Acid — The reagent is 
p mtrobenzeneazocdromotropic acid (Chromo- 
trope 2B), by means of which 0 00008 mg. B in 
1 . 600,000 dilution can be detected. Special 
precautions must be taken if oxidising anions or 
fluorides are present (Komarovsky and Poluek 
tov, Mikrochem. 1934, 14, 317). F. Hahn 
(Compt. rend. 1933, 197, 762) neutralises the test 
solution to the green colour of bromothymol 
blue, neutral mannitol is then added to one half 
of the solution, and drops from each half are 
compared on a white tile. A yellowish green 
colour of the test solution 13 visible if the 
boron present exceeds 0 00002 mg. per c.c. 

The gravimetric estimation of boron is difficult 
as there are no borates forming sufficiently 
insoluble precipitates of definite composition. 
The most reliable method is due to Gooch. 
If the boron is not present as boric acid, it is 
brought into that state by heating the sample 
with 20% or concentrated nitric acid, depending 
on the violence of the reaction, or if necessary the 
substance is heated with mine acid for some 
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hours in a sealed tube. The resulting solution 
is repeatedly distilled with methyl alcohol, the 
boric acid passing over in the vapour. The 
distillate is then treated with an exactly weighed 
excess of pure lime, transferred to a platinum 
crucible, evaporated to dryness on the water 
bath and strongly heated. The increase in 
weight represents the boric anhydride (Moissan, 
Compt. rend. 1893, 116, 1087). 

The volumetric method is now generally used. 
It depends upon the fact that boric acid has no 
action on methyl orange but may be accurately 
titrated with caustic alkali, using phenol 
phthalein as indicator, provided the titrated 
solution contains a sufficiently large amount of 
glycerol — about one-half of its volume (Thomson, 
J.S.C.1. 1894, 13, 432) or mannitol — 10 g. per 100 
c.c. (Foote, Ind. Eng. Chem. [Anal.], 1932, 4, 38; 
Andrieux, Ann. Chim. 1929, [x], 12, 432). The 
first step in the process is to obtain the boron in 
the form of boric acid or of a borate soluble in 
sulphuric acid. The whole of the boric acid 
present may then be distilled off by repeated 
distillations with methyl alcohol in presence of 
sulphuric acid. Excess of sodium hydroxide is 
added to the distillate, which is evaporated to 
dryness, and the residue dissolved in water. 
An excess of hydrochloric acid is then added and 
the liquid boiled under reflux to expel carbon 
dioxide. The excess of hydrochloric acid may 
be removed either by adding a solution of potas- 
sium iodide and potassium iodate and the lib- 
erated iodine being converted into iodide with 
0- lA r - thiosulphate ; or by neutralising directly 
to methyl orange; mannitol or glycerol, of 
known neutral reaction, is then added in the 
quantities already indicated, and the solution 
titrated with 0-lN-sodium hydroxide in presence 
of phenol phthalein. The alkali must be free 
from carbonate. The method in use in the 
Government laboratory is described in Analyst, 
1923, 48, 41G, and an alternative method, in 
presence of phosphoric acid, was devised by 
Monier-Williams (ibid., idem. 413). The whole of 
the combined base in the borates of the alkalis 
and alkaline earths may be titrated with 
standard hydrochloric acid in the presence of 
methyl orange. Chemical glassware may con- 
tain boron, and tho amount of contamination 
irom this source is of importance in delicate 
work, e.g. biochemical effects of boron. 

Reaction between Boric Acid and Sugars . — 
F. J. Berenstein (Biochem. Z. 1929, 215, 344) 
observed that when boric acid and lsevulose 
nre mixed, hydrogen ions are liberated. Whereas 
in tho titration of boric acid with sodium 
hydroxide using phenol phthalein as indicator 
only 10% of the acid is neutralised at tho colour 
change, in the presence of sufficient galactose, 
40%, of dextrose and lactose, 25%, but of 
lajvuloso (as with mannitol and glycerol), 100% 
of the acid is neutralised (c/. Hermans, Z. 
anorg. Chem. 1925, 142, 83). J. N. G. 

BORONATROCALCITE. Anearlyname 
(G. L. Ulex, 1849) for the mineral ulexite, a 
hydrated borate of sodium and calcium, 

NaCaB 6 0 9 ,8H 2 0 

Most of the natural borates exported from South 
America (Chile, Bolivia, and Argentina) are of 
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this species ; it is also abundant in the borate 
deposits of California and Nevada. L. J. S. 

BOROVERT1N. Trade name for hexa- 
methylenetetramine borate, 

c 6 h 12 n 4 (H 3 bo 3 )3, 

a white powder, prescribed as a urinary anti- 
septic. 

BORSALYL. Trade name for sodium boro- 

salicylate. • 

BORT (BOART) v. Abrasives. 

BORYL. Trade name for ethyl borosali- 
cylate. Prepared by boiling together solutions 
of borio acid and salicylic acid and esterifying 
by the addition of alcohol and sulphuric acid. 
Needle-shaped crystals. Used in medicine as a 
substitute for ethyl salicylate (Monteil, J.S.C.I. 
1908, 27, 354). 

“ BOSA ”, a fermented beverage made from 
millet. 

BOSCH. An inferior butter prepared in 
Holland. The term is sometimes used as 
synonymous with margarine. 

BOSTON ITE. A trade name formerly in 
use for the Canadian serpentine-asbestos ( v . 
Asbestos). L. J. S. 

BOSWELL IN IC ACID. This dicar- 
boxylic acid, 0 32 H B2 O 4 (?), m.p. 150°-151°, 
obtained from ohbanum, is in all probability a 
hydropicene triterpene since it gives sapotalin 
(1 :2:7-trimethylnaphthalene) on selenium 
dehydrogenation (Beaueourt, Monatsh. 1929, 
53-54,897 ; 1930,55, 185 ; Ruzicka, Briingger, 
Egli, Ehrnann, Furter and Hosli, Helv. Chim. 
Acta, 1932, 15, 431). F. S. S. 

botany BAY GUM v. Balsams, 
Xanthorrhoea. 

BOTRYOLITE v. Calcium, Silicoborate. 

BOTTLE-NOSE OIL (ARCTIC 
SPERM OIL) is the oil — or, more strictly, 
the liquid wax — obtained from the head-cavity 
and blubber of the bottle-nose whales Hyperoodon 
rostralu-s and II. diodon ( bidens ) ; it closely 
resembles sperm oil but on account of its 
greater tendency to “ gum ” commands a lower 
price than sperm oil (cf. Dunlop, J.S.C.I. 1908, 
27, 63 ; Tsujimoto, J. Soc. Chem. Ind. Japan, 
1923, 26, 209 (27 Supp.) ; Chem. Umscliau, 1925, 
32, 127). E. L. 

BOUILLON NO IR. A mixture of ferrous 
and ferric acetates employed as a mordant. 

BOULANGERITE. A sulphantimonite, 
5PbS,Sb 2 S 3 . . 

BOURNONITE. Sulphantimonite of 
copper and lead CuPbSbS 3 , crystallising as 
tabular orthorhombic crystals ; these are 
frequently twinned and show re-entrant angles 
at the edges, hence the names “ cogwheel-ore ” 
and “ wheel-ore.” It is found in Cornwall, Harz, 
Bolivia, etc. It sometimes occurs in sufficient 
abundance to be used as an ore of copper and 
lead. L. J. S. 

BOVEY COAL. A lignite or brown coal 
with a slaty cleavage. 

BOWL METAL r. Antimony. 

BRAGA. An alcoholic beverage with a 
somewhat sweet taste, used in Roumania and 
prepared by the fermentation of millet. The seed 
is boiled with about twelve times its weight of 
water for 14 hours, the resulting viscous - mass 
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cooled, stirred w ith water and allow ed to ferment. 
The liquid 13 filtered and mixed with water to 
reduce the alcoholic strength to about 1-3% by 
weight, equivalent to 2 6% of proof spirit. 

F G. H. T. 

BRAGGITE. (Pt.Pd.NiJS, containing 
about 20% Pd and 5% N i. This mineral was 
isolated 83 minute grams from the concentrates 
of the plat mum bearing nonte of the Bushveld, 
Transvaal, and being the first new mineral to 
be discovered by X ray methods it was named 
after Sir William H Bragg and W L. Bragg. 
The crystals are tetragonal with unit-cell 
dimensions a C 37 A, t 6 58A Cf. coopente 
(F. A Bannister, Mm Mag. 1932, 23, 198) 

L. J. S. 

BRAIN LIPOID. Impure Cephalm. An 
extract of ox bram used for accelerating the 
coagulation of blood. 

BRAN. The name given to the coarser 
fragments, consisting mainly of the outer 
layers of the seed coat, which are produced 
during the grinding or milling of cereal or other 


seeds. When the term is used without any 
descriptive adjective, the product from wheat is 
usually understood, hut maize (com), millet, 
barley, oats, buckwheat, rye, nee, and even 
peas and earth nuts yield products which are 
described as “ bran ” In the following dis- 
cussion most attention is devoted to wheat bran, 
since this is the most important bran in Great 
Britain. 

A very complete account of the microscopic 
structure of the various cereals and nuts is to 
be found in A. L. and K. B. Winton’s “ The 
Structure and Composition of Foods,” Vol. I 
(John Wfley and Sons, New York, 1932). 
Bran is mainly derived from the pericarp and 
seedcoat, together with some adhering endo- 
sperm, and & smaller or larger content of germ, 
depending upon the efficiency of the milling 
process ; m addition, the aleurone layer also 
remains with the bran after milling. 

Table 1 supplies data as to the embryo, 
endosperm, and bran contents of the wheat 
grain. 


Table 1. 


' Reference 

Type of Wheat. 

Endosperm | 

Embryo j 

Bran | 

Fleurent, Compt. rend 1896, 123, 327 (Bailey, 
“The Chemistry of Wheat Flour," p. 123, 

| N.Y Chem, Cat. Co , 1925). 

Russian 

Algerian 

Canadian 

% 1 

84 95 

84 99 1 

84-94 

2-00 
1-50 1 
2 05 

1305 

13 51 

13 01 

| Girard, “ Le Froment et Sa Mouture," p. 28, 

1 Gauthier- Villars, 1903 

Australian 

Polish 

French 

83 82 
84-17 
/ 85 08 
\ 85-17 , 

1'41 
1-38 
1-48 
1-57 ( 

14 77 
14-45 

13 44 
J326 

Bru£re, J. Pharm Chun 1931, 14, 5 

Not stated J 

83 j 

M 1 

15 6 


The thickness of the hull of the gTarn varies 
considerably, even within one and the same 
variety (Hopf, Muhlenlab. 1935, 72, 69) 

According to Term (Mohs and Bruckner; 
VoL I of Hoffmann-Mohs : “ Das Getreide- 
hom,” Paul Parey, Berlin, 2nd ed., 1931, 
pp. 237-238), however, the thickness of the hull, 
including the aleurone lajer, amounts in the 
case of wheat to 110-120/1, and in rye to 95- 
lOOp. 

According to Hopf (I.e.) and Mohs and 
Bruckner (i e ) there is as yet no practicable 
method for the accurate determination of 
the bran content of gram, but the followin'* 
methods have recently been described ; Schmori 
(Pflanzenbau, 1933, 9, 313) describes the 
“ Support ” apparatus for washing out the other 
constituents of the grain ; Hopf [l e.) suggests 
two methods which yield approximate results : 
(I) based on determination of the ash content, 
and (2) by washing out the bran snips from 
an aqueous suspension of finely ground meaj; 
Lowig (Z. ges. Getreide., Muhlen.- n. Backe- 
reiw. 1935, 22, 31) suggests effecting the dis- 
integration and dissolution of the contents of 
the grain by germination, the products being 
separated by squeezing and washing over a sieve. 

Lack of space precludes a description of the 
Sour milling process from which bran is obtained 


as a by-product. The reader is referred to 
P. A. Amos’s “ Processes of Flour Manu- 
facture " (Longmans, Green & Co., London, 
2nd ed., 1925) for a description of the English 
system, and to W. H. Strowd’s “ Commercial 
Feeds ” (National Miller, Chicago, 2nd ed , 
1925) for a bnef outline of flour milling irt 
relation to the production of bran m the U S. 
An account ’of the milling of buckwheat is to 
be found in “ Buckwheat Milling and its By- 
Products ’’ (M. R. Coe, U.S. Dept. Agnc. 1931, 
Circ. 190), and of rice milling in “ The Bj - 
Products of Rice Milling ” ( J. B. Reed, U.S. Dept. 
Agnc. 1917, Bull. 570). 

Below are given some references to literature 
on the milling of other cereals: Oats — Lasser, 
Muhlenlab. 1932, 69, 903, 927 and 961 ; Milling, 

1933, 80, 340 ; Ager, Nat. Amer. Miller, 1932, 
60 (10), 16; Milling, 1932, 79, 458; Bruckner 
and Dietz, Z. ges. Getreide-, Muhlen - u. Backe- 
reiw. 1932, 19, 59. 76; Milling, 1934, 82, 594. 
Barley — Milling, 1934, 83, 240. Bye — Miffing, 

1934, 83, 10 ; Brown, Nat. Miller, 1925, 30 (12), 
31. 

Bnef accounts of the manufacture, packing, 
handling, storage and loading of bran, with a 
view to ensuring its keeping qualities, are to be 
found in the Bull. Assoc. Oper. Millers, 1925, 
pp. 164 and 167, and 1932, p. 453, and in The 
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Miller, 1925, 50 , 940. There are very few data 
in chemical or milling literature concerning the 
spoiling of bran, but it is usually assumed that 
the heating of bran occurs in three stages. 
In the first place the respiration of the cells of 
damp bran leads to a rise in temperature 
sufficient to allow micro-organisms to develop. 
Their activity raises the temperature to about 
70°C., at which point the absorption of oxygen 
would proceed at a greatly increased rate, 
sufficient to bring the temperature up to 150°C., 
when the bran would ignite spontaneously. 
Maurizio in his “ Nahrungsmittel aus Getreide,” 
Vol. I, p. 224 (Berlin : Paul Parey, 2nd ed., 
1924) supplies such an explanation, and also 
discusses other aspects of the problem (see 
also Thaysen and Galloway “ The Microbiology 
of Starch and Sugars,” Oxford Ifniv. Press, 
1930, p. 196; Chitty, Milling, 1934, 83, 214; 
Hoffmann, Woch. Brau. 1897, Nos. 35-37 ; Z. 
physikal. Chem. 1898, 25 ; Z. angew. Chem. 
1902, No. 33 ; Verauchs-Kornhaus, Berlin, 1904, 
p. 212, etc. ; Marienhagen, “ Selbsterwarmung,” 
p. 254). 

Marchardier and Goujon (Ann. Falsif. 1914, 7, 
77) investigated the increase in the acidity of 
bran on spoilage ; a normal bran contains less 
than 0-15% of acid, calculated as sulphuric acid. 
If 0-1 5-0-3% be present, the feed, while 
probably not dangerous, is undergoing decom- 
position, and all samples containing more than 
0-3% should bo condemned as unfit for food. 

Varga (Arch. Chem. Mikros. 6, 342 ; Amer. 
Chem. Abs. 1914, 8, 380) describes a method of 
estimating mould spores in bran. 

Some methods of treating bran to prevent 
deterioration are suggested in the article in 
The MUler, 1925, 50 , 946. Klug (Miihlenlab. 
1933, 70 , 699) suggests briquetting the bran 
as a means of reducing (by 60%) the risk of 
decomposition- during storage. ■ Other methods 
of preservation are dealt with in Schiff-Giorgini 
(B.P. 205466) ; Woodlands, Ltd., Kent-Jones, 
and Amos (B.P. 3785 48) ; Legendre (B.P. 
310980), Recherches et Inventions, 1927, No. 
ICO, 445 ; 1929, 10 , 69 ; Compt. rend. 1927, 
185 , 1156; and “ Lcs Cereales ” : Armand 
Colin, Paris,. 1935. An article by West and Cruz 
(PhUippine J. Sci. 1933, 52 , 1) deals with the 
preservation of rice bran. 

The analytical methods used for the examina- 
tion of bran are in general the same as those 
used for the analysis of feeding stuffs. Since 
even a brief outline of such methods would 
occupy too much space, the reader is referred 
to the following standard publications on these 
subjects : “ Cereal Laboratory Methods ” 

(Amer. Assoc. Cereal Chemists, Omaha, 
Nebraska, 3rd ed., 1935) ; “ Official and Tenta- 
tive Methods of Analysis of the Association of 
Official Agricultural Chemists ” (Washington 
D.C., 3id cd., 1931) ; the various volumes of the 
J. Assoc. Off. Agric. Chem. ; The Fertilisers and 
Feeding Stuffs Act Regulations. 

The following is a list of articles dealing with 
the analysis of milling products : 

(a) General. — Coleman, Cereal Chem. 1927, 4, 
311; ibid. 1928, 5, 269; Konig, Z. Unters. 
Lebensm. 1930, 59, 564 ; Hertwig, J. Assoc. Off. 
Agric. Chem. 1923, 7, 68 ; Hertwig and Palmore, 


ibid. 1923, 7, 170. (5) Adulteration.— See dis- 
cussion on “ Adulteration,” below, (c) Ash.— 
Nuret, “ Les Matieres Minerales : Les Cendres,” 
fitudes sur la Meunerie (li’cole Fran^aise de 
Meunerie Paris, 1932, p. 275 .) ; Otterstrom, 
Suomen Kem. 1934, 7, 76 ; (1934, B. 904) ; 
Simon, “ The Physical Science of Flour Milling ” 
(Liverpool : The Northern Publishing Co. 1930, 
pp. 125 and 219) ; (phosphoric acid) Lepper, 
Landw. Versuchs-Stat. 1930, 111, 159. (d) 

Fibre. — Bidwell and Bopst, J. Assoc. Off. 
Agric. Chem. 1921, 5, 58 ; Fisher and Carter, 
J.S.C.I. 1934, 53, 313T ; Forbes and Men- 
sching, Ind. Eng. Chem. 1913, 5, 258 ; Francis, 
J. Assoc. Off. Agric. Chem. 1920, 4, 39 ; Fraps, 
ibid. 1923, 6, 333 ; Haigh, ibid. 1921, 4, 336 ; 
Hanson, ibid. 1924, 7, 335 ; Korfhage, Minn. 
State Dairy and Food Comm., Div. Feed 
Insp. Ann. Rpt., 1922, 4 , 32; Lepper, Chem.- 
Ztg. 1926, 50 , 211 ; Scharrer and Kiirschner, 
Bied. Zentr. 1931, B, 3, 302. (e) Lignin. — 
Phillips, J. Assoc. Off. Agric. Chem. 1934, 17, 
277. (f) Moisture. — Bopst et al., ibid. 1925, 8, 
354; Bunzell, Cereal Chem. 1935, 12 , 54; 
Clarke, J. Assoc. Off. Agric. Chem. 1920, 4 , 48 ; 
Coleman and Dixon, Cereal Chem. 1926, 3 , 
419 ; Darkis, J. Assoc. Off. Agric. Chem. 1927, 
10 , 17S ; Durham, Nat. Amer. Miller, 1934, 
62 , (5), 59 ; Edlefsen, Agric. Eng. 1933, 14 , 243 ; 
Grattan, J. Assoc. Off. Agric. Chem. 1934, 17, 
178; Fisher and Thomlinson, J.S.C.I. 1932, 
51, 355T ; Haltmeier, Miihlenlab. 1934, 71, 1299 ; 
Swanson, N. W. Miller, 1934, 180 , 12 (Oct. 10) ; 
Weber, Wochbl. Papierfabr. 1925, 56 , 357. 
(g) Nitrogen. — Jones, U.S. Dept. Agric. 1931, 
Circ. 183; Markley and Hann, J. Assoc. Off. 
Agric. Chem. 1925, 8, 455; Sandstedt, Cereal 
Chem. 1932, 9, 156. (h) Sand. — Lepper, Landw. 
Versuchs-Stat. 1930, 110 , 305 ; Rub, Chem.- 
Ztg. 1931, 55 , 221. (i) Starch. — Alpers and 
Ziegenspeck, Z. Nahr. Genussm. 1923, 45 , 163 ; 
Fraps, J. Assoc. Off. Agric. Chem. 1932, 15 , 
304; Hopkins, Canad. J. Res. 1934, 11, 751; 
Scheele and Svensson, Tekn. Tidskr. Kemi, 
58 , 57 and 75 (Z. Unters. Lebensm. 1932, 63 , 
343). ( j ) Fat. — Herd and Amos, Cereal Chem. 
1930, 7, 251. 

The analyses of bran vary within wide limits. 
Some of the factors which contribute towards 
these variations are (1) the kind of wheat used ; 
(2) the climatic conditions under which the 
wheat is grown ; (3) the milling process used ; (4) 
the composition of the grist ; (5) the percentage 
of screenings incorporated ; (6) the percentage 
of flour extracted ; (7) the analytical method 
used ( cf . Fisher and Carter, l.c. ; Shaw, Milling, 
1933, 81 , 394 and 396 ; Strowd, l.c.). 

Since milling processes vary in different 
countries, the brans from these countries are 
not strictly comparable. Some analyses are 
given in Table 2. 

Isaachsen and Ulvesli, 36th Rpt. Inst. Animal 
Nutrit., Roy. Agric. Coll. Norway, 1933, 675 
(Nutrit., Abs., 1933, 3, Abs. 1418) published 
analyses referring to Norway, and Bazilev- 
skaya, Jaroslav Zootechn. Expt. Stat., Work for 
1926, 1927, 107 (Amer. Chem. Abs. 1928, 22 , 998) 
figures for Russian-milled bran. 

In articles by Fisher and Carter (l.c.), and 
Fisher and Shaw (J. Min. Agric. 1934, 41 , 255), 
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Table 2. 


Count rj 

Reference 

Mois- 

ture 

Ash 

Protein 

Tat 

Crude 

Fibre 

N-free 

ext. 

Starch. 

Pcuto- 


Jacobs and Bask, Ind 

% 

% 

° 0 


% 

% 

% 

% 


Eng Chem. 1920, 12, 

13 00 

G 45 

16 49 

3 58 



9 07 

22 72 


Jacobs and Rask (cited 










by Kcnt-Jones, 










••Modern Cereal 










Chemistry,” p. 219, 










Liverpool, 1927). 

b 79 

6 3S 

(N = 

2 33) 

4 06 

10 84 



25 07 


Teller, 8th Int Cong 









Appl Chem. 1912, 13, 
277 (cited by Winton, 







163 

23 73 


P 211) 

11 80 

5 00 


3 SO 






(true) 







Snjder, U S. Dept Agi 










Off Exp. Sta 1901, 
Bull. 101 (cited by 










Winton, p 212) 

0 99 

GOO 

14 02 
(N x 5 7) 

4 39 





England 

Kent Jones, p 209. 
Woodman, J Mm. 

15 50 

5 13 

12-89 

2 94 






Agr 1923, 30, 693. 
Smetham and Dodd 


6 61 

16 38 

5-30 

10 87 





(Roy. Lane. Agric. 
Soc , Milling, 1933, 
80. 232) 

11 45 

4 25 

16 46 

4 33 

C 50 




France 

AJqtner, Ann fdlsif 
1927, 20. 445 

Brut-re, J Phnrm Chun 

14 02 

6 84 

15 162 

3 266 



13 200 

30 00 



1931, 14. 5 

12 

0 

15 

» 


50 



Germany 2 

Kalmng and Schlcimer, 









Z Getieideu 1913, 
5, IDOff. (cited by 
Neumann in “ Brot 
getreide u Brot 


(5 821 

/IS 30 1 

(5 38 1 

(9 87 1 

(G0-75 1 

1 15 65 1 

22 52' 





p 239, Paul Parey, 
Berlin, 1929) 


(7 59 

117 39 

(515 

'll 60 

\58 54 

i 8-74 

\30 49 

Hungary 

Weiser, Kiserltt Koz 









lem, 14, 681 (Chem. 

1 13 1 

(5 98 1 

)15 3 1 

(4 5 1 

j 0 45 1 

,51-77! 




Abs 1912, 6, 2963). 

113 

(6 78 

H5 3 

\3 G 

'891 

'52-21 



Canada 

Shutt and Hamilton, 










Canad. Dept. Agr. 



15 0 

3 5 

11-5 





1922, Bull. 2, New 
Ser. 



'""") 


(max 




Australia 

Jewell, J. Dept. Agric. 










Victoria, 1934, 32, 


3 55- 

12 44- 







212 (F.A Q. samples 
for 1929-34). 


4 67 

15 57 






New Zealand 

Toster, N.Z. J. Agric. 










1924, 28, 315. 

11 04 

5 48 

(N = 
2-14) 


11-41 





N.Z. J. Agnc. 1927, 35, 









19. 

12-11 

500 

13 55 

3 70 

10 68 





1 Inhere 2 sets of figures are bracketed together, the first row refers to fine, and the second to coarse bran. 
1 See fffso Mach and Hermann, Landw Vcrsuchs -Stat. 1934, 119, 11 
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a review is given of investigations into the fibre 
content of British wheatfeeds carried out by- 
Wood and Adie, by Woodman and by the 
Research Assoc, of British Flour-Millers in 
collaboration with the National Association of 
British and Irish Millers. It is pointed out that 
as far as the fibre content is concerned there is 
no difference between bran and broad bran, and 
that wheatfeed of a higher fibre content than 
71% should be considered as bran. The 
highest fibre content found for bran was 
10-3%, which was below' the average, 10-8%, 
found by the earlier workers. 


It was shown by Fisher and Carter that varia- 
tions in the composition of the grist and in 
percentage of screenings included are not 
dominant factors in the variability of the fibre 
content of wheatfeed (including bran) ; the 
dominant factors are the percentages of bran and 
flour extracted. 

R. Geoffroy (Bull. Soc. Chim. 1932, [iv] 51-52, 
1491) found that wheat bran contains 0-10% 
glucose+fructose, and 5% sucrose-}- IsbvuIo- 
sides. 

Values for the mineral content of wheat 
bran are given in Table 3. 


Table 3. 






Composition of Ash. 


Country. 

Reference. 

m 






F e 2 O a 

MgO 

iqo 

P 2 °s 

CaO 



% 

% 

% 

% 

O' 

/o 

% 

U.S.A. 

Sullivan and Near, Ind. Eng. 

Chem. 1927, 19, 499. 

Teller, Arkansas Agr. Exp. 

6-748 

0-200 

17-60 

26-04 

51-57 

2-40 


Sta. Bull. 42, 70 ; Winton, 
p. 240. 

5-25 

0-277 

14*76 

28-19 

52-81 

2-50 

Germany 

liempwolf, Ann. Chem. Pharm. 







1869, 149, 343 ; cited by 

A5-24 


16-86 

BMiU 


2-78 


Neumann, ibid. p. 243, and 
by Nuret, l.c. 

B5-68 

0-44 

17-35 

30-14 

49-11 



Loew, Z. Getreidew. 1914, 6, 








32. 

5-50 


16-95 

27-88 


2-97 




Fe 

Mg 

K 

P 

Ca 

Germany 

Harding and Dysterheft, 








Cereal Chem. 1927, 4, 47. 

4-868 

0-113 

9-254 

— 

23-30 


U.S.A. 

Sullivan and Howe, Cereal 


; 1 ■ 


■ 


i 


Chem. 1929, 6, 398. 

m 

j 1 

10-08 

1 I 

22-76 

1 



■ 

As % of Bran. 



■ 

Fe 

Mg 

K 

P 

Ca 

U.S.A. 

Sherman, “ The Chemistry of 








Food and Nutrition,” 4th 








ed., 1933, p. 559 (Mac- 
millan & Co., New York). 

- 

0-0078 

0-511 

1-217 

1-215 

0-12 


Further data for some of the rarer minerals 
present in wheat bran will be found in .- Bailey, 
“ The Chemistry of Wheat Flour,” p. 152 ; 
Bertrand and Benzon, Bull. Soc. hyg. aliment. 
1928, 16, 457 ; Compt. rend. 1928, .187, 1087 ; 
Compt. rend. Acad. Agric. France, 1928, 14, 
1303 ; Bull. Soc. chim. 1929, 45, 168 ; Bertrand 
and Levy, Bull. Soc. chim. 1931, [iv] 49, 1417 ; 
Bertrand and Mokragnatz, Compt. rend. 
1922, 175, 458 ; Bull. Soc. chim. 1930, [iv], 47, 
326; Bertrand and Rosenblatt, Compt. rend. 
1921, 173, 133 ; Bertrand and Silberstein, Ann. 
Agron. Nov.-Dee. 1933 (Int. Rev. Agric. 1934, 
25, 175T) ; Birckner, J. Biol. Chem. 1919, 28, 
191; Bruere, Compt. rend. 1934, 198, 504; 
Davidson, Cereal Chem. 1929, 6, 132; Dcmp- 
wolf, Ann. Chem. Pharm. 1869, 149, 343; 


Elvehjem and Hart, J. Biol. Chem. 1929, 82, 
473; Jadin and Astruc, Compt. rend. 1914, 
159, 268; Javillier, Bull. Soc. chim. biol. 1930, 
12, 709 ; Lindow, Elvehjem and Peterson, J. 
Biol. Chem. 1929, 82, 465 ; Lindow and Peter- 
son, ibid. 1927, 75, 169 ; Loew, Z. Getreidew. 
1914, 6, 32; McClendon and Hathaway, J. 
Amer. Med. Assoc. 1924, 82, 1668 ; McHargue, 
J. Agric. Res. 1925, 30, 193; J. Amer. Soc. 
Agron. 1925, 17, 368 ; .Sherman, “ The Chemistry 
of Food and Nutrition ” (New York .- MacMillan 
& Co., 4th ed., 1933), p. 559 ; Sullivan and Howe, 
Cereal Chem. 1929, 6, 398 ; Sullivan and Near, 
Ind. Eng. Chem. 1927, 19, 499 ; Teller, Arkansas 
Agr. Exp. Sta. Bull. 42, 70 ; Winton, p. 243. 

. Table 4 gives analyses of rye, maize, oat, and 
rice brans. 
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Table 4 — Analyses of Rye, Maize, Oat and Rice Beans. 


Cereal 

Reference 

me 8 * j • 4stl - 

Protein. 

Fat. 

Fibre. 

N-free 

ext. 

Starch. 

Pento- 

earn 

Rye 

Wmton (p. 260) . 

U.S. 1878-1881 

1886 

1909 

11-59 

13-37 

9 38 

1-86 

1- 76 

2- 18 

% 

10 58 

12 03 

13 44 

1-66 

1-84 

1-83 

1-67 

1-36 

2 30 

72 64 

69 64 

80 24 

% 


Win ton (p 260). 

Germany 

Neumann (p 238) 

13 37 

209 

4 83 

11-17 

17-58 

1-63 

3 62 

2 62 

69-12 

20 49 

22 59 

Maize 

Wmton (p 80): 
white 
yellow 

Consolam (11 Coltiva 
tore, 66, No. 1, 10 , 
Chem Abs. 1921, 
15, 3154) 

10-13 
10 37 

13 20 

2-16 

2-70 

580 

8 43 

9 06 

1410 

6 71 
11-00 

3-70 

9-72 

9 68 

62 85 
57-19 

56 00 



Oats 

Miner (Wmton, 

p. 168) 

650 

260 

19 30 

7 10 

4 CO 

59 90 



j Rice 

Wise and Broomell, 
(U S. Dept. Agnc. 
1916, Buff. 330; 
Wmton, p. 138) : 
Honduras 

Japan 

9 61 

9 39 

10 58 
11-33 

13 41 
12 81 

10 65 
15-13 

11-70 
12 54 



995 

11-40 

1 

diah (Trop. Agri- 
culturist, Ceylon, 
1928, 70, 195; 
Chem. Abs. 1929, 
23. 1962 T) : 

Ceylon 

12-51 

11-44 

13-17 

10-12 

14 05 




1 Millet 

Bersch, Landw. Ver- 
suchs Stat. 1895, 
46,103 

(IVmton.p. 124) 

10-27 

965 

8- 72 

9- 36 

6 63 
6-25 

2 33 
2-38 

52 50 
43 78 

19 50 
28-58 



| Buck- 
’ wheat 
; (halls) 

Coe, U.S. Dept. Agnc 
Circ. 190 (1931) 

9-77 

2-15 

411 

0 86 

45 97 

37-14 


.. 


Data aa to the composition of the various by- 
products of rice milling are to bo found in 
Wmton (p. 136ff) ; the U.S. Dept. Agric. Bull. 
•570 (1917); Strowd’s “Commercial Feeds,” 
Bull. Imp. Inst. 1918, 16, 16; Hand et al., 
Missouri Agric. Exp. Sta. Res. Bull. 123; 
Stieltjes, Bull. Mat. Grasses Inst. Colon, Mar- 
seilles, 1922, 201 ; Bertrand and Benzon, Compt. 
rend., Acad. Agric. France, 1928, 14, 1303 ; Boll. 
Soc. hyg. aliment. 1928, 16, 457 ; Fraps {Wm- 
ton, p. 152) ; Joachim and Kandiab, l c. 

Belland (Ann. Falsif. 1918, 11. 38S) supplies 
data for the bran of Morocco beans, and an 
article on “ Composition of commercial mustard 
bran with special reference to the detection of 
added mustard bran in prepared mustard ** is 
to be found in J. Assoc. Off. Agric. Chem. 1923, , 
7, 170 (Hertwig and Palmore). Analyses of, 


other less commonly used cereals, nuts, and oil 
seeds are given in Wmton. 

The following is a list of references dealing 
with the detection of adulteration in wheat 
bran: Amos, Analyst, 1929, 54, 332; Collin, 
Ann. Falsif. 1917, 10, 539 ; Estienne, J. Pharm. 
Belg. 1933, 5, SO and 105 (Muhlenlab. 1933, 3. 
80) ; Agriculture, 1933, 36, 91 (Amer. Chem. Abs 
1933, 27, 5430); Evans and Wallis, Analyst. 
1928, 53, 432; Fonzes-Diacon, Ann. Falsif 
1924, 17, 523; Lopriore, Staz. sper. agr. ital. 
1916, 48, 297 ; Marchadier and Goujon, Ann 
Falsif. 1924, 17, 328; ibid. 1924, 17, 458: 
Raunier and Pau, Ann. Falsif. 1930, 23, 229 
The adulteration of rice bran is dealt with by 
Silverberg (J. Assoc. Off. Agric. Cbem. 1921, 
5, 77; 1922, 6, 71). (See alto the list of 
articles on " Corn Cockle ” to be found in 
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the discussion of the nutritive value of bran, 
below.) 

Durham (Cereal Chem. 1925, 2, 299) found 
that the water absorption of bran diminished 
(from 29 to 17%) according to the extent to 
which the bran had been ground. 

Taufel and Thaler (Z. Unters. Lebensm. 1934, 
68, 631) have compared the pentosan content of 
crude fibre prepared from bran (rye and wheat) 
by the Weender process (2-3-3-0% pentosans in 
wheat bran, l-6-2-8% in rye bran) and by 
Konig’s method (no pentosans). Tollens et al. 
found 22-25% of pentosans in wheat bran, and 
40% in maize bran. Norris and Preece (Bio- 
chem. J. 1930, 24, 59) isolated four chemically 
and physically distinct fractions from the 
hemicelluloses of wheat bran, two of them 
containing small percentages of uronic acid 
residues. Hemicelluloso B2 was apparently a 
glucosan, while the other fractions consist 
largely of pentose residues. Thomas and Kapf- 
hammer (Pfluger’s Archiv. 1923, 201, 6) by 
means of utilisation experiments found that 
27-3-29-4% of the cell membranes of bran 
consisted of cellulose and hexosan. Investiga- 
tions on the pentosan and cellulose content of 
cereal hulls were also carried out by Rubner 
( Amer. Chem. Abs. 1917, 11, 2512) and. by Porst 
(8th Int. Congr. Appl. Chem. 1912, 13, 205 ; 
Winton, p. 88). 
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Comparatively little work has been carried 
out on the proteins of wheat bran. Snyder 
(Minnesota Agric. Exp. Sta. 1899, Bull. 63, 
p. 527) supplies data for the nitrogen content 
of various fractions of the protein of wheat 
bran, and Teller (Arkansas Agric. Exp. Sta. 
Bull. 42) found distinctly less gliadin and 
relatively more albumin and globulin in com- 
mercial bran than in the flour from the same 
wheat. 

Hamilton et al. (J. Amer. Chem. Soc. 1923, 
45, 815) obtained the following values for the 
distribution of nitrogen (as percentage of total 
nitrogen in the feed) in wheat bran proteins : 
total basic N 24-02 ; ammonia N 9-17 ; humin 
N 6-86; arginine N 11-99; cystine N 0-81; 
histidine N 7-32 ; lysine N 3-90 ; mono-amino 
acid N, a min o N in filtrate from bases 38-07 ; 
proline, oxyproline, tryptophane, etc., non- 
amino N in filtrate from bases 3-59 ; ether- 
soluble N 0-04 ; alcohol-soluble N 1-23 ; non- 
protein N soluble in cold, 1%, CCI 3 C0 2 H in 
filtrate from colloidal iron 15-26% (c/. the 
results obtained by Nollau, J. Biol. Chem. 1915, 
21, 611 ; Winton, p. 227). 

Jones and his collaborators (J. Biol. Chem. 
1923, 58, 117; 1924, 62, 183; 1925, 64, 241) 
carried out a series of investigations on the 
proteins of wheat bran. Their results are 
summarised in Table 5. 


Table 5. 


Protein. 

% 

of total 
protein 
in bran. 

Nitrogen Distribution in Bran Proteins. 

% 

Free 

NH 2 — N 

% 

Cystine. 

% 

Arginine. 

% 

Histfdine. 

% 

Lysine. 

% 

Trypto- 

phane. 

0/ 

/o 

Tyrosine. 

Albumin . 

16-64 

2-84 

3-29 

10-04 

2-57 

4-51 

4-76 

4-20 

Globulin . 

13-62 

6-59 

1-52 

14-13 

2-76 

11-84 

2-85 

3-69 

Prolamine 

.31-01 

1.-88 

2-29 

4-41 


2*45 

1-37 

3-38 


The tryptophane content of the albumin of 
wheat bran was the highest of any plant protein 
until then reported ; the proteins are also 
high in cystine. 

G. L. and W. K. Teller (Cereal Chem. 1932, 9, 
560 ; see also ibid. 1932, 9, 261) studied the 
content and composition of the non-protein con- 
stituents of wheat bran ; not more than 25% are 
in the form of amides of the type of asparagine. 
The results indicated that 5-7 should be used as 


the factor for converting N into crude protein 
content in the case of wheat and its bran. 

Nottbohm and Mayer (Z. Unters. Lebensm. 
1935, 69, 289) found that the magnesia extract 
of wheat bran mainly consists of betaine, which 
is found in small quantities in the phosphatides 
of wheat and oats. 

Table 6 summarises some of the physical 
constants obtained for the oils from various 
cereal brans. 


Table 6. 


Cereal. 

Deference. 

Sapon. 

No. 

Iodine 

No. 

Un- 

saponifl- 

able. 

Free 

Acids. 




| Wheat 

Stellwaag, Landw. Ver- 



% 

% 

% 

% 

mm 

i 

1 Rye 

suchs-Stat. 1890, 37, 
135 (Ball, Cereal Chem. 
1926, 3, 21). 

183-1 


7-45 

14-35 

78-73 

89-71 

285-0 

Ball, ibid. 1926, 3, 24. 

175-1 

— 

7-64 

16-44 

78-31 

93-75 

285-6 

1 Millet 

Berseh, ibid. 1895, 46, 

213- 

58- 






103; Winton, p. 125. 

216 

59 






Rice 

De ’Conno and Finelli, 









Ann. Chim. Appl. 1930, 
20, 26 ; Winton, p. 147. 

189-1 

100-77 

1-415 
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Both rice bran anti the oil obtained from it 
rapidly increase in acidity unless specially 
treated. Brown (Win ton, p. 146) has shown that 
this deterioration is due to the activity of lipase. 
Heating at 93 C C. destroyed the enzyme and 
hence reduced the amount of free acids formed 
Themp of rice oil is 24°-25°. Results obtained 
by De ’Conno and Finelli (l.c.) indicated that the 
original fat consisted of glycerides of oleic, 
linoleic, arachidic, stearic, and palmitic acids 
Wemhagen (Z physiol Chem. 1917, 100, 159 ; 
Winton, p. 148) states that rice bran contains 
10 94% of fat, 73% of which is liquid and 27% 
solid. The liquid portion consists of 91% 
fatty (59% oleic and 31 8% palmitic) acids 
and 5 3% of phytosterols , the solid fat con- 


I sista of 90 0% fatty acids, almost entirely con- 
sisting of palmitic acid, and 4'7% of phyto 
' sterol s 

The phytosterols in wheat bran have been 
discussed by Ellis (Biochem. J. 1918, 12, 160), 
Leulier and Crevat (J. Pharm Chim. 1931, 14, 
214) and by Anderson and his associates 
(J. Amer. Chem. Soc. 1924, 46, 1717). The 
last mentioned workers isolated dihydrosito- 
sterol (m.p. 144°-145°) from the unsaponifiable 
fraction of the petroleum -ether extract of wheat 
bran ; sitosterol was also present. 

Andrews and Bailey (Ind. Eng. Chem. 1932, 
24, 80 ; see also Leulier and Crevat, he.) supply 
the following data for the distribution of organic 
phosphorus m wheat bran. 



TotaL 

rhjtin. 

Lipoid. 

lnorg and 
nucleic. 

Extracted by 
2% HCI. 

Found 

1 646 

1-415 

% 

0 023 

0 203 

1-61 

Percentage of total P .... 

— 

85 96 

1-7 

12 33 

97 8 


Sullivan and Near (Cereal Chem 1928, 5, 
163, 436) investigated the lipoid phosphorus of 
wheat and its milling products 

Anderson, after a senes of studies (J Biol. 
Chem 1912,12,447 , 1914,18,425,441 ; 1915, 
20, 463), concluded that phytic acid or phytm, a 
substance first isolated by Postemak (Compt 
rend. 1903, 137, 439) is inositol hexaphosphonc 
acid, C # H lg 0 2 ,P 4 or C,H e (0H 2 P0 3 ),. 
[According to Patten and Hart (New York 
Agnc Exp Sta Bull 250, 1904) 80 5% of the 
water-soluble phosphorus of wheat bran exists 
a3 a Mg-Ca-K salt of a phospho organic acid 
which may b» split up into phytm ] Arenll and 
King (J. Amer Chem Soc. 1926, 48, 724) 
found 4 53% of phytm (calculated as 
C 6 H is°ii P 8) m wheat bran. After a senes of 
investigations (J. Amer Chem. Soc. 1913, 35, 
890 ; Ark Agnc Exp Sta Bull 138 , J. Amer 
Chem Soc. 1918, 40, 523) J. B. Rather adopted 
the formula C,H,(OH)(OH,PO,) 5 or 
C,H u O t ,P^ for an inosite phosphoric acid, 
which he isolated from wheat and nee bran. 

The follow ing is a list of other investigations 
relating to the phosphoric compounds of wheat 
bran ■ Robinson and Mueller, Biochem. Bull. 
1915, 4, 100 ; Arbenz, Mitt. Lebensm. Hyg. 
1922, 13, 45; Rogozinski, Bull. Acad. Sci. 
Cracovie (B), 1915, No 5, 87 ; Amer. Chem. Abs. 
1922, 16, 3499. According to the last mentioned 
author, bran forms one of the three chief sources 
of phytic acid. 

In comparison with wheat bran, rye bran is 
comparatively poor in phytin PjO s , but is 
rich in inorganic P s O s (Rogozinski, I c .). 
Cal6 (Annali Chun. Appl. 1935, 25, 49), in 
article on the phospho organic compounds w 
products obtained on grinding germinated 
barley, found, that the proportion of inositol 
hexaphosphoric acid was at a maximum in 
bran. 

Phytosterol was obtained in a crystalline state 
from nee bran by Tsujimoto {Winton, p. 148; 


also Nabenhaucr and Anderson, J. Amer. 
Chem. Soc. 1926, 48, 2972). Suzuki el al. 
(Bull. Col. Agnc. Tokyo, 1907, 7, 503 ; eee also 
Bernardmi, Atti. R. Accad. Lincei, 1911, 21, 
283; Borasio, Giom Risicolt. 1929, 19, 131) 
found that rice bran contained 8% of phytin ; 
and Thompson found 2 291% of phosphorus and 
8 22% of phytm (J Agnc. Res. 1915, 3, 425). 

Suzuki et al. (J. Coll. Agnc. Tokyo, 1909, 1, 

J , Winton, p. 142) found m nee bran 1-16% 
of nitrogen (prolamines) soluble in 60% alcohol 
and 1 37% of N (globulin) soluble in 10% salt 
solution ; 0 2% caustic soda solution dissolved 
1-51% of the bran, consisting of leucine 86, 
glutamic acid 4 7, tyrosine 0 3, arginine 3 4, 
histidine 0 8S, and ammonia N 1-13%. 

Oryzanin, a crude matenal isolated from 

ce bran by Suzuki et al. (Biochem. Z. 1912, 
43, 89 ; Winton, p. I44J, contains a substance 
to which nee owes its antiscorbutic properties. 
A general r£sum6 of the proteins of rice bran is 
©yen. hv West and. Ccuz. f,Phikoijmft J. Sei. 
1933, 52, 1). 

A number of Japanese workers (Mem. ColL 
Sci. Kyoto, Ser. A, 1928, 11, 481, 497, 505, 517, 
521) have investigated the composition of pilyrol, 
obtained by the distillation of rice bran. Uzawa 
(J. Biochem. Japan, 1932, 15, 1 and 11) 
describes the preparation of the phospbo- 
esterases of bran. 

Giesen (Inaug. Dis. Bern, 1909; Winton, 
pp. 237 and 267) found 1-1% of protease 
(optimum temperature 30 o -40°C.) in wheat bran, 
and 0 9% in rye bran (optimum temperature 
30°-45°), calculated as trypsin. According to 
Kuhl (Muhle, 1934, 71, 1413 and 1445), the dark 
colour developing in bran particles of flours on 
making up into doughs is due to the presence of 
oxydases 

Schnlerud (Mublenlab. 1933, 3, 137) stated 
that the yellow colour which develops on extract- 
ing rye and wheat milling products with a 
mixture of 50% of acetic eater, 30% of alcohol. 
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and 20% of water, and adding potassium 
carbonate, is due to a pigment located in bran 
which acts as an indicator (colour change at p n 
7-0-9 -0). Microscopic investigation shows that 
this pigment is not a starch degradation product, 
but it may be identical with the flavone discovered 
by Anderson (Canad. J. Res. 1932, 7, 285). 

The following is a list of articles dealing w'ith 
the nutritive value of wheat bran from a 
general point of view : Alquier, Ann. Falsif. 
1927, 20 , 445 ; Bazilevskaya, he . ; Fraps, 
Texas Agric. Exp. Sta. 1922, Bull. 291 ; Neal, 
Nat. Amer. Miller, 1934, 62 (8), 52 ; Random, 
Alquier et ah, Compt. rend. 1924, 179 , 1342 ; 
Woodman, J. Min. Agric. 1923, 30 , 593 ; 
Lindsey, Mass. Agric. Exp. Sta. Bull. Rpt. 1908, 
158; Rothwell, Canada Exp. Farms, Anim. 
Husb. Div. Rpt. 1924, 11. 

Hansson (Meddl. Centralanst. Forsoksv. 
•Tordbrukssomradet, Sweden, 1924, No. 273 ; 
Exp. Sta. Rec. 1925, 53 , 666 ; cf. Bruckner 
and Dietz, l.c.) found wheat bran to be a more 
valuable feed for milk cows and work horses 
than for swine ; it was somewhat less valuable 
for milk production than ground oats, but could 
make up 30—40% of the ration without serious 
consequences. Rye bran was similar in effect to 
wheat bran. In large amounts it caused a 
marked reduction in milk production with an 
increase in fat content (see also Stockklausner 
and Daum, Ziichtungsk. 1931, 6, 341 (Nutrit. 
Abs. 1932, 1, Abs. 1964) and Ampi, Miihle, 
1933, 70, 270). Both wheat and rye bran had 
undesirable influences on the .quality of lard in 
pigs. Barley bran was better for pigs, though it 
decreased the dressing percentage, it improved 
the quality of the lard. Oat bran is a very 
bulky and relatively poor feed; it is best 
utilised by hofses and cattle. The fodder value 
of rye brans of different milling grades was 
investigated by Honcamp and PfafE (Landw. 
Versuchs.-Stat. 1925, 103 , 259). Maize hulls are 
separated and mixed with maize gluten and 
soluble products to give gluten feed, used for 
dairy cows, stock, chickens, etc. (Phillips and 
Boerner, U.S. Dept. Agric., Bur. Agric. Econ. 
1925). Fraps (Texas Agric. Exp. Sta. 1922, 
Bull. 291) supplies tables showing the results of 
feeding tests with maize, bran, etc. 

Bran is largely used as a food for farm 
animals but has a weakening effect upon the 
digestion if used in large quantities. It is 
more suitable as a food for fattening than for 
working animals. If used largely for milk cows, 
it tends to make the butter soft. Similarly, 
large quantities of bran given to fattening 
animals tend to low’er the melting-point of the 
body-fat (cf., however. Callow, Empire J. 
Exp. Agric. 3 (9) ; Food, 1935, A, 267). This 
is an advantage in the production of mutton or 
beef, but a disadvantage with bacon. 

Crichton and Allcroft (Scot. J. Agric. 1932, 
15 , 63) in experiments with crossbred Aberdeen 
Angus cattle found that fattening animals made 
greater gains at a slightly lower cost per lb. on 
bran than on linseed cake meal. 

Schmidt and Zollncr (Bied. Zentr. Agrik. 
C-hern., Abt. B. Tierernalir. 1931, 3, 23) found 
that wheat bran exerted an unfavourable 
effect on the laying capacity and general health 


of poultry. Shaw and Fisher (l.c.) criticise 
Hainan’s results (Min. Agric. Fish. Bull. 7, 
2nd ed., 1932) in regard to the unfavourable 
effect of the bulkiness of bran on poultry, and 
point out that it is the bulkiness of wet, nut 
dry, bran which must be considered. Tulley 
(S. Dakota Sta. Rpt. 1932) determined the 
feeding value of wheat by-products for poultry. 

The following is a list of articles dealing with 
the detection of com cockle in bran and its 
effect on stock: Becker (Zentr. Bakt., Abt. II, 
1918, 48 , 417) ; Brandi (Landw. Versuchs.- 
Stat. 72, 326) ; Broquet (Bull. Assoc. Chim. 
Suer. 1932, 49 , 27) ; Griinewold (Miihle, 1933, 70 
105) ; Quigley and Waite (Maryl. Sta. 1931, 
Bull. 325, 343) ; Rogozinski and Glowczynski, 
Polish Acad. Sci. Letters, 3rd July, 1933 ; 
Bull. Acad. Polonaise, 1933, B, 189-203; 
Schneider, Arch. Geflugelk. 1933, 7 , 121 (Nutrit. 
Abs. 1933, 3 , Abs. 2630) ; Strowd’s “ Com- 
mercial Feeds ” (p. 121) ; I. Weiser, Kiserlet 
Kozlem. 1924, 27 , (1-2), 1 (Exp. Sta. Rec. 
1926, 54 , 160 ; Fortsohr. Landw. 1927, 2 , 6). 

The digestibility of bran by man and by 
animals has been the subject of a considerable 
number of investigations [see, e.g., Moeller, 
Z. Biol. 1897, 35 , 291 ; Rubner, ibid. 1883, 
19, 45 ; Holmes, U.S. Dept. Agric. 1919, 
Bull. 751 ; Honcamp and Nolte, Landw. 
Versuchs.-Stat. 1920, 96, 121 ; Hindhede, 

Mediz. Welt, 3 , 158 and 192 (Z. Unters. Lebensm. 
1933, 65, 242) ; Emmerich and Loew, Z. ges. 
Getreidew. 1913, 5 , 115; Lindner, ibid. 1929, 
16, 951 ; MohB, ibid. 1929, 16, 45 ; Monceaux, 
Compt. rend. Soc. biol. 1923, 89, 402 ; D.Sc. 
Thesis, Paris, 1924 (Amer. Chem. Abs. 1925, 19, 
1741)]. Cellulose is, at best, but imperfectly 
digested by man, and that which has become lig- 
nilied, hardly at all. Formerly it was held that 
the contents of the aleurone cells could not be 
digested by man, but Heupke (Z. Emahrung, 
1932, 5 , 138) claims to have demonstrated experi- 
mentally that enzymes are able to diffuse through 
the walls of the aleurone cells and digest their 
contents without attacking the cell walls. These 
investigations do not, however, if substantiated, 
affect the unfavourable nitrogen balance which 
has been established for wholemeal bread. 

Brunnich and Rawson (Queensland Agric. J. 
1921, 15 (5), 195 and (6), 235) determined 
the digestion coefficients for Australian wheat 
bran on four wethers, and suggested that the 
higher digestibility of the crude fibre of 
Australian, as compared with U.S. and German, 
bran is due to the more rapid growth of plants 
in Australia. Tests for the digestibility of 
wheat bran for sheep were also carried out by 
Saito (Imp. Zootech. Exp. Sta. 1931, Bull. 26; 
Amer. Chem. Abs. 1932, 26 , 1323) and by Suzuki 
(Imp. Zootech. Exp. Sta. 1931, Bull. 27; 
Amer. Chem. Abs. 1932, 26 , 1323). Chaussin 
(Compt. rend. Soc. biol. 1919, 82 , 269) studied 
the digestion of bran by the rabbit and dog. 

Examples of processes for rendering bran more 
digestible are those due to Monti (Atti 1° 
Congr. hit. Panificazione, Roma, 1932, 228 
(1933) ), and to Rabinoviteh (B.P. 392054). 

Falcon-Lesses (J. Nutrit. 1930, 2, 295) and 
Cowgill and Anderson (J. Amer. Med. Assoc. 
1932, 98, 1866; and 1933, 100, 795) found 
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that the laxative effect of bran was not due to 
its phytin content hot to the amount of fibre 
and pentosans present; similar conclusions 
were am red at by Rose el al. (J. Axoer. Dietet. 
Assoc. 1932, 8, 133). Olmsted el cZ. (Proc. Soc. 
Exp. Biol. Sled. 1934, 32, (1), 141) conclude that 
the pentosans of bran do not exert a laxative 
effect, while bran fibre is definitely laxative. 

Morphy and Jones (J BioL Chem. 1926, 69, 
85) state that, taken collectively, the wheat 
bran proteins contain over twice as much of 
the so-called nutritionally essential amino- 
acids (tryptophane, tyrosine, cystine, lysine, and 
arginine) as the same amount of wheat endo- 
sperm (see also Hamilton el al., J. Am er. Chem. 
Soc. 1923, 45, 815). 

Klein el al. (Amer. J. PhysioL 1926, 76 (2), 
237) describe investigations into the nutritive 
value of the various layers of the wheat and 
maize kernels. 

There was a widespread belief that bran is 
particularly well fitted, because of its richness 
in minerals, to supply the needs of animals with 
reference to the development and nutrition of 
bone. Experiments earned out in South Africa 
(Ingle, J. Comp. Path. & Therapeutics, Starch, 
1907, and J. Agnc Sd. 1908. 3, 22) and by 
Bang (Kong. let -Landsbebejskole Aarsknft, 
1925, 3S3) on horses have proved that there is a 
definite deficit of lime it the lime-phosphorus 
ratio of bran from this standpoint. Carles 
(Rep. pharm. 25, 97) discusses the value of the 
phosphates of wheat bran m animal feeding. 

Bunge (Z physioL Chem. 1898, 25, 36, 
quoted by Sherman, “ Chemistry of Food and 
Nutrition/' p. 328, Macmillan, N.Y., 1933) 
demonstrated that rats fed on bread made from 
flour containing bran made greater general 
growth and developed a greater amount and 
higher percentage of hemoglobin than rats fed 
on flour without bran. Rose and Vahlteich 
(J BioL Chem. 1932, 96, 593) state that whole 
wheat appears to contain certain factors, lacking 
in patent flour, which supplement the effect of 
inorganic iron and copper added to the diet in 
regenerating hemoglobin. 

Sherman (p. 563) states that wheat bran 
contains (+) vitamin A, and G(B t ), and may be a 
food source /++ 7) of vitamin B/B,). (See also 
Cramer and Mottram, Lancet, 1927, II, 1090; 
Halliday, J. BioL Chem. 1934, 106, 29 ; Halliday 
and Bennett, J. Nutrit. 1934, 7, Proc. 12; 
Kramer and McCammon, Kans. Agric. Exp. 
Sta., 6th Biennial P.ep. 1932, 113 ; Harchlewski 
and Wierzchowski, Pam. Panst. Inst. Xauk. 
Gosp WIejsk. Pnlawach, 1922, 2, A, No. 1, 
160; Xo. 2, 161 (Amer. Chem. Abe. 1924, 18, 
1319); Plimmer el al., Biochem. J. 1931, 25, 
691 ; Rose et al , J. Amer. Dietet. Assoc. 
1932, 7, 369 ; Stammers, Biochem. J 1921, 15, 
489.) 

Mitchell and Villegas (J. Dairy Sci. 1923, 6, 
222) found that the nutritive value of nee bran 
proteins was approximately the same as that of 
soya beans; very little supplementary effect 
was noted between the proteins of rice bran, 
soya beans and cotton seed meal. The nutntive 
value of nee proteins xsas abo investigated 
by West and Cruz (Z.C.). Davies (Fertilisers, 
Feeding Stuffs, and Farm Supplies J. 1927, 12, 


315) supplies data for the composition and 
feeding value of rice bran and vanons oat and 
barley by-products. 

The content of the so-called vitaroin-B com- 
plex in rice bran has been the subject of a 
number of articles, of which the following is a 
list : AnnL P.ep. Bur. Sri. Philippine IsL 1931 ; 
Kinngasa, J. Pharm. Soc. Japan, 1928, 48 (6), 
539 ; Kinugasa 8nd Hattori, tbid. 1922, Xo. 485, 
579, Xo. 486, 671, Xo. 4S7, 780; ibid. 1924, 
Xo. 503, 469 ; Otake, J. Agric. Chem. Soc. 
Japan, 1931, 7, 775; Stechow and Wamoscher, 
Arch. Pharm. Inst. Univ. Berlin, 1927, 13, 
145 ; Titus, Poultry Sci. 1932, 11, 117 ; Titus 
and Ginn, Science, 1931, 74, 249 ; Iked3, J 
Orient. Med. 1924, 2, 90; Tsukiye, Biochem. 
2. 19 22, 31, 124; Van Veen, MededeeL Dienst 
Volksgezondheid. Nederland. Ind. 1931, 20 (2), 
73, 80, 97; 1932, 21, 184; Rec. Trav. chin. 
1932, 51, 265 and 279; Z. physioL Chem. 
1932, 208. 125; Wrndaus et al., Nachr. Ges 
Wiss. Gottingen, Math-pBysik. KLisse, 1932, 
342. 

Apart from its use as a feeding stuff and, 
when solubilised and disintegrated (see, f.y„ 
Monti’s and Rabmonteh's processes mentioned 
above), m brown and other loaves, bran has 
been proposed for use in cereal foods and 
beverages, as a baking improver, for the 
manufacture of furforafdehy de (Ufaka, Rep 
Osaka Ind. Res. Lab. Japan, 1925, 5, 1 ; Amer. 
Chem. Abs. 1925, 19, 2336), xylose (Pacini, Nat 
Amer Miller, 1934, 62 (9), 30 ; Emley, Ind. Eng 
Chem., News Ed , 1923, 6 (21) 3), active 
charcoal (Northwestern Miller, 1933, 174, 
538, June 14), fuels or building materials 
(MQhle, 1932, 69, 1068), and rayon or celluloid 
(Gross, B.P. 361583; J. Text. Inst. 1932, 23, 
A166). Bran is also used, although to a 
diminishing degree, in tanning leather (for a 
description of the process and of the changes 
occurring in the fermentation of bran bo 
employed, tee Wood and Wilcox, JX.CJ. 1893, 
12, 422, and 1897, 16, 510), and as a cleaning 
material (t.g. for furs). E. A. F. 

BRANDY. The term brandy is an abbrevia- 
tion of brandymne, the original English form of 
the German Erannhcein or the French Brandemn. 
The Enrqnean variations of the term, however, 
have wider applications than that in Britain 
Thns in Germany it is applied to any spirituous 
liquor obtained by distillation, whilst in France 
the alternative title Ban de Vie legally includes 
spirit distilled from cider, perry, cherries, plums, 
and mare as well as that obtained from wine. 
Since 18S0 the British term brandy has been 
restricted to Epirits obtained by distillation from 
fermented grape juice. An Act passed by 
Parliament in 1690 states in the preamble, 
“Whereas good and wholesome brandies, aqua 
vitae and spirits may be drawn and made from 
malted com, etc.,” but the Spirits Act of 
1860 prescribed that “ all spirits which shall 
Lave had any flavour communicated thereto 
and all liquors whatsoever which shall be mixed 
or mingled with any such spirits shall be 
deemed a British' compound called British 
Brandy This section was repealed in 1SS0 
Under the title Spirit us Vint GqUici the British 
Pharmaceutical Codex (1934) states that 
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“ brandy is obtained by distillation from the 
wine of grapes, and matured by age. It occurs 
as a pale amber-coloured liquid having a 
characteristic odour and taste and, as a rule, 
a slightly acid reaction. It contains about 40% 
v/v of ethyl alcohol and usually about 0-05 to 
0-15% of higher alcohols, 0-1 to 0-15% of esters, 
0-05 to 0-2% of volatile acid, 0-0005 to 0-002% 
of furfural, and 0-02 to 0-04% of other alde- 
hydes.” According to the United States 
Pharmacopoeia of 1936 “ Spiritus Vini Vilis 
is an alcoholic liquid obtained by the distilla- 
tion of the fermented juice of sound, ripe grapes 
and containing at 15-56°C. not less than 48%- 
and not more than 54% by volume of ethyl 
alcohol. It must have been stored in wood 
containers for a period of not less than four 
years.” It is “ a pale amber-coloured liquid, 
having a characteristic odour and taste and an 
acid reaction : specific gravity from 0-933 to 
0-921 at 25°C.” 

Consumption . — In common with that of all 
other spirituous liquors, the consumption of 
brandy has decreased during the past decade, 
as will be seen by the following statement of 
the number of proof gallons retained for home 
consumption in Great Britain and Ireland, 
although the official return for 1936 indicates a 
partial recovery. 


Year. 

Proof Gallons 

1925 

633,747 

1926 

591,345 

1927 

570,428 

1928 

542,464 

1929 

539,918 

1930 

487,137 

1931 

461,498 

1932 

396,291 

1933 

411,475 

1934 

401,645 

1935 

395,308 

1936 

422,213 

Production . — Approximately 

95% of 


brandy imported into the United Kingdom 
comes from France, the finest grades being Cog- 
nac and Armagnac, so named from the French 
towns in which originally they were distilled. 
Whilst the term Cognac has by custom come to 
bo used almost as a generic term for brandy, it is 
strictly applicable only to spirits distilled from 
the produce of grapes grown in the Cognac 
region, which comprises a certain part of the 
two departments of Charente and Charente 
Inferieure, also Dordogne and Les Deux- 
Sfevres. A strict delimitation of the Cognac 
area has been made by the French Govern- 
ment by decree dated 1st May, 1909, and the 
region is locally divided into the Grande or 
Fine Champagne, the Petit Champagne, the 
Bordories, and the Bois, according to the quality 
ot t he wine produced. Very little brandy is 
now distilled in Cognac itself, the greater part 
being produced on the brandy farms of the 
surrounding districts. The French Government 
has prohibited the description Cognac to be 
applied to any mixture of Cognac or other wine 
spirit with grain or beet spirit and has further 


provided that labels, marks, etc., bearing the 
word Cognac should signify that the spirit in 
question is solely the product of the Cognac 
region. Other brandies of less commercial 
value are those of the Midi and the districts of 
Aude Gard, Herault, and Pyrenees Occidentales, 
commonly known as the Trois six de Mont- 
pellier. Marc brandies are distilled from the 
fermented marc or refuse of the wine press as 
well as from the lees of the wine casks. The 
soil of the brandy-producing districts is mainly 
calcareous and the grape is a small white 
berry with very acid juice producing a wine 
of inferior quality for drinking purposes. 

Brandies are produced in most other wine- 
growing countries, especially when, owing to 
over-production of wine, or some defect in its 
quality, it becomes more profitable to convert 
it into spirit than to dispose of it as wine. 
Algerian brandy is of high quality, resembling 
Cognac, and is generally sent to France for re- 
shipment to England and other countries. 
The Spanish product is also similar to the 
French and commands a high price. In 
Australia and South Africa production is 
steadily increasing, although the export trade 
is at present very small. The so-called dop 
brandy of South Africa is produced in the same 
way as the French marc brandy and has similar 
characteristics. There is considerable pro- 
duction of brandy in Egypt, but it is nearly 
all distilled from wine made from grapes im- 
ported chiefly from Southern Turkey, Greece, 
Cyprus and Asia Minor. It has a strong 
characteristic , flavour much appreciated by 
consumers of the cheaper brandies. Spurious 
brandies of doubtful origin, but described as 
“ Egyptian,” have also been placed on the 
market. They are probably made from the 
currant grape grown in Greece and Asia Minor 
and have no right to tho title “ Egyptian ” 
beyond the fact that they are exported via 
Alexandria. 

Manufacture . — The reputation of the brandies 
of the Cognac and Armagnac districts depending 
so much upon their bouquet, it is desirable 
to avoid high rectification and consequent 
removal of those secondary ingredients upon 
which the flavour mainly depends. Distilla- 
tion is usually conducted, therefore, in a simple 
pot still by the professional distiller as well as 
by the farmer. The still, which varies in content 
from 150 to 200 gallons, is usually enclosed in 
brickwork, with only a small bulbous head 
exposed, and is generally heated by means of a 
furnace, wood being considered the best fuel. 
In a few- distilleries the stills are heated by 
steam. Occasionally a subsidiary vessel filled 
with wine and called a “ chauffe-vin ” is 
attached to the still and through it the pipe 
conveying the spirit vapour to the refrigerator 
passes, heating the wine so that the latter is 
quickly raised to boiling-point when sub- 
sequently passed into the still, thereby effecting 
a saving of fuel. Two distillations are made, 
termed “ brouillis ” and “bonne chauffe,” 
corresponding respectively with the “ low wines ” 
and “ spirits ” of the whiskey distiller. In 
some distilleries the finished spirit is produced 
at one continuous distillation by means of a still 
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described as “ a premier jet." In this form of 
still a vessel is attached to and above the! 
head of the still, and through it the spirit 
of the first distillation is conveyed. This spirit 
is again vaporised by the heat of the spirit vapour , 
rising from the still itself on its way to the 
refrigerator The spirit produced in this way is 
not considered so fine as that obtained by the 
pot still, but it is of higher strength and more 
suitable for the manufacture of liqueurs The 
quality of the spirit depends greatly on the 
care with which the distillation process itself 13 
earned out The stills should be worked 
slowly and regularly, the normal time for the 
complete distiSation of a charge being about ten 
hours 

The quantity of wine used in the process of 
manufacture is relatively very gTeat, the 
amount of brandy produced from a given 
measure being only from 10-16%. The 
strength of the wme v anes from 4 5 to 9% by 
weight of pure alcohol or approximately from 
10 to 20% of proof spirit, the average being 
about 6 5% of alcohol or 14% of proof spirit 
The finished spirit as run from the still contains 
about 61% by weight of alcohol equivalent to a 
strength of about 25° over proof The brandy, 
as received from the farmers, is blended and 
diluted in vats, sweetened with cane sugar, 
slightly coloured with caramel, and filtered 
into storage vats in winch it is matured The 
simple pot stills and the modified stills known as 
“ h. premier jet " as used in the Charente 
district are not suitable for wines having a 
strong earthy flavour (“ terroir ”) or other 
undesirable qualities. In such cases, as the 
brandies of the Midi, the Rochelle district, 
and the marc brandies of Burgundy, stills of a 
more complicated nature are employed owing 
to the necessity for a greater degree of rectifica 
tion In these the distillation is continuous, and 
m the Rochelie district and in the islands of the 
north west coast, a pot still with a rectifying 
head, known as the “Alembic des lies" is 
employed, whilst in the south the distilling 
column consists of a senes of compartments 
separated by plates connected with tap3, by 
means of which it is possible to draw off the 
spirit at a higher or lower strength as dcired. 
These stills are generally heated by direct 
fire 

Large quantities of wine are produced in the 
Midi for conversion into brandy, the grapes of 
this region being unsuitable for making good 
wme. This is attributed to the effects of the 
Phylloxera which devastated the whole of the 
Charente district in the years 1875-1878. Before 
this time most of the brandy exported to the 
United Kingdom was genuine Cognac, but the 
destruction of the Charente vineyards stimulated 
the production of brandy in other parts of 
France as well as in other countries The 
vineyards of the Cognac district were replanted 
with American stocks, on which Charente vines 
were grafted, and the result has been highly 
successful. In the south of France, however, 
the vineyards ravaged by the Phylloxera were 
replanted with vines which were not appropriate 
to the soil, and which yielded wine in great 
quantity but at the sacrifice of good quality. 


Hence the use of the rectifying stills in tin* Midi 
and the large quantity of brandy produced. 
Moat of this is consumed in France. The spint 
derived from diseased or unsound wines is 
highly rectified and used for industrial purposes 
The cheapness of wine, therefore, affords little 
or no inducement to the distillers of the Midi 
to use beet or grain os the raw material for 
the production of their brandies. 

Marc brandies or eau-de tie de marc are, as 
the name implies, derived from the marc or 
refuse of the grapes after the juice has been 
extracted. They have a strong earthy flavour 
and usually are rich in secondary products. 
They are, therefore, often added to other wine 
spirits to impart the brandy character, or 
admixed with neutral spint from grain or beet 
in the preparation of factitious brandies. 

Composition. — In addition to alcohol and water 
the principal constituents of brandy include 
acetic, butync, and other esters, acetic acid, and 
a small quantity of volatile oil. When freshlv 
distilled, brandy is colourless. On storage 
in oak casks it acquires a yellowish brown 
colour, but in order to giv e it a fictitious appear- 
ance of age, or to standardise the colour to a 
particular brand, a solution of caramel or burnt 
sugar is often added For the same purpose sn 
extract of oak, of tho type used for making 
brand j casks, is also sometimes added. Owing 
to long usage and the fact that the average 
consumer would not accept a colourless brand}, 
this artificial addition of colour may bo regarded 
as a legitimate commercial process. 

A comprehensive investigation of the nature of 
the secondary ingredients of 2j.year old brandy 
was earned out by Ordonneau (Coropt. rend 
1 886, 102, 217) with the following results: 


Grams per hectolitre 
Acetaldehyde .... 30 

n-Propaldehvde . . . .400 

n-Butyl alcohol . . . .2186 

Amy 1 alcohol 83 8 

Hexyl alcohol .... 06 

Acetic ester 35 0 

Propionic, butyric and 
caproic esters .... 30 

(Enanthic ester (about) . . 4-0 

Acetal and Amines . . . traces. 

(The n but} f alcohol sometimes found In the fusel ojl 
from brandy (Ordonneau. Compt rend 1866, 102, 21 < I 
or grain spirit Is probably due to an Infection of the 
yean by 2b'Cit(i/j bitt/hevi or a similar organ!*® 
Morin (I r 1887, JOS, 1010) states that the brandy 
mentioned above was unsaleable, containing *!*> 
butyric acid, and that a brandy of good quality 
analysed by htm6otf contained no n butyl alcohol. 
Elliptical yea't (wine yeast) produced none of this 
alcohol In the fermentation of 100 kg sugar (scf a** 0 
Ctaudon and Morin, Compt rend 1887. 104, t IS7J- 
The absence of n butyl alcohol In fusel oills confirmed 
by the experience of Kahlbaums Factory (Meyer and 
Jacobson, “ Organl'che Chemle/'I, 1893, 161) ] 

Morin (Compt. rend. 1887, 105. 1019) distilled 
92 litres of pure cognac in Claudon and Morin’* 
apparatus. The first portion of the distillate 
contained the more v olatile bodies, the second 
consisted of tolerably pure ethyl alcohol, whilst 
the third contained the higher alcohols and 
similar bodies. The residue, chiefly' water, was 
tested for free acids, isobutylene glycol, and 
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glyceroi. The first three portions were then 
fractionated, 5 litres of " light alcohol,” 55 litres 
of pure ethyl alcohol, and .To litres of higher 
boiling compounds being obtained. The last 
fraction had a strong odour of fusel oil and a 
burning taste. The water remaining behind 
was added to that already obtained. The 
fractions were then re-distilled in Le Bel and 
Henninger’s apparatus. The fusel oil portion, 
which, after dehydration with potassium car- 
bonate, weighed 352 g., consisted of : 

Grams. 


Water 7 

Ethyl alcohol . . . .130 

n-Propyl alcohol .... 25 

isoButyl alcohol .... 6 

Amyl alcohol . . . .175 

Eurfural 2 

Wine oils 7 


The water contained a little acetic and butyric 
acids and a small quantity of a viscous liquid 
which distilled undecomposed under diminished 
pressure, and appeared to consist of isobutyl 
alcohol and glycerol. The residue contained 
tannin together with substances extracted 

from the wood. 

In the following table are given (1) the com- 
pounds' contained in 100 litres of cognac, 
(2) the results of the fermentation of 100 kilos 
of sugar : 

1 . 2 . 

Grams. Grams. 

Acetaldehyde . . . trace trace 

Ethyl alcohol . . . 50,837-00 50,615-0 

Ji-Propyl alcohol . . 27-17 2-0 

isoButyl alcohol . . 6-52 1-5 

Amyl alcohol . . . 190-21 51-0 

Furfural and bases . . 2-19 

Wine oil . . . . ' . 7-61 2-0 

Acetic acid .... trace — 

Butyric acid .... trace — 

isoButylene glycol . 2-19 — 

Glycerol 4-38 — 

77 -Butyl alcohol was absent, but furfural was 
directly detected by the addition of aniline to the 
cognac, a red coloration being produced in the 
presence of acetic acid. It will be observed that 
isobutyl alcohol is present only in small quantity, 
whilst Ordonneau did not record its presence. 

In the spirit produced by the distillation of 
grape products methyl alcohol is usually 
present although sometimes only in minute 
proportions ; in the product of the distillation 
of wine Pirani (Annali. Chim. Appl. 1927, 17, 
176) found not more than 0-35%, whilst the 
distillate of wine press residues contained as 
much as 4%. He also found that methyl 
alcohol was present in the rectified products, 
that from wine containing from a trace up to 

0- 25%, and that from grape residues 0-54 to 

1- 90%. Windhausen (Naturwiss. 1929, 17, 
631) and Reif (Z. Unters. Lebensm. 1927, 53, 
168) found similar values. On the other hand, 
Aschoff and Haase-Aschoff (Z. Nalir. Genussm. 
1923, 45, 209-211) detected no methyl alcohol 
in genuine brandy, but found that traces were 
often present in -mare brandies. Flanzy 
(Compt. rend. 1934, 198, 2020-2) found the 
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following methyl alcohol contents (mg. per litre) 
in various grape and so-called fruit brandies : 

Cognac .... 300—500 

Armagnac brandy . 600-800 

Commercial brandy 1 000-2000 
“ Fruit brandy ” . 1200— IbOO 

Cider brandy . . . 1000 

Pear brandy . . . 660-750 

Brandy from cider 

residues. . . . 6000 

In addition to the usual method of estimation 
by determination of the specific gravity of the 
distillate, the alcoholic strength of a brandy can 
be ascertained without distillation, but with 
a close approximation to accuracy, by determina- 
tion of the specific gravity and of the immersion 
refractometer reading (n°) of the brandy. The 
relationship between these two values is not 
affected by the comparatively small amount of 
extractive matter in solution. Beckel (Z. 
Unters Lebensm. 1929, 58, 78) gives the formula 
A=1-3(KZ/100)X [30-07— (KZ/100)]— 6-16, in 
which A=percentage of alcohol by volume and 
KZ= 1000-fn°— weight per litre. On the same 
principle the writer and others have found 
that for any particular alcoholic strength the 
value obtained by adding to the reading on the 
immersion refractometer the difference between 
1,000, representing the specific gravity of water, 
and the specific gravity of the brandy expressed 
in the same terms, remains unaltered, and 
tables can readily be prepared correlating factors 
so obtained with the appropriate alcoholic 
strengths. 

Evaluation. — The analytical data usually 
relied upon for discriminating between genuine 
brandies and those blended with neutral spirit 
are the respective proportions of (a) volatile 
acids ; (6) aldehydes ; (c) esters ; (d) higher 
alcohols ; and (e) furfural. The results are 
calculated in parts per 100,000 of absolute 
alcohol, e.g. in milligrams per 100 ml. or grams 
per hectolitre. The total amount of the 
secondary products expressed in this manner is 
termed the “ coefficient of impurities ” or 
preferably the “ coefficient non-alcohol.” The 
standard coefficient suggested by Gerard and 
Cuniasse for genuine brandy is 300, of which not 
less than 80 should be esters. 

The causes which affect the characteristic 
bouquet of the wine naturally influence the 
proportion as well as the character of the 
volatile matters included in the “ coefficient ” 
of the brandy. Thus the proportion of the 
acids and esters is considerably augmented if the 
wine becomes sour and usually the aldehydes are 
higher in white than in red wines, von Fellenherg 
(Mitt. Lebensm. Hyg. 1927, 18, 337) found 
that a brandy made from unripe fruit and having 
an abnormal odour and taste contained mustard 
oil. 

Extent and careful control of distillation are 
undoubtedly vital factors in the determination 
of the composition and quality of brandy. If 
only the early fractions, “ produits de tete ’ ’ 
which contain the aldehydes and more volatile 
esters, are taken the flavour of the resulting 
product is very agreeable and wine-like, whilst 
the analytical data completely satisfy the usually 
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accepted standards On the other hand, the 
later fractions, ** produits do queue,’* containing 
the higher alcohols and furfural can be greatly 
unproved by the use of dephlegmators. The 
excess of higher alcohols, furfural, acetic acid, 
and various obscure substances which, though 
present only in very small proportion, have a 
pronounced adverse effect on the odour and 
flavour, can also be adsorbed by animal charcoal. 

In the brandies of Charente and Armagnac 
the coefficient is usually rather high, but 
ordinarily in cognacs and fine champagne it 
ranges between 275 and 450, though occasionally 
it falls considerably beyond these limits. 
Brandies obtained from wines of the Midi and 
from Algeria show much wider variations 
ranging from 25 (indicating strong rectification) 
to 500. Marc brandies have almost invariably a 
high coefficient, ranging from 600 to nearly 
1,500 and m these aldehydes often form a large 
proportion. 

Attempts have been made to fix minim nm and 
maximum values for the coefficient, but without 
much success, the former with a view to the 
detection of the admixture of neutral spirit 
and the latter to restrict, for physiological 
reasons, the amount of secondary products. 
The effect of such limits would be to condemn 
many brandies which are undoubtedly genuine 
and even of high commercial value. The 
French Go. eminent in 1904 instituted an 
enquiry by the Technical Committee of CEnology 
into the possibility of fixing standards for the 
total amount of secondary products (“ coefficient 
non-alcohol ”) of genuine brandy, but the 
conclusion arrived at was that neither a minimum 
nor a maximum limit could be recommended 
owing to the extremely variable character of 
brandy, not only with respect to the coefficient 
as a whole, but also in regard to the proportions 
of the volatile constituents relatively to each 
other. 

The variations disclosed m the published data 1 
relating to the composition of genuine brandy 
and the comparative agreement between these 
data and those appropriate to factitious pro- 
ducts afford some justification to those workers 
who contend that whilst analytical values are 
not to be despised, taste sad odour are the most 
reliable criteria by which to distinguish the 
two classes of products. Zellner (Z. Unters. 
Lebensm. 1927, 54, 389) and Ruppin (ibid. 
1929, 57, 243) support this contention. They 
are opposed by Buttner and Miermeister (ibid. 
1929, 58, 628-635), whilst Graff (ibid. 391-393) 
is of opinion that tasting must occupy a 
secondary position. In considering the question, 
regard must be had to the changes which take 
place when a genuine brandy is “ aged,” either 
by efflux of time or artificially, or when one of 
poor quality or doubtful origin is subjected to 
an “improving" process. Thus the natural 
improvement observed in genuine brandies by 
“ ageing " is always accompanied by a rise in 
the quantity of the secondary constituents due 
to the formation of oxidation products (alde- 
hydes and acids) and esters, as well as to 
the concentration due to the loss of alcohol and 
water. The higher alcohols also tend to increase 
and furfural to diminish with age. It has been 


suggested that the mellowness due to age may 
be imparted to new brandy, making it fit for 
immediate use, by adding small quantities of old 
rum, kirscb, syrup of raisins, and infusion of 
walnut hulls, whilst low wines which have been 
kept for some months in casks with clear ram- 
water and a small quantity of strong brandy 
as a preservative may also be used for a similar 
purpose. Jarraud (Chim. et Ind., special no, 
613-615, May, 1924) has devised a special electro- 
lytic treatment of brandies which effects 
oxidation, lesulting in an artificial ageing in 
certain respects similar to, but not identical 
with, natural ageing phenomena. 

Physiological Considerations . — The medicinal 
use of brandy has decreased considerably 
during recent years, whiskey finding greater 
favour both as a stimulant and as a hypnotic 
On the other hand the weight of medical 
evidence on the question, given before the 
Commission of Enquiry in 1909, ascribed to the 
ethyl alcohol and not to the secondary products 
any beneficial effects to be derived in the treat- 
ment of disease. Whilst the inebriating effects of 
alcoholic liquors may, in the main, be attributed 
to the common ingredient — ethyl alcohol— 
the varying effects peculiar to each must bs 
attributed to the secondary products which 
vary in nature and proportion. There is 
evidence that the physiological effects of wine 
and newly distilled brandy are similar, whilst 
brandy which has undergone a natural process 
of agemg does not affect the consumer in tho 
same manner or to the same extent. It would 
appear, therefore, that the higher alcohols 
which remain practically unaltered in the wine 
or brandy, whatever the age of the latter, aro 
not the cause of the peculiar effects of brandy. 
These may be attributed to the other secondary 
ingredients— aldehydes, esters, and furfural- 
winch undergo considerable change in the 
transition from wine to old brandy. According 
to thB British Pharmaceutical Codex brandy is 
of valne in the milder forma of diarrhcea and 
vomiting. By ita reflex stimulation of the 
medulla it acta as a restorative in syncope if 
given undiluted. It is of value in cases of acute 
infection ; it promotes quieter and deeper 
breathing when respiration is aSected and in 
many cases tends to promote calm and peaceful 
sleep. I. G. H. T. 

BRASS. Yellow alloys of copper and zinc 

BRASSIDtC ACID, 

CHj-ICHjVCH.CH-LCHjl^COtH, 
is obtained from erucic acid by the action of 
sodium nitrite, yield 80-90% (Rankoff, J. pr. 
Chem. 1931, [u], 131, 293), or of nitrousacid (Holds 
and Schmidt, Z. angew. Chem. 1922, 35, 502) or 
by the action of sulphur and water, sulphur 
dioxide, or sulphurous acid (Rankoff, Ber. 1930, 
63 [B], 2139) : erucic and brassidic acids are 
related as tiglic acid is to angelic acid, and 
ozonolysis of either gives the semialdehyde of 
brassyhc acid (Holde and Zadek, Ber. 1923, 
66 [B], 2052). For further information relative 
to its configuration and production from erucic 
acid, see Paal and Schiedewitz (Ber. 1930, 63, 
[B], 766). It is stable towards air and light. 

Brassidic acid crystallises from alcohol in 
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plates, m.p. 61-5° (Rankoff, l.c., also Holde and 
Zadek, l.c.), b.p. 282°/30 mm.; d” 0-8585, 
n 100 1-4347 ; it is less soluble than erucic acid in 
alcohol and ether; the anhydride has m.p. 64° 
and the ethyl ester m.p. 30°-30-5°, phenyl 
braseidate has m.p. 44°, b.p. 285°/12 mm. 
(Skraup and Beng, Ber. 1927, 60 [B], 942). 
For thallous salts of the acid, see Walter (Ber. 

1926, 59 [B], 962). 

For the p-chloro, p-bromo, p-iodo, and 
p-phenyl-phenacyl esters, see Kimura (J. Soc. 
Chem. Ind. Japan, 1934, 37, 154), these deriva- 
tives, and the hydrazides of the acid, provide 
convenient means of identification of brassidie 
acid: the hydrazides, prepared by condensing 
the acid -frith , the appropriately substituted 
hydrazine, also provide a means of separation 
of brassidie acid from related fatty acids : 
the phenylhydrazide has m.p. 98°, the fS-naplithyl- 
hydrazide, m.p. 121°-122°, the aa-methylphenyl- 
hyirazide, m.p. 69°, and the diphenylhydra- 
zide,' m.p. 106° (Vesely and Haas, Chem. Listy, 

1927, 21, 351 ; Chim. et Ind. 1928 (April), 
507). 

Esters of diiodobrassidic acid, obtained by 
addition of iodine to esters of behenolic acid 
(Swiss P. 62968), find application in therapeutics, 
(U.S.P. 1688100, 1688169). G. F. B. 

BRASSYL1C ACID, undecanedicarboxylic 
acid, C0 2 H-[CH 2 ] 11 -C0 2 H, may be obtained 
by oxidising behenolic acid, C 22 H 40 O 2 , with 
fuming nitric acid (Haussknecht, Annalen, 1867, 
143, 45; Grossmann, Ber. 1893, 26, 644), or 
by oxidising erucic acid with nitric acid (Fileti 
and Ponzio, Gazzetta, 1893, 23 (ii) 393) or with 
ozone (Verkade, Hartman, and Coops, Rec. trav. 
chim. 1926, 45, 373). For details of a synthetic 
method of preparation from undecolic acid 
involving transformation of iV-undecenoic acid, 
see Krafft and Seldis, Ber. 1900, 33, 3571). 

Brassylic acid crystallises in flat needles, 
m.p. 113°-114° ; for X-ray data of the crystals, 
see Gaspari (J.C.S. 1928, 3235). It is readily 
soluble in alcohol and ether, sparingly so in 
water. The monomethyl ester, m.p. 57°-57-5°, 
is obtained by ozonising methyl erucate and 
allowing the resulting aldehyde-ester to autoxi- 
dise (Holler and Adams, J. Amer. Chem. Soc. 
1926, 48, 1074) ; the dimethyl ester has b.p. 170°- 
210° (Muller, Rolz, and Wiener, Ber. 1934, 
67 [B], 295). The anhydride, m.p. 76°-78°, is 
obtained by heating brassylic acid with acetic 
anhydride (Hill and Carothers, J. Amer. Chem. 
Soc. 1933, 55, 5023). G. F. B. 

BRAUNITE. A manganese mineral classed 
with the oxides but containing an appreciable 
amount of silica (8-10%), the formula being 
3Mn 2 0 3 -MnSi0 3 or 4Mn 2 0 3 -MnSi0 3 . The 
manganese is usually isomorphously replaced by 
small amounts of iron, calcium, barium, etc. It 
is generally found in compact masses, but some- 
times as tetragonal pyramids, the angles of 
which are very near to those of the regular 
octahedron. The crystals possess a perfect 
pyramidal cleavage. The colour is black with a 
sub-metallic to metallic lustre. Sp.gr. 4-8 ; 
H. 6-61. The mineral is found in the man- 
ganese mines of Sweden ; and, with the excep- 
tion of psilomelane, it is the most abundant of 


the manganese ores in India (v. L. L. Fermor 
Mem. Geol. Survey, India, 1909, 27). L. J. S. 

BRAZILEIN and BRAZILIN v. Bbazil- 

WOOD. 

BRAZILETTO. An inferior kind of Brazil- 
wood obtained from Ciesalpinia braziliensis 
Linn., growing in the West Indies. 

BRAZILITE. A synonym of baddeleyite, 
native zirconium oxide ZrO a (q.v.). The same 
name has also been applied to an oil-bearing rock 
from Bahia, Brazil. L. J. S. 

BRAZIL NUTS. The fruits of Bertholletia 
ezeeha Humb. and Bonpl. The principal 
constituent of the nuts' is the oil (q.v.), 70% 
and upwards, which in S. America is used as a 
food oil. 

The nuts contain globulins, an examination 
of which is reported by Jones, Gersdorf and 
Moeller (J. Biol. Chem. 1924, 62, 183). Seaber 
(Analyst, 1933, 58, 575) finds minute amounts 
of barium as an essential constituent of the ash of 
the nuts. A. G. Po. 

BRAZIL NUT OIL is present to the extent 
of about 70% in the kernels of the common 
Brazil (Para) vvt, the seed of Bertholletia excelsa 
Humb. and Bonpl. (Fam. Lecythidaeex). 1 The 
bulk of the exported nuts is consumed for dessert, 
confectionery, etc., but a certain amount of oil is 
expressed in S. America and used for edible 
purposes, or for the manufacture of fine soaps : 
technical Brazil nut oil is also prepared to a 
small extent in Europe from nuts which have 
deteriorated in transport or storage, so as 
to be unfit for consumption as food. The fresh 
expressed oil is pale in colour and has a flavour 
similar to that of the nuts themselves and 
deposits a considerable amount of stearin on 
standing at ordinary temperatures. The iodine 
value lies between 95 and 106. The fatty acids 
of the oil consist, so far as is known, of oleic acid 
(about 45%), linolic acid (about 35%), and 
saturated acids (about 20%) comprising mainly 
palmitic acid with minor amounts of stearic 
acid. The reported presence of very small 
amounts of myristic acid (Schuette and Enz, 
J. Amer. Chem. Soc. 1931, 53, 2756) requires 
confirmation. This is also the case with the 
acetyl value for the oil, and it seems that we 
must await further evidence before reaching 
definite conclusions on these points. 

The Brazil nut press-cake can be used as a 
cattle-food or manure ; alternatively it may bo 
treated with solvents for the recovery of the 
residual oil. Such extracted oil is darker than 
the expressed oil and only suitable for industrial 
purposes. 

Oil recovered from the parings obtained bv 
slicing ofi the brown skin (testa) of Brazil 
kernels had an iodine value of 114-3 (Allan and 
Moore, J.S.C.1. 1925, 44, 94T). E. L. 

BRAZILWOOD. Under the name of 
Brazilwood certain varieties of the so-called 
“ soluble ” red woods are known, the term 
“ soluble ” being employed to distinguish them 
from the dyestuffs of the barwood class, which 
only with difficulty yield their colouring matters 
to boiling water. These soluble red woods 


. Exported Brazil nuts occasionally include the verv 
similar Paradise or Sapucaia nuts from the allied 
species Leeythis Ollaria L. and L. Paraensis Hub., etc. 
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giro a bright -red shade with aluminium mor- 
danted fabrics, which in each case is derived 
from one and the same colouring matter, and all 
aro botamcally allied in that they consist of the 
wood of various species of Cxaalptma. About 
nine varieties have been employed as dyestnSs, 
of which the following are the beat known : 

Pernambuco or Pernambuco icood is considered 
to be the richest in colouring matter, and is 
the product of the Cs^alpima crista, a tree which 
is abundant m Jamaica and Brazil. 

The true Brazilwood is derived from the 
Casalptnia brazihensis, and is said to contain 
only one half the colouring matter which 
is present m the Femambuco variety It is 
obtained exclusively from Brazil. 

Sappanwood is obtained from the Csesalpmia 
sappan, a tree which is common to the warmer 
regions of Asia The so-called Limawood 
is a variety of sappan, and the dyewood imported 
from the Philippine Islands is an inferior quality 
of this product 

Peachwood 13 the product of the Cxsalpmuz 
echinata which occurs in Central America and 
the northern parts of South America. 

These woods, which are very hard and of a 
deep-red colour, come into the market in the 
form of billets \arying in weight from a few 
pounds up to a hundredweight If freshly cut, 
the internal colour of the wood is seen to be 
light-yellow, but this soon changes to deep red 
in contact with air 

Some varieties of these woods were employed 
for dyeing purposes m India long before the 
discovery of America, and it is stated that 
when South America was discovered by the 
Spaniards, in 1500, the northerly portion of the 
country was named Brazil (from braza, fiery 
red) because this red dyewood was found there 
m such immense quantities. 

Brazthn, the colouring principle of Brazilwood, 
was first isolated in a crystalline condition by 
Chevreul (Ann Chim. 1808, [11, 68, 225) and was 
subsequently examined by Bolley (Schweiz, 
polyt Zeitsch. 1864, 9, 2G7), and Kopp (Ber. 
1873, 6, 446), but it was left to Liebermann 
and Burg (Ber. 1876, 9, 1883) to determine the 
exact composition of this substance, and their 
formula, C I8 H 14 O a , is accepted at the present 
time. To prepare brazilm from the wood itself 
is a tedious procedure, and the usual method 
of preparation is from the crude crystalline 
crusts of the substance which are sometimes 
deposited from Brazilwood liquor, an inter- 
mediate product in the manufacture of Brazil- 
wood extract. The crude substance is best 
purified by two or three crystallisations from 
water to which a little sulphurous acid has been 
added (Gilbody, W. H. Perkin and Yates, 
J.C.S. 1901,79, 1396). 

Brazilm crystallises in two forms, either as 
colourless needles containing 1JH,0, or as 
colourless pnsms with 1 HjO. It is readily 
soluble in alcohol and water, and dissolves m a 
dilute solution of sodium carbonate with a 
beautiful carmine-red colour. 

Tetra - acetylbrazilin, C I8 H 10 O,(C 2 H s O) 4 , 
colourless needles, mp. 149°-I51° (Liebermann 
andBurg) ; friaeWyIiraith‘n,C 1B H n O s (C 2 H s O) 3 , 
needles, m.p. 105°-106 a (Bachka and Erck, Ber. 


1885, 18, 1139); brombraztlin, C I6 H, 3 BrO., 
brown red leaflets (B. and E.) ; dibrombraziUn, 
C ie H 12 Br z O;, leaflets (Schall and Dralle,' 
Ber. 1889, 22, 1550) ; tetra acetylbrombrazilin, 
C 18 H a Br0 s (C s H 3 0)4, needles, m.p. 203°- 
204° (Bushka, Ber. 1884, 17, 685); tetra acetyl. 
dibrombraziUn, C 18 H 8 Br 2 0 s (C 2 H 3 0) 4 , m.p. 
185° (S. and D.) ; tribrombrazihn, Cj e H n Br 3 O s 
(S. and D.); dichlorbrazilvn, C 14 H 12 CI 2 0 6 (l! 
and B.); and teirabrombrazilin, C 18 H 10 Br 4 O 5 , 
fine red needles (B. and E.) have been prepared! 

When brazilm is methylated with methyl 
iodide in the usual manner, it gives brazilm 
trimethyl ether (S. and D., Ber. 1887, 20, 3365; 
Herzig, Monatsh. 1893, 14, 56 ; and Schall, Ber 
1894, 27, 525), C 18 H u Oj(OCH 3 ) 3i prisms, 
m.p. 138°-139°, which on acetylation yields 
acelylbrazilm tnmelhyl ether, 

Ci®H 10 O 2 (OCH 3 ) 3 (C 8 H 3 O), 
m.p. 171°-173° (Herzig, Monatsh. 1894, 15, 140; 
Schall, I e.). 

A convenient method for preparing large 
quantities of the trimethyl ether by means of 
sodium methoxide and methyl iodide is de 
scribed by Gilbody, Perkin and Yates (ie.), 
and a second method, employed by v. Kostanecki 
and Lampe (Ber. 1902, 35, 1669), consists in 
methylating brazilm with excess of dimethyl 
sulphate and alkali. 

The difficulty experienced in fully methylating 
brazilm is evidence of the presence of an alcoholic 
group ; but the tetramethyl ether, 
C lt H 10 O[OCH 3 )„ 

m.p. 137°-] 39°, has been prepared by Schall 
by treating the sodium compound of the tri- 
methyl derivative suspended m benzene with 
methyl iodide at 120° (c/. alto Herzig, !e.). 
From this substance the following derivatives 
have been prepared: brombrazxlin tetramethyl 
ether, C 18 H,BrO(OCH 3 ) 4 , prisms, mp, 
180°-181° (S. and D., Ber. 1888, 21, 3014); 
and dibrombrazihn tetramethyl ether, 

C 18 H g Br s O(OCH 3 ) 4 , 
m p. 215° (S. and D., Ber. 1890, 23, 1432). 

When brazilm is submitted to dry distillation 
it gives resorcin (Kopp, lx.), and Liebermann and 
Burg obtained resorcin by fusing it with potas- 
sium hydroxide; Herzig (Monatsh. 1906, 27 
743) also obtained protocatechuic acid in this 
manner. With nitric acid brazilm yields tn- 
mtroresorcmol (Reim, Ber. 1871, 4, 334). 

When brazdin, the colouring principle, is 
oxidised under suitable conditions, it is con- 
verted into brazilem, the true colouring matter; 

Ci«H 14 O s +0=C J8 H 12 O s +H t O; 
and for this purpose the action of air on an 
alkaline brazdin solution, of alcoholic iodine 
(Liebermann and Burg), of potassium nitrite and 
acetic acid (Schall and Dralle), of nitric add in 
the presence of ether (Buchka and Erck), and of 
sodium iodate (Slayer, Chem. Zentr. 1904, u, 
228) on brazdin solutions have been employed 
It was, however, shown at an early period by 
Hummel and A. G. Perkin (J.C.S. 1882, 41, 367) 
that brazilein, Ci«Hii0 6 , * 8 readily obtained 
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by the atmospheric oxidation of an ammoniacal 
solution of Brazilwood extract. 

Brazilein consists of minute plates possessing 
a strong metallic lustre, and by transmitted 
light a reddish-brown colour. It is very 
sparingly soluble in all the usual solvents and 
cannot be recrystallised in the ordinary manner. 
It is in reality the colouring matter of Brazilwood 
and possesses strong tinctorial property. 
Alkaline solutions dissolve it with a deep-red 
coloration which on standing in air passes 
gradually to brown. A study of this oxidation 
by Schall and Dralle led to the isolation of 
/3-resorcylic acid and a substance, C 9 H 6 0 4 , 
brownish-yellow needles, m.p. 271°, which gave 
a diacetyl compound, m.p. 148°-149°, and a 
dimethyl ether, m.p. 169°-170°. When the latter 
was oxidised, j3-resorcylic acid monomethyl ether 


MeOr / '~NoH 

L JcOOH 


was produced. Schall and Dralle considered 
that the compound, C 0 H 6^4* was a pheno-y- 
pyrone derivative, and this was confirmed by 
Feuerstein and Kostanecki (Ber. 1899, 32, 
1024) who assigned to it the constitution : 



Thus the dimethyl ether, when hydrolysed with 
sodium ethoxide, gave formic acid and fisetol 
dimethyl ether : 


MeO 



OH 

CO-CHo-OMe 


a substance which had already been obtained 
in a similar manner by Herzig (Monatsh. 1891, 
12, 178) from fisetin tetramethyl ether. Final 
confirmation of its structure was afforded by 
synthesis (Pfeiffer and Oberlin, Ber. 1924, 57 
[B], 208 ; and- Konermann, ibid. 1925, 58 [Bl, 
1947). 


Our chief knowledge of the constitution of 
brazilin is due to the investigations ofW. H. 
Perkin and his pupils, who obtained important 
results by the oxidation of brazilin trimethyl 
ether with potassium permanganate and also 
with chromic acid. 

When brazilin trimethyl ether is oxidised with 
permanganate it gives, in addition to oxalic, 
acetic, and formic acids, the following, com- 
pounds (Gilbod 5 ’, Perkin, and Yates, l.c . ; 
Perkin, J.C.S. 1902, 81, 1014; Perkin and 
Robinson, ibid. 1908, 93, 489) : 

(1) m-Hemipinic acid (I), i-.b-dimelhoxy -2- 
carboxybenzylformic acid (II), and 4:5-dimethoxy- 
2-carboxybenzoylformic acid (III). 


MeO/^COOH 


MeOl 


COOH 


I. 


MeOr^^COOH 

Meol N JcH 2 -COOH 

II. 


MeO 

MeO 


COOH 

COCOOH 


III. 


The isolation of these acids was important since 
they showed that brazilin contains a catechol 
nucleus and the presen ce of the two orthohydroxyl 
groups accounts no doubt in part for its tinctorial 
properties. Substances (II) and (III) represent 
intermediate stages in the formation of m- 
hemipinic acid. 

(2) 2-Carboxy-5-melhoxyphenoxyacetic acid 
(IV), and the acid (V), the latter, no doubt, 
being that product of the oxidation which is 
anterior to the formation of (IV). * 


MeOr^NoCHj.COOH 


COOH 

IV. 


Meo/\,0-CH 2 -CH(OH)'COOH 


*2 

JcOOH 

V. 


(3) Brazilic Acid (VI). When warmed with 
sulphuric acid this is converted into anhydro - 
brazilic acid (VII), the structure of which was 
confirmed by the synthesis of its methyl ester. 
A solution of the methyl ester of 6-hydroxy-4- 
methoxybenzoylpropionie acid in ethyl formate, 
when treated with sodium, gave the methyl 


Me' 



^ /C{OH)-CH„-COOH 
CO 


MeO.^N^ ° V CH 


/CCH„-COOH 
CO 
VII. 


ester of anhydrobrazilic acid. This interesting 
synthesis may be represented as follows : 


MeO 


i l' /x y>H 

CO'CHj-CHj-COOMe 
MeO // ''NOH CH-OH 

II 

l^^JCO— C— CHj-COOMe 

MeOf''' / ' v V' 0n -CH 



CO 


,C'CH.'COOMe 



70 


BRAZILWOOD. 


(4) Brazilimc Acid (VIII). The constitution 
of this acid has been conclusively demonstrated 
by its synthesis, winch has been effected by the 
interaction of m hemipinic anhydride with 
ethyl m-methoxyphenoxyacetato in the presence 
of aluminium chloride : 

n OCf^OMe 

O CHj-COOEt+O^J 


'CO COOH 


M C H s-C O 0 H 

V\C 

MeO OMe 
VIII. 

A later synthesis of brazihnic acid is recorded 
by Ray, Suooja and Wadha (J. Indian Chem. 
Soc. 1933, 10, 617). 

When brazihnic acid is reduced with sodium 
amalgam it is quantitatively converted into 
dihydrobraziltmc acid, C 1# H, 0 O 8 , which at once 
loses water with the formation of the lactone 
c i«H, g Og. To synthesise the latter com- 
pound, m-hemipimc anhydride is condensed with 
resorcinol dimethyl ether to form 2-hydroxy 
4 4':5'-trimethoxybenzoylbenzoic acid : 


MeO 



:OMe 


’OMe 


When reduced with sodium amalgam, this acid 
gives 2-wi-meeonyl 5-methoxyphenol (IX), and 
this by the action of chloracetic acid and 
potassium hydroxide is converted into the lactone 
ofiMycfrobraziimic acid (X). Dihydro brazihnic 


VLhc^o 



MeOj^^o CH t -COOH 






MeO 

X. 


acid itself is accordingly represented by formula 

(XI). 

MeO| //-/X% jO , CH 2 -COOH 

N ^/ N ‘CH OH COOH 


U 


XI. 

As a result of this work the following con- 
stitution (XII) was assigned to brazihn by 
Perkin and Robinson (lx.) and is in complete 
harmony with the facts above enumerated. 


HO: 



0| //N V' ° N 'CH 1 

U-hc Jc Y> H 

,o>CH-k/ OH 


xin. 

v. Kostanecki and his co-workers (le) 
eventually considered that brazilin possessed 
the formula XIII, and such an expression 
also represented the final conclusion of Herzig 
and Poliak (Monatsh. 1901, 22, 207; 1906, 27, 
743; Ber. 1906, 39, 267) as to the structure 
of this colouring principle. Such a configuration, 
however, was untenable, since it did not account 
for the production of brazihnic acid by the 
oxidation of trimethylbrazihn (l e . ), and, 
indeed, later work has confirmed the correctne's 
of the formula proposed by Perkin and Robinson 
(I.C.). 

Oxidation o/ TrimcthylbraziUn tcilk Chromic 
Acid . — When trimethylbrazihn is oxidised with 
chromic acid it is converted into trimethyl- 
brazilone (Gilbody and Perkin, J.C.S. 1902, 81. 
1040); this, by further oxidation with per- 
manganate, gives the same products as are 
obtained directly from trimethylbrazilin by the 
use of this latter reagent. 

The reaction evidently proceeds a3 follows 
(Perkin and Robinson, l.c .) : A disruption of 
the central linkage of trimethylbrazihn fir*t 
occurs with the formation of an unstable dike* 
tone (XIV) and from this by aldol condensation 
trunethylbrazilone (XV) is produced. Thu 
formula represents trimethylbrazilone as a 
derivative of both coumaran and tetrahydro- 
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naphthalene, and affords a ready explanation of 
the decomposition products of this compound. 


MeO 


'CH 2 
I 2 
CO 

OC CH= 

w 



OMe 


O-Triacehjlbrazilone (+0-6H 2 O), m.p. 187° 
(decomp.), and 0 -tribenzoylbrazilone, m.p. 205° 
(decomp.), have been prepared (Perkin, Ray and 
Robinson, J.C.S. 1928, 1513) by oxidising the 
corresponding brazilin derivatives with chromic 
acid. 

By the action of alkalis, or acetic anhydride 
and other dehydrating agents, trimethyl- 
brazilone is converted into anhydrolrimethyl- 
brazilone (XVI), the formation of this sub- 
stance being due to elimination of water from 
the aldol grouping. Anhydrotrimethylbrazilone 
is thus a derivative of /3-naphthol and it 
possesses many of the properties of this sub- 
stance, e.g., it is soluble in dilute alkali and 
such a solution gives with diazobenzene chloride 
a red azo dyestuff. 



MeO OMe 


XVI. 

MeO,-' /X Y'°\CH, 



MeO OMe 
XVII. 

When tvimethylbrazilone is boiled in acetic 
acid solution with phenylhydrazine, reduction 
takes place and deoxylrimethylbrazilone (XVII) 
is produced. 


The establishment of the formulae XVI and 
XVII for trimethylbrazilone and deoxytri- 
methylbrazilone respectively is due to the 
synthetio work of Perkin, Ray and Robinson 
(J.C.S. 1926, 941 ; 1927, 2094 ; 1928, 1504) ( cf . 
also Pfeiffer and co-workers, Ber. 1924, 57 [B], 
208 ; 1925, 58 [B], 1947 ; 1927, 60 [B], 2142 ; 
1928, 61 [B], 294, 839, 1923; 1929, 62 [B], 
1242 ; 1930, 63 [B], 1301 ; J. pr. Chem. 1931 (ii), 
129, 31). The synthesis of deoxytrimethyl- 
brazilone by the former authors was effected as 
follows : Protocatechualdehyde condensed with 
7-methoxychromanone in acetic acid solution by 
means of hydrogen chloride gave 3 : 4-dihydroxy - 
benzylidene-7 - methoxychromanone (XVIII), 
from which, by reduction, the saturated ketone 
(XIX) was produced. On methylation in the 


MeO, 



OH 


MeO, 



XVIII. 


V -CH„ 


CH — CH- 


XIX. 


OH 

<D oh 


usual manner, (XIX) yielded 3-homoveratryl-l - 
methoxychromanone and from this, by the 
dehydrating action of phosphoric anhydride, 
deoxytrimethylbrazilone, identical -with the 
product from natural sources, was obtained. 
The structure (XVII) assigned is again confirmed 
by the fact that on oxidation with ferric chloride 
deoxytrimethylbrazilono is converted into 
t'sobrazilein ferrichloride trimethyl ether (vide 
infra). 

By reduction with hydrogen and a palladium 
catalyst (Perkin, Ray and Robinson) deoxytri- 
methylbrazilone gives the di/ii/dro-denvativo 
(XX), and this, when oxidised with chromic 


MeO 



XX. 

acid in acetic acid solution, passes into tri- 
methylbrazilone. 

Syntheses of deoxytrimethylbrazilone and 
trimethylbrazilone have again been effected by 
Pfeiffer and co-workers ( l.c .) by methods similar 
to those detailed above. 

The constitution of deoxytrimethylbrazilone 
as proved by synthesis, led Perkin, Ray and 
Robinson to suggest the tautomeric system 
XXHI for trimethylbrazilone. 


The phase XXI must be, at least, an inter- 



mediate m the formation of a anhy drotrimcthU- , 
brazilone under the mfuence of aqueou3 alkalis, 
whilst XXIII offers an explanation of the 
remarkable behaviour with phenylhydrazine. 
Nevertheless, XXI ard XXIII can only be 
related through XXII, which seems to be the 
most satisfactory single expression of the 
whole character of tnmethylbrazilone which it is 
possible to select. 


MeO, 



xxm. 


The reduction of tnmethylbrazilone in ethyl 
acetate by means of amalgamated aluminium 
yields a compound, m p. 129° (decomp ), to which 
the composition C I ,H I0 O i ,0 5H s O is pro 
vtsionally assigned When reduced with zinc 
dust in alcoholic acetic acid solution, tnmethyl* 
brazilone yields the intramolecular pmacol, 
trimcthyldihydrobraiilone (isotrimelhyidihydro 
bratiUtnol), m.p 167°-1GS° 


MeO. 



This exhibits the reactions expected of a tri 
metbyldibydrobrazileinol, and on reduction m 


strongly acid solution gnes deoxy trimethyl, 
brazilone (Perkin, Ray, and Robinson). 

According to Pfeiffer, Hilpert, and Schneider 
(J. pr. Chem. 1933 [u], 137. 227). catalytic 
reduction of tnmethylbrazilone yields the di- 
hydro-compound, trimethylbrazilonol (XXIV), » 
substance which is also obtained, mixed with 
a- and ff-tnmethylbrazilopinacones, when the 
reduction is effected with magnesium and 



MeO./ N V 0v -CH. 



acetic acid The a ■ and ff-trimethylbrazilopma- 
cones are recon\erted into tnmethylbrazilone 
by oxidation with chromic acid, whilst the 
/? isomende on further reduction with magnesium 
in acetic acid gnes nsc to trimethylbrazilonol 
The isomerism of these compounds is attributed 
to pinaconc formation at different CO groups. 
Trimethylbrazilonol is umraolecular and u 
oxidised by chromic acid to dihydrobrazihnic 
acid, with methyl sulphate and alkali it 
gives a methyl ether to which the cyclic formula 
XXV is assigned on account of its freedom from 
active hydrogen group. 

By reducing tnmethylbrazilone with sodium 
amalgam in the presence of alcohol and acetic 
acid, Pfeiffer and Schneider (J. pr. Chem. 1934 
[u], 140, 9) obtained a-anhydrotrimethyl- 
brazilone, trimethylbrazilonol, 0 trimethyl- 
brazilopinacone, and the stercoisomeriiles o 
and p trimethylaMobrazilin. a-TrimethylnBo- 
brazilm, to which formula XXVI is ascribed, 
contains no active hydrogen and docs 


MeOi 


m 


V CH, 
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not form an oxime. By the action of acetic 
anhydride and sodium acetate a- and jS-tri-.- 
raethylalfobrazilin yield the same acetyl deriva- 
tive, and from this by hydrolysis with dilute 
acetic acid a-trimethyloiiobrazilin is readily 
produced. On warming with alcohol and a 
little sodium hydroxide solution, the /?-isomeride 
passes quantitatively into the a-compound. 

Brazilein. — To brazilein Peririn and Robinson 
(l.c.) assigned the constitution : 


HOr /X ', / '° x CH 



A triaeelyl derivative, yellow leaflets, m.p. 203°- 
207° (Schall and Dralle, Ber. 1890, 23, 1434), and 
a Irimethyl ether, which crystallises in two 
modifications melting at 160° and 178° respec- 
tively (Engels and Perkin, Chem. Soo. Proc. 
1906, 22, 132), are described. 

When brazilein is dissolved in sulphuric acid 
and the solution is diluted with acetic acid, 
minute orange-red prisms of iso brazilein sulphate 
C 16 H„0 4 -S0 4 H, separate (Hummel and 
A. G. Perkin, J.C.S. 1882, 41, 367), and this, on 
treatment with alcohol, gives the basic sulphate 
C 16 H 12 ° 5 ( C 16 H U° 4 ‘ S 0 4 H ) 2 . which crystal- 
liscs in red needles. Hydrochloric and hydro- 
bromic acids at 100° give is obrazileinchlorhydrin, 
c 1c h u o 4 ci, and isobrazilcinbromhydrin, 
Cl 6 H u 0 4 Br, and each compound consists 
of orange-coloured prisms, which are somewhat 
readily soluble in water, forming a solution 
which contains free haloid acid. These interest- 
ing substances dye mordanted fabrics colours 
which are entirely diflerent from those yielded 
by brazilein, and the shades which are produced, 
especially on calico, somewhat resemble those 
given by alizarin. Prom these haloid salts by 
digestion with silver oxide a substance is 
produced known as iso brazilein, which has the 
formula C l6 H 12 0 6 but is totally distinct from 
brazilein. 

According to Engels, Perkin and Robinson 
(J.C.S. 1908, 93, 1122), whose paper must be 
consulted for the detailed account of brazilein 
and its derivatives, these isobrazilein salts are 
derived from 4 : 3-indenobenzopyranol (XXVII), 
and the sulphate is trihy'droxyA-.Z-indeno- 
henzopyrylium hydrogen sulphate (XXVIII) : 



xxvn. 


hso 4 



It was found, for instance, that when brazilein 
trimethyl ether (XXIX) iB treated with sulphuric 
acid it is converted with loss of methyl alcohol 
into the dimethyl ether of isobrazilein Bulphate 
(XXX). An orthoquinonoid structure is 
assigned to this and similar oxonium salts. 


MeOr' / 'N / ° X CH 



XXIX. 



v_/ 

MeO OH 

XXX. 

Crabtree and Robinson (J.C.S. 1918, 113, 859), 
employing ( butein trimethyl ether, succeeded 
by very simple means in synthesising iso- 
brazilein hydrochloride. By reducing butein 
trim ethyl ether (XXXI), the dihydro (benzyl- 
acetophenone) compound (XXXII) is obtained. 
This by digestion with an excess of absolute 
formic acid in presence of zinc chloride is 


MeO 



OH 


/ 

V 


OMe 
)OMe 


CO — CH=CH — ; 
XXXI. 


transformed into isohrazilein hydrochloride 
trimethyl ether (XXXIII). With fuming 
hydrochloric acid at 120°-150° demethylation 
occurs and tsobrazileinhydrochloride is nro- 
duced. 
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By the substitution of acetic acid for formic acid 
in this reaction the corresponding methyl no- 
brazilein derivative can be obtained : 


Cl 



The synthesis in this manner of a colouring 
matter bo closely allied to brazihn itself by the 
employment of butein, a yellow dye which exists 
in the flowers of the butea frondosa (Perkin, 
J.C.S. 1004, 85, 1459), ia of exreplional interest. 

The commercial preparations of Brazilwood 
known as Brazilwood extract and Brazilwood 
liquor are prepared by boiling the ground fresh 
wood w ith water and evaporating the decoction 
thus obtained to various degrees of consistency 
without access of air, or as rapidly and at as 
low a temperature as possible, e g. in vacuum 
pans. 

Dyting Properties . — Before dyeing, the logs as 
imported are rasped to a coarse powder, and 
this is then usually moistened with water and 
allowed to ferment for some weeks. This opera- 
tion is performed in order to increase the colour- 
ing power of the wood, and there can be little 
doubt that a considerable quantity of the 
brazihn present is thereby oxidised to the 
colouring matter brazilein. It has been con- 
sidered by some that the freah wood contains in 
reality a glucoside of brazihn, which, under the 
Influence of fermentation, is hydrolysed, but no 
evidence has been forthcoming in support of this 
suggestion. 


Brazilwood and its allies have lost their 
importance in dyeing chiefly because of the 
fugitive character of the colours they yield. 
In caheo -printing, Bappan liquor was employed 
for producing steam-reds and pinks, the mor- 
dant used being aluminium acetate or stannic 
oxalate, separately or combined, together with 
some oxidising agent, e g. potassium chlorate or 
a copper salt. It also entered into the com- 
position of steam -chocolates and certain steam 
colours in conjunction with other dyewood 
extracts. These woods were also much used in 
the past along with garancine in dyeing the 
reds, chocolates, BDd other colours of cheap 
prints. 

In wool -dyeing these woods were applied for 
the purpose of dyeing reds and various shades 
of claret and brown, the wool being previously 
mordanted with alum and cream of tartar or 
oxalic acid, or with potassium dichromate, in 
which ease other dyewoods, e.g. iogwood and 
old fustic, were applied in addition. 

In cotton dyeing, peachwood-red was formerly 
obtained by first preparing the cotton with 
ta nnin matter, then mordanting with a stannic 
ealt, and finally dyeing with peachwood, 
sappanwood, etc. Browns were obtained by 
the use of logwood in addition, with or without 
a final passage through a feme ealt solution 
(nitrate of iron). These colours are now 
replaced by others obtained from coal tar. 

A. G. I*, and E. J. C. 

BREAD. The history of bread is lost in 
antiquity. The drawings which still exist in 
many Egyptian tombs of early date indicate 
the existence of the miller and the baker. 

Bread is made by baking dough, which is 
formed by mixing Sour or meal with water, and, 
as a rale, the dough is a fermented one and thus 
contains carbon dioxide. 

The principal ingredient, therefore, in bread is 
the flour or meal which has been obtained by 
crushing and grinding the cereal in question. 
As a rule the ground cereal is submitted to 
certain purification and sieving processes to 
remove portions of the husk. Although other 
sorts of bread are known, the most common 
form of bread in civilised countries is that made 
from wheat. In Germany there is, however, 
still a big demand for iye bread, but this is of » 
rather different nature from wheaten bread as 
commonly understood in England. The reason 
for the particular use of wheaten flour in making 
bread is that this substance forms a characteristic 
elastic mass when mixed with water, due to the 
presence ia the flour of a substance gluten (*• 
p. 76). In other words, it forms what is known 
as dough. 

Bread Ingredients . — The principal ingredient 
is, of course, flour. Wheaten flour consists 
principally of carbohydrates (70%), protein* 
(9J% to 11J%), with moisture (12% to 15%). 
The major proportion of the protein is repre- 
sented by ghadin and glutenin (a. p. 84) and these 
two substances have the property of forming 
with water a colloidal complex which possesses 
certain elastic properties ; these account for the 
dough-forming power of wheaten flour. The 
carbohydrates are principally in the form c ’ 
starch, although Borne sugar (2% to 3%), the 
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majority of which appears to be identical 
with cane sugar, exists. Plour also contains 
somo fat, cellulose and mineral matter. The 
mineral matter in w'hite flour is small, but the 
husk of the grain is richer in this respect and, 
therefore, the lower the grade of the flour the 
higher the ash. 

The next most important ingredient in the 
making of bread is the yeast, as most bread 
nowadays is fermented with this substance. 
Modem practice has indicated the general 
preference for what is known as distillers’ 
yeast, that is to say, yeast made by the distiller 
as opposed to the yeast made by the brewer. 
While brewers’ yeast is very active in fer- 
menting sugar, this action is considerably 
checked by the presence of flour. Jago (“ Tech- 
nology of Breadmaking,” 1911, 223) pointed out 
the toxic action of flour on yeast fermentation, 
but it would appear that this action is less 
severe when distillers’ yeast is used. For panary 
fermentation distillers’ yeast is not only the 
most active but is also the most reliable. 

Finally, salt is regarded as an essential 
ingredient in ordinary bread; it toughens the 
gluten, steadies and checks the fermentation, 
and is also essential from the point of view of 
flavour. Various enriching materials, such as 
milk powders, fats, etc., are sometimes employed. 

Principles of Panary Fermentation . — The 
principles underlying panary fermentation may 
perhaps be best approached by the consideration 
of the making of the simplest possible bread 
with flour, yeast, salt, and water. A dough 
is made with these ingredients at a tempera- 
ture suitable for the working of the yeast, 
normally about 80°E., and in due course the 
dough begins to rise owing to the liberation of 
carbon dioxide. This carbon dioxide formation 
with the subsequent inflation of the dough 
comes, in the first place, from the action of the 
yeast enzymes on the sugar which is present 
in the flour itself. The dough has certain 
elastic and rubber-like qualities varying with the 
nature of the wheat used, and it is thus able to 
retain a considerable proportion of the carbon 
dioxide which is formed within it and thereby 
rises or inflates. 

It might, therefore, be asked why the fermenta- 
tion is continued for some time, as is almost 
invariably the case. The answer is that, in 
order to get the desired bold, upstanding and 
evenly aerated loaf, the dough must be what the 
baker calls “ ripe.” How soon “ ripeness ” 
can be brought about depends upon the con- 
ditions, such as the temperature of the dough 
and the amount of yeast, but it normally takes 
some time. Bread may be made on a variety of 
fermentation systems lasting, for example, for 
periods from as short as 1 hour to as long as 
24 hours, but the majority of bread, particularly 
in England, is made either by a comparatively 
short process of 3 to 4 hours or by an overnight 
process of 10 to 12 hours. If the dough is baked 
before it is ripe, then the loaves will be under- 
sized and will have other defects apparent both 
to the baker and to the consumer. Similarly, 
if the dough has become “ over-ripe ” certain 
defects will be equally noticeable. The ripening 
of the dough would seem to be closely associated 


with changes in the proteins, which, in bread, 
are principally in the form of gluten. It will thus 
be understood that these fermentation processes 
have to proceed until the dough is “ ripe ” and in 
the correct condition for baking. Only then 
will the flour being used give the best possible 
loaf, as the gluten will have obtained a certain 
optimum elasticity. At this stage the dough 
must be kneaded to expel the old stale gas 
which it contains, scaled off to the desired weight, 
and moulded into the shape desired for the bread. 
It is not, however, baked immediately, but 
again allowed to inflate. During the whole 
of the comparatively long process of ferment- 
ation which has been proceeding in order 
to ripen the dough, the yeast has been converting 
the sugar present into carbon dioxide and 
alcohol. It is, therefore, essential at this critical 
stage that there should be left in the dough 
sufficient sugar to allow the finally moulded 
pieces of dough to inflate again before they are 
baked. Modern evidence suggests that, in most 
cases where the fermentation process has 
been reasonably long, most of the original 
cane sugar present has been used up and, 
therefore, a fresh supply of sugar must be 
available. Broadly speaking, this fresh supply 
of sugar is in the form of maltose and has been 
produced from the starch during the process of 
fermentation by the enzyme diastase present in 
the flour or other dough ingredients. It is, 
therefore, essential to ensure that at this period 
of fermentation, which is generally known as the 
proving period, there has been sufficient con- 
version of Btarch to maltose to provide for the 
necessary gas production. If insufficient mal- 
tose has been formed, there is a grave chance of 
insufficient inflation at this critical proving period 
and the loaf will consequently be small, close, and 
unappetising. If, however, there remains at this 
stage, or has been produced at this stage, 
sufficient sugar to cause satisfactory gas pro- 
duction with the subsequent inflation of the 
dough, a good loaf is likely to result from the 
baking as the gluten is now perfectly “ ripe,” 
and, therefore, the final loaf will be bold and 
light, have a pleasing even texture, and will he 
the spongy and easily digestible material desired. 

Other systems of charging the dough with 
carbon dioxide gas are known. Sometimes 
leaven or sour dough is used instead of ordinary 
compressed distiller’s yeast or the gas is formed 
by the action of acid on sodium bicarbonate, as 
is the case when baking powder is used. As will 
be seen later, the most popular form of bread in 
Ireland, known as soda bread, is of this type. 
Modern systems of bread-making will be 
specifically referred to under the section dealing 
with bread manufacture. 

Chemistry of BreadmaTcing . — Practically all the 
bread made in Europe — particularly in Eng- 
land — and America and most other civilised 
parts of the world is made from wheaten flour. 
Wheat is widely grown over the surface of the 
earth, but the flour obtained therefrom varies 
in its suitability for breadmaking. Very 
broadly, the strongest flours, that is to say, those 
that are capable of easily producing the boldest 
and most pleasing loaves, come from certain 
districts of the United States and Canada. 
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Such wheats contain comparatively large 
quantities of protein which.it has been explained, 
in Sour are mainly in the farm of gluten. The 
gluten ia easily obtained when a dough is gently 
washed, with kneading, under a stream of water. 
The starch is washed away with the water, bat it 
leaves behind a rubber like mass which consists 
mainly of protein and is known as gluten The 
flours which are not so useful for the production 
of bold loaves are generally called weak flours as 
opposed to the stronger varieties, and these 
normally contain smaller quantities of gluten; 
furthermore, this gluten itself does not have the 
most desirable physical characteristics In 
England flour is generally made from a Mend 
of wheats and is thu3 of medium strength and 
capable of producing pleasing bread of attractive 
flavour, as many of the weaker wheats m the 
blend, particularly those grown in England, 
have very good flavour. 

The flours made from the various wheats 
containing, aa they do, diflerent quantities of 
gluten of varying quabty, h&ye different power . s 
of water absorption in making a dough of the 
desired consistency. Very approximately 
dough is made up by adding to the flour rather 
more than half its weight of water. Although 
enriching ingredients are sometimes used, it 
ia not generally recognised that if the dough 
consisted only of flour, yeast, salt, and water, 
it would be an extremely complex substance. 
A dough is a complicated colloidal system and 
dispersed in it is the unicellular living yeast 
which causes the fermentation and thus 
introduces constant changes both of a chemical 
and of a physical nature. The problem of the 
fermenting dough is a biochemical one. 

An ordinary baker’s dough, besides containing 
the starch, some of which is being acted on and 
gradually converted into various forma of 
sugar; the gluten, the physical condition 
of which is regulated by its colloidal condition 
and thus controls the physical nature of the 
dough ; water m various forms of combination ; 
mineral matter, cellulose, fat, etc., also contains 
a number of enzymes which bring about 
important changes. In a dough there are present 
at least the following active enzymes . 

(1} Znvertase from the yeast which converts 
the sucrose present in the flour and/or in the 
dough ingredients into invert sugar. 

(2) Diastase from the flour or other diastatic 
material added to the dough, Buch as malt 
extract, which changes a portion of the starch 
into maltose, 

(3) Maltose from the yeast which converts 
maltose to dextrose. 

(4) Protcoclastjc enzymes from the yeast, 
flour, malt-extract, etc., which tend to soften 
and break down the gluten. 

(5) Zymase from the yeast which converts 
the dextrose and invert su gar into carbon dioxide 
and alcohol. 

(6) Phytase which liberates inorganic phos 
phate from phytin. 

The fermenting dongh is thus a most com- 
plicated substance. The most important in- 
gredient of dough is the gluten, which consists 
mainly of the two proteins, ghadin and 
glutenin. Gliadin is soluble in 70% alcohol and 


glutenin in dilute alkali. At one time it wnj 
thought that the proportion of gbadm to glutenin 
m the gluten of flours of different strengths 
varied and was directly connected with the 
strength, but recent work does not confirm this 
theory. Blish (Cereal Chem. 1030, 7, 421) 
suggests that in all flours there are equal 
quantities of ghadin and glutenin (c. p. &4) 
No direct or positive evidence is available as to 
the mechanism of dough ripening. 

It is now recognised that starches from 
different wheats are variously attacked by the 
diastatic enzymes present. Mangels (Cereal 
Chem. 1926, 3, 316) has produced evidence to 
suggest that the vaiying powers of flours to 
produce sugars when autolysed at 27°C. were 
not due to the varying diastatic powers but to 
the resistance of the starches in question. For 
instance. Durum, which produces sugar readily, 
does not have a highly diastatic extract, but its 
starch is easily attacked. On the other hand, 
Kent-Jones and Herd, “ Modem Cereal Chem 
islry, ” J 927, p. 356, have brongb t forward evident* 
suggesting that there are two distinct effects : 

(1) The diastatic power of the flour. 

(2) The resistance of the starches >to enzymic 

attack. 

For example, starch from Durum wheat u 
distinctly less resistant to diastatic attack than 
starches of other wheats. On the other hand, 
the diastatic power of a water extract of Durum 
flour is greater than the diastatic power of water 
extracts of other flours, such as Manitoba and 
Enghsh. 

The Lintner method of estimating diastatic 
activity does not give reliable and useful indica 
tions as to the behaviour of a flour in baking 
This i a due to the fact that most Hour extracts 
can easily convert soluble starch into sugar, but 
have varying powers of converting insoluble 
starch into the soluble variety. 

With respect to the susceptibility of when ten 
starch to diastatic attack, it is now known that 
the system of milling, the pressure exerted in tie 
idling process, the nature and speed of tbe 
rolls, etc., have an effect. 

As panary fermentation proceeds the dough 
increases m acidity, and at one time it was 
thought that for the best results a p H of 5-0 
had to be reached. The importance of hydrogen 
ion concentration in bread-making, however, 
has been too much stressed. Fisher and 
Halton, of the Research Association of British 
and Insh Millers, have investigated the effect of 
hydrogen ion concentration and buffer value on 
the baking quality of flour, and their conclusions 
aTe diametrically opposed to those of Jessen- 
Hansen who had advanced the point of view 
of the necessity of the dough ripening to a pa 
of 50, if the best volumed bread was to be 
obtained. Fisher and Halton (Cereal Cbem 
19^8, 5, 445) state that hydrogen ion concentre 
tioft is not a factor of great importance in bread- 
making and contributes little or nothing to loaf 
quality. They state : 

“ Extensive baking tests have been carried 
Out with a great variety of flours over wide 
ranges of H-ion concentration (from' Pn^™ 
to 4-20) and varying periods of fermentation. 
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The results of the work appear to confirm the 
conclusion reached in an earlier investigation 
that H-ion concentration is not a factor of 
great importance in determining dough or 
loaf quality. Alterations of H-ion concentra- 
tion brought about in doughs by additions 
of acid several times greater than those 
brought about by prolonged over- fermentation 
appear to have singularly littje eSect on dough 
or loaf characters. Moreover, the effects 
observed are not always in the same direction, 
c.ff. slight improvement of some characters 
and slight damage to others may result from 
increased H-ion concentration.” 

Their conclusions seem to he well substantiated 
and to have been generally accepted. 

It will readily be understood, therefore, that 
the fermented dough when it enters the baking 
oven is not simply the same dough as was 
first made hut is now filled with gas, and has 
undergone important physico-chemical changes. 

When the baking operation takes place, the 
changes are still more marked and consequently 
more obvious. A certain proportion of the 
starch becomes gelatinised and consequently 
more highly dispersed from a colloidal aspect, 
while the swollen and hydrated proteins become 
coagulated. This complex mixture is permeated 
with minute bubbles of gas which are responsible 
for the aeration of the loaf and its characteristic 
internal structure. What is known as the texture 
of a loaf is a matter of great importance to the 
baker. For English bread, the crumb must not 
be holey hut should he what is called evenly 
vesiculated. If the gas bubbles held in the 
delicate meshwork of gluten threads, etc., break 
from their immediate surroundings and coalesce, 
too coarse a texture may result and, in extreme 
cases, holes may he formed. 

During the baking process dextrin is produced 
on the crust by the action of the heat and steam 
on the starch, and this is largely responsible for 
what is known as the glaze or bloom on the crust. 
A proportion of the residual sugar is caramelised. 
The temperature of the oven soon checks the 
enzymic actions which have been progressing 
during fermentation and the loaf normally jumps 
to its full size in 10 to 15 minutes after placing 
the dough in the oven. The strain on the net- 
work of hydrated proteins in holding the expand- 
ing gas is considerable, hut it is essential for 
the production of good bread that the network 
should he strong enough to resist this strain, and 
in this way a bold loaf of pleasing texture is 
produced. 

Tho miller’s problem, therefore, is to select 
such wheats as will blend well with one another 
to produce a satisfactory flour for breadmaking. 
One wheat may have a small quantity of gluten 
and another a large quantity of gluten ; together 
thoy balance reasonably nicely in this respect. 
Another wheat may tend to produce a flour 
the gluten of which is too flowy ; this should he 
blended with a wheat the gluten of which tends 
to be stable. If the gluten is either too stable or 
too flowy the best results cannot be obtained, 
but by suitable blending and care in milling the 
best use can be made of the different wheats. 
The baker has to recognise the particular 
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characteristics of the flour and its behaviour in 
the dough so as to adjust his fermentation process 
to get the best result. For example, the gluten 
of a weak flour breaks down too rapidly if 
the fermentation is at all long and severe and, 
therefore, such flour gives the best bread when 
worked on a short, quick process. On the other 
hand, certain very strong flours definitely require 
a large amount of fermentation to mellow them 
to the correct degree of ripeness and, therefore, 
must be given a reasonably long fermentation 
to get the best results. 

The chemistry of bread has, therefore, been 
principally directed towards : 

(1) The characteristics of flours from different 

wheats. 

(2) The effect of varying methods of fermenta- 

tion. 

It is essential that the flour should have a 
reasonable amount of protein or gluten and this 
in a good condition, so that it is able to make a 
dough of satisfactory physical characteristics. 
In other words, besides the quantity of protein 
or gluten present, there is the all-important 
matter of its quality, and valuable work has 
been done in this connection by Wood and by 
Hardy. Wood (J. Agric. Sci. 1907, 2, 139, 267) 
attempted to find some connection between the 
chemical constituents of flour, and more 
especially of gluten, and the strength or baking 
behaviour of flour. Wood was one of the 
first to differentiate clearly between the two 
important factors : 

( 1 ) The gas-producing power of the flour. 

(2) The gas-retaining power of the flour when 

made into the dough. 

It was the quality of the gluten in relation to the 
gas-retaining power that chiefly interested him, 
and he was one of the earliest investigators to 
examine gluten from a colloidal point of view. 
He examined the influence of acids on glutens 
observing what happened when gluten was 
suspended in different strength of acid. For 
example, N / 100 hydrochloric acid caused a rapid 
disintegration of the gluten, but when Nj 10 
solution was used the gluten became tougher and 
less sticky. Wood and Hardy (Proc. Roy. Soc. 
1909, B, 8l, 38) suggested an electronic theory to 
account for the various changes, and this work 
was continued by Hardy (Rep. Brit. Assoc. 
1909), who stated that gluten from the strongest 
and best wheat had of itself neither pleasing 
elasticity nor toughness. These useful pro- 
perties, as far as breadmaking is concerned, were 
merely impressed upon it by the surrounding 
conditions, which in the main were the presence 
of certain electrolytes. Similar work was done 
by Upson and Calvin (J. Amer. Chem. Soc. 1915, 
37, 1295^-1304 ; Nebr. Agr. Exp. Sta. 1916, 
Bull. 8). Sharp and Gortner (Minn. Agr. 
Exp. Sta. 1923, Tech. Bull. 19) and Sharp, 
Gortner and Johnson (J. Phys. Chem. 1923, 27, 
942-947) continued work on the colloidal nature 
of flour proteins, hut the most recent work is by 
Bungenht>rg de Jong and Klaar (Cereal Chem. 
1929, 6, 373 ; 1930, 7, 222, 587 ; 1931, 8, 439 ; 
J.S.C.I. 1933, 52, 391T). These papers mainly 
deal with the colloidal aspect of gluten and its 
two main constituents, gliadin and glutenin, 
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and with the electric charges on the two proteins. 
A. study was made mainly by viscosity and 
turbidity into the various colloidal complexes 
formed by these two proteins at various values 
of p B . Kent- Jones (“Modem Cereal Chem- 
istry," 1927, p 133) has suggested that for good 
strength the floor proteins most have a certain 
degree of dispersion, and that unsatisfactory 
protein characteristics indicate a colloidal nature 
on either side of this mark. This “ optimum 
coagulation theory,” as it has been termed 
(Geddes and Goulden, Cereal Chem. 1930, 7, 527), 
certainly fits m with a number of facts, and has 
received confirmation by the work of Hams on 
the peptisation of flour proteius (Cereal Chem. 
1931, 8, 47, 113, 190, 496). Other investigators 
in America have followed up the work of Hams, 
namely, Geddes, Larmour, etc., and much of this 
work has been reported upon in Cereal Chemistry 
for the years 1930-1931, and some also in the 
Canadian Journal of Research. 

Berliner and Koopman (Z. ges. Muhlen. 1929, 6, 
67) have utilised the swelling power of gluten to 
evolve a test for wheat and flour quality. 

Flour contains varying quantities of phospha- 
tides and their effect on the baking quality has 
been investigated by Working (Cereal Chem. 
1928, 5, 223) and Sullivan and Near (i fil'd. 103) 
This work has not so far been extended, although 
its importance is obvious. 

That part of the chemistry of bread which 
deals with the varying methods of fermentation 
is unfortunately still very vague in spite of work 
done by the Research Association of British 
and Irish Millers. There is a marked difference 
between bread made on a short and on a long 
fermentation system, but little scientific data 
has been collected. Bread produced by the 
longer system is, of course, often definitely sourer 
and to some people too sour. In Scotland, 
however, such bread is appreciated and ordinary 
bread considered to be without taste. 

There is little precise knowledge as to the 
changes in the gluten which take place during 
fermentation. It seems unlikely that the 
fermented dough is the same as first made but 
charged merely with carbon dioxide, as some 
authorities think. The fact that there is a definite 
difference bet trees long ferments tioa bread and 
short indicates that cert am changes must take 
place. During fermentation there appears to be 
an increased mellowness of thB gluten. 

During panary fermentation there is a definite 
loss of weight, as certain dough solids are con- 
verted into carbon dioxide, etc., and thus lost. 
The loss in weight may be as much as $ to 2%. 

Dough Testing Apparatus . — A fairly recent 
development in cereal chemistry is the use of 
dough-testing apparatus. A baker will prefer 
one flour to another because its dough has more 
pleasing physical characteristics, which he knows 
normally result in the production of better 
bread. The chemist should obviously be able 
to measure these physical properties with some 
degree of accuracy, and for this reason various 
machines have been devised. Although a 
number of such machines have been made, 
perhaps the most successful have been the 
Chopin Extensimeter and the Brabender Farino- 
graph. In the Chopin Extensimeter a sheet of 


dough of definite thickness is blown by air 
pressure into a bubble and the forces in play, 
the work done on the dough and a number of 
otber facts are recorded mechanically. The 
test, when properly standardised, gives much 
valuable information as to the physical 
characteristics of the dough and indicate 
why one dough is preferred by the baker to 
another. The other apparatus, the Brabender 
Fannograph, measures the force required to 
turn mixing arms in the dough. The con- 
tmual mixing, which is at high speed, gradually 
breaks down the dough and, from the nature of 
the force required as the experiment proceeds, 
an indication of the value of the properties of 
the dough for ordinary bread making can be 
obtained. 

Such dough tests, although by no means 
perfected and still capable of improvement, 
throw a great deal of light on the usefulness of 
certain flours for baking and on their colloidal 
structures. 

manufacture of Bread . — Most bread, par- 
ticularly in England, is made with yeast, flour, 
salt, and water, and occasionally with additions 
of enriching materials such as milk powder, 
fat, etc. Either short doughs (eg. 2 to 5 
hours) or long doughs ( t.g . 6 to 10 hours) 
are made, the method employed depending on 
its suitability for the business. Naturally a 
long dough has a comparatively small quantity 
of yeast and a fairly low temperature, while & 
short dough certainly has a higher percentage of 
yeast. Practically all bread is made with 
compressed distillers’ yeast. In Australia, 
however, spontaneous yeast is still used, as 
distances are gTeat for transportation of fresh 
material. This spontaneous yeast (commonly 
known as epon yeast) may be made u 
follows : 

16 gallons water. 

1 lb. hops. 

1$ lb. bran. 

6 lb. crushed malt. 

9 lb. sugar. 

9 lb. flour. 

40 lb. potatoes. 

The hops and the bran are boiled together for 
25 minutes, strained into a tub, and cooled 
down to 1G0°F. The malt is then stirred 
m and allowed to stand for 3 hours; the 
liquid is strained off and the residue well 
squeezed. The steamed potato pulp is added 
to the bquor which is cooled down to 85°F.; 
the sugar and flour are then added, stirred well, 
and the stock or old “ spon ” (3 pints) introduced. 
Dough temperature, 80°F. 

Hi Scotland, especially for Scotch batch bread, 
bortns are still used. Although both com 
Pound and virgin barms are sometimes employed, 
the more usual is the Parisian harm. It 
contains the following ingredients : 

Water to make 5 quarts strained liquor at 
125°F. 

17 lb. flour. 

9 quarts water at 212°F. 

2 quarts old barm. 
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No hops or salt are used in producing this 
barm nowadays. The malt and water at 165°F. 
are mashed for at least 34 hours in the same way 
as for compound harm but without the hops. 
The liquor, when pressed out, is made up to the 
initial quantity with water at a temperature 
sufficient to secure 125°F. in the total liquor. 
The flour is now stirred in by hand and imme- 
diately afterwards boiling water is stirred in to 
gelatinise the flour starch. The “ scald ” is now 
allowed to cool spontaneously to 76°F. for, say, 
16 to 18 hours, when the “ store ” or old barm 
is stirred in. The barm, when “ stored,” is left 
to ferment for three days (72 hours), but it may 
bo used on the fourth day and even on the fifth 
day after storing. The period of 72 hours is 
said to result in the sweetest bread and it is 
common practice to make Parisian barm twice a 
week. The barm, if kept cool, will not deterior- 
ate quicldy with age. 

The comparative strengths of yeast and barms 
are as follows : 

1 lb. of distillers’ yeast is equal to about : 

6 quarts of compound barm, or 
9 quarts of virgin barm, or 
7£ quarts of Parisian barm-. 

It is, of course, possible to make straight 
doughs with barm in place of distillers’ yeast, 
although a rather longer time is necessary. 

When the sponge and dough system is em- 
ployed only a proportion of the flour and water 
together with all the yeast are first used and when 
the fermented sponge is ready it is broken down 
with the remainder of the water and doughed up 
with the remainder of the flour. The main 
quantity of salt is added at the doughing stage. 
This method is said to give particularly good 
flavoured bread and to enable it to be made 
with a minimum amount of yeast. With the 
ordinary half sponge, half the amount of water 
is UBed in making tho sponge and, after it has 
been allowed to ferment, the remainder of the 
water and flour, and all the salt are added. 

In Scotland the quarter sponge system is 
particularly popular. In this the quarter 
sponge, which is usually set at a low tempera- 
ture, such as 72°F,, and is made very stiff, fer- 
ments from 14 to 15 hours. The flour required 
for this purpose has to be very strong, such as 
Manitoba. At the end of this time it is broken 
down with more water and is then in the state of 
a thin sponge. After about CO to 70 minutes the 
final dough is made. Jfull details of this and 
other methods will be found in text-books on 
brcadmaldng, such as Jago’s “ Technology of 
Breadmaking,” London, 1911, Kent-Jones’ 
“ Practice and Science of Breadmaking,” and 
Bcnnion’s “ Breadmaking,” London, 1929. 

Leaven, that is to say sour dough, is not 
used much in England, but a large proportion 
of the bread in the Strasbourg district and other 
parts of the Continent is made in this way. 
F or tho making of rye bread, sour dough or leaven 
is almost invariably used. 

In Ireland the proportion of the normal yeast 
bread eaten is comparatively small, as most 
of tho flour (probably 60%) is made into 
bread without yeast fermentation. For this 
purpose a soft flour is used and a dough is made 


with a little sodium bicarbonate and sour butter 
milk. The acid of the milk liberates carbon 
dioxide, which gives the necessary aeration on 
cooking. Naturally, no fermentation time is 
required. A typical formula would be as 
follows : 

1J lb. flour. 

J oz. salt, 

i oz. sodium bicarbonate. 

Approximately! pint buttermilk or sour milk. 

In order to ensure that there is sufficient acid the 
flour often contains 1 to 2 lb. per sack of acid 
calcium phosphate. 

At one time aerated bread made by injecting 
carbon dioxide into the dough was popular, 
the process having been brought out by Doctor 
Daughlish in 1859. The bread, however, is 
inclined to be insipid and such tasteless bread 
is not appreciated by all people. 

A typical 4-hour straight dough process as 
used in England would be as follows : 

1 sack (280 lb.) Soar. 

2 lb. yeast. 

4 lb. salt. 

A malt addition would be used in certain 
circumstances and particularly if the flour 
happened to be low in diastatic activity. 
The dough would be made to a temperature not 
exceeding 80°F. and allowed to ferment for 
about 2J hours. It would then be thoroughly 
knocked back to get rid of stale gas and to drive 
the yeast into fresh feeding places. Tho 
dough would ferment for a further half-hour 
and would then be scaled off. After a short 
recovery period it would be moulded up and 
given its final proof, so as to be ready for the 
actual baking. In a 10-hour or overnight process 
only about 10 to 12 oz. of yeast per sack would 
be required (dough temperature approximately 
78°F.) and the knocking back, which is par- 
ticularly important in such a long system, would 
take place about an hour before the dough is 
scaled off. 

Bread is either made in comparatively small 
quantities by the small baker or is produced on 
mass production lines in automatic plant. 
Even the small baker to-day rarely mixes 
his dough by hand but employs a dough-mixing 
machine. The “ knocking-back ” of the dough 
is still, however, often done by hand, although 
the modern open pan dough-mixer enables this 
to be done by machinery. The small baker 
normally divides and scales off by hand and the 
dough is hand-moulded. With skilled workers 
excellent bread can thus be made. The secret 
of successful breadmakipg lies in making cool 
doughs and using plenty of yeast. Also 
thorough and proper “ knocking-back ” of tho 
dough is desirable. 

In an automatic bakery not only is the dough- 
making and the “ knocking-back ” automatic, 
but the dough is divided and scaled off by 
dividers and even the preliminary and final 
mouldings done by moulding machines. The 
baking is carried out in large automatic ovens 
which are either of the travelling sole or of the 
swinging tray type. Finally, the bread is cooled 
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m automatic plvnts anti, when cooled, is 
wrapped 

The smaller bakeries u«e either peel ovens or 
draw-plate ovens In the peel oven each loaf is 
put in more or less separately by hand on a flat 
wooden shovel called a peel In the drawplate 
oven the sole itself draws out. It can, therefore, 
be loaded rapidly and pushed back into the oven. 

Various methods of heating ovens are 
employed, many of the Bmali peel ovens are 
internally fired, that is to say, the fire is built 
up inside the or en and is removed before baking. 
The oven becomes sufficiently hot, being built of 
heavy brickwork, to retain the heat for the 
baking process Other types, and particularly 
drawplates, are heated by steam tubes. The 
tubes are hermetically sealed and contain water. 
One end enters or forms part of the furnace and 
the other end of the tube enters the baking 
chamber Naturally a tremendous pressure is 
erclied m these tubes, which have to be very 
carefully made If ill used, however, a burst is 
not unknown The steam tubes can be so 
arranged as to give uniform heating and the 
sj stem has been employed for travelling ovens 
These can be fired either by coke, gas, or oil. 
Electrically heated ovens are occasionally 
employed, especially with small types 

Bread Fault « — Although certain flours are 
capable of easilygiving better breads than others, 
yet much of the criticism of bread is due to 
faults in bakery technique Bread for England 
should have an even texture and a bright crumb 
The crust must not be either too hard or too 
soft and normally a fairly largo loaf volume is 
wanted As explained in the section on tbe 
Principles of Panary Fermentation, the dough 
must be npe when baked Much faulty bread is 
produced by baking the dough in an incorrect 
state of npeness, either under ripe or over r»pe 
An over npe dough is generally “ short ” and 
“ snappy,” particularly when being moulded 
The crust of the loaf is ragged and tbe colour 
likely to be pale The crumb is inclined to be 
greyish and dnll and the loaf volume small 
The crumb will tend to be very crumbly and the 
loaf stales quickly. Under npe dough tends to 
be flowy and produces a loaf with too red a crust, 
v ith a close, heavy and rather dull texture and 
of small volume. 

A frequent cause of complaints in bread is 
holes, and these are mainly caused through poor 
and incorrect moulding. Holes may also be 
brought about by other causes, such as the 
irregular dispersion of tbe yeast in the water, 
the use of too much dusting flour or cones, and, 
particularly, bad oven practice Cottage loaves 
are bound to have holes if incorrectly “ bashed ” 
When holes are g mag trouble attention should 
be directed to ; 

(1) The moulding 

(2) The fermentation. 

(3) Proof and oxen procedure. 

(4) Nature of the flour, particularly with 
respect to seeing if its di astatic capacity is on the 
low side. 

Another frequent cause of trouble is the 
presence of dough-like streaks. These may come 
with any flour, particularly if, when it is divided, 
it is allowed to become chilled; undoubtedly 


those flours which tend to have high diavtatir 
capacity are most likely to give tumble 

Bread Flaiour and Aufrifue talue— Con- 
siderable attention has been paid in recent y care 
to the flavour of bread, as it is claimed by 
some people that modern bread is lacking m 
flavour. Nothing ensures satisfactory flavour 
in bread so wcLl as the use of cool doughs, 
plenty of yeast and salt, and a correct degree 
of fermentation. The tendency often is to 
restrict the quantity of yeast and, in an 
endeavour to get the doughs ripe m too short 
a time, to increase the temperature. This 
generally results in poor bread. Undoubtedly 
the type of loaf is not without influence on 
flavour. The most flavoury bread is generally 
that having a good crust, and the modern 
demand for tin and sandwich loaves must 
necessarily react in reducing the bready flavour, 
which is often appreciated and nowadays 
missed. Visser’t Hooft and de Leeuw (Cereal 
Chem. 1935, 12, 213) have suggested that 
bread flavour is due to the presence of acetyl 
methyl oarbinol u hich oxidises to diacetyl, but 
Maiden (J SCI. 1936, 55, 143) was unable to 
confirm this. 

It is naturally important to make a bread as 
attractive as possible m view of the fact that it is 
probably one of the cheapest and most nutritious 
of all foods. In general, more calories can be 
bought for a penny as bread than as any other 
common food, while the value of the vegetable 
proteins in the bread is not to be despised. 
White bread is, of course, generally deficient 
m vitamin B, and for this reason brown bread 
is sometimes advocated In view of the fact, 
however, that bread is commonly eaten with 
other articles of the diet, it does not seem 
logical to attempt to make bread a complete 
food, and the substitution of brown bread for 
white is not always helpful. Germ breads 
are certainly richer in vitamin B than ordinary 
wholemeal breads, which contains so mu(;h of 
the indigestible husk of the wheat grain. Tbe 
slight aperient action of wholemeal, however, 
is helpful with certain people of sedentary 
habits 

Hope. — Reference should be made to the 
occasional piesence of this disease in bread 
Fortunately, this is not dangerous to health, 
but ropy bread is extremely unpleasant. If 
bread is kept m a warm, damp place for two or 
three days it may develop rope. It acquires Bret 
of all a slightly fruity smell, which rapidlv 
becomes more pronounced and unpleasant, while 
the crumb becomes soft and sticky. The 
trouble is usually brought about by the 
bacterium B. mesenfencui t ulgatu «. 

The usual precaution is to cleanse the bake- 
house by thorough washing, lime-washing the 
walls, etc., and scrubbing the tables and 
troughs with vinegar. B. mesenlericua rulgatu* 
cannot thrive if the p E is as acid as, or more 
acid than, 5 0. When there is danger of rope, 
therefore, about 2 lb. per sack of acid phosphate 
or a pint of vinegar per sack is often incorporated 
in making the flour into dough and care should 
be taken to see that fermentation is vigorous 
Above all, the bread should be cooled as rapidlv 
as possible and kept rook Hope natnrallv 
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appears in large loaves rather than small 
loaves as the former cool so much more slowly. 
The pioneer work in England in investigating 
rope was done by Watkins (J.S.C.I. 1906, 
25, 350), and a method for the determination 
of the number of rope spores in flour, and 
factors affecting the growth of B. mesentericus 
vulgalns in bread are given by Amos and Kent- 
Jones (Analyst, 1931, 56, 572). 

Flour Treatment . — Reference should also be 
made to the fact that in England, Germany and 
America, but not in Erance and certain other 
countries, the treatment of flour with minute 
traces of chemicals is often carried out, the 
object being to improve either the colour or the 
baking value of the flour. 

Only those substances which are completely 
harmless in the quantities needed are employed, 
but the use of certain chemicals and treatments 
enables the European miller to use larger quan- 
tities in his blend of the weaker and Savoury 
European wheats and still to obtain sufficient 
strength in his flour. The practice was investi- 
gated by the Departmental Committee of the 
Ministry of Health (Report of the Departmental 
Committee on the treatment of flour with 
chemical substances, H.M. Stationery Office) 
and their report was published in 1927. Although 
not generally in favour of the practice, they 
realised that there was little or no evidence to 
show that these additions were harmful, but 
they suggested that the use of chlorine, nitrogen 
trichloride and benzoyl peroxide should not be 
allowed. They had little objection to phosphates 
and persulphates, but recommended that if, as 
had been suggested, flours could, be improved by 
physical processes, such as heating, this would 
be the best method of dealing with the problem. 
This report has not been acted upon and at the 
present moment, for example, a large proportion 
of flour is being treated with nitrogen trichloride. 

Commercial plants for the improvement of 
flour by heating are also in operation in a large 
number of mills, and various patents have been 
taken out (B.P. 263897, 338603, 300291, 300537). 
There have been a number of scientific investiga- 
tions into the effect of heat upon flour, some of 
which have been reported upon in “ Modern 
Cereal Chemistry.” Of recent years Herd 
(Cereal Chem. 1931, 8, 1, 145) and Geddes 
(Canad. J. Res. 1929, 1, 528 ; 1930, 2, 65, 195) 
have made valuable contributions to this 
subject. 

In general, certain substances are used for the 
bleaching of flours and others for the improving, 
that is to say, for increasing the baking qualities ; 
some substances also have the dual action. One 
of the most popular, although one of the oldest, 
flour bleachers is' nitrogen peroxide, which is 
usually produced by passing air through a 
flaming electric discharge. The treatment of 
flour with nitrogen peroxide was patented as 
early as 1901 by John and Sydney Andrews, 
although the gas was then produced chemically. 
In 1903 the Alsop patent was granted, the active 
principle of which was again nitrogen peroxide 
but made more conveniently by passing air 
through a flaming discharge of electricity. The 
proportion of air so affected is, however, small. 
This means that the residual nitrite in the flour is 
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practically negligible, usually about two to three 
parts per million. 

Flour contains two to three parts per million of 
carotene and this is responsible for the yellow 
tint in flour. By oxidation (and also chlorina- 
tion) the yellow tint of the carotene is removed, 
but it should be noted that ordinary bleaching 
agents cannot remove the dullness of low-grade 
flour which is due to the presence of minute 
specks of bran powder. Bleaching involves only 
the removal of the yellow tint and does not 
really alter the appearance of a low-grade flour 
and make it resemble that of a high-grade one. 

A more recent bleaching agent is benzoyl 
peroxide [(C 6 H,C0) 2 0 2 ]. This is a powder 
and the bleaching action does not normally 
become effective until it has been mixed into 
the flour for at least 24 hours. The quantity 
used is extremely small, probably in the 
region of 1 part of pure benzoyl peroxide to 
50,000 parts of flour. 

Chlorine and nitrogen trichloride are also 
popularly used, the latter more especially. 
The normal treatment for the latter is in the 
region of 2-3 g. per 280 lb., which is approxi- 
mately 1 part to 40,000 or 50,000. This not 
only bleaches the’) flour by taking away the 
yellow tint of the carotene, but it also has a 
marked improving action on the baking qualities. 
The flour tends to become stronger, to have more 
pleasing and elastic dough-like qualities, and to 
produce bolder and better textured bread. 

With respect to those substances solely 
used as improvers, the best known are perhaps 
acid calcium phosphate, which has to be used at 
the rate approaching 1 lb. per sack of 280 lb. of 
flour, ammonium persulphate, and potassium 
bromate. These last two substances have largely 
displaced acid calcium phosphate, which was 
used earlier. Ammonium persulphate used 
at the rate of 1 part in 20,000 gives a marked 
improvement to the dough and to the resulting 
bread, and the same is true of the use of 
potassium bromate, which can be employed at 
the rate of 1 part in 50,000. There has never 
been any serious evidence that the use of 
these minute traces of chemicals which improve 
bread is in any way deleterious to health, 
although it has to be borne in mind that they are 
definitely prohibited in certain countries and are 
not looked upon favourably by all authorities. 

Staling . — The phenomenon of the staling of 
bread is well known and in recent years there 
have been numerous investigations into factors 
influencing and controlling it. The principal 
work in this field has been done by Katz (Z. 
Electrochem. 1913, 19, 633 ; Z. physiol. Chem. 
1915, 95, 104, 136, 147), who has made many 
contributions over a number of years. It is now, 
of course, thoroughly established that staling is 
not related to loss of moisture, as it will occur 
even when bread is placed in a damp atmosphere. 
Ostwald (Kolloid-Z. 1919, 25, 26) regards 
staling as a simple case of syneresis — the 
phenomenon under which, in course of time, 
all gels separate into two phases, one solid and 
one liquid. This suggestion does not find favour 
with Katz, who associates staling with starch 
retrogradation. Most investigators are of the 
opinion that the change seems to concern 
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the starch gel more than the protein gel and that 
the amount of water soluble poly saccharides is 
smaller with stale bread than w ith fresh. Useful 
guidance on this question generally has been 
obtained by a study of the X-ray diagrams of 
starches. 

A general survey of this subject was made by 
Katz m R P Walton’s booh “ A Comprehensn e 
Sun ey of Starch Chemistry," 1928, Chemical 
Catalogue Co 

This matter has also been investigated by 
Washington Platt (Cereal Chem 1930, 7, 1) 
and he is doubtful whether staling can be 
entirely attributed either to ay neresis or to 
retrogradation of the starch. Amongst other 
tests, Platt suggests that measurement of staling 
can best be determined by the rate of change of 
the compressibility of the crumb and proposes an 
apparatus to do this Karxcsonyi (Cereal Chem 
1929. 6, 241) prefers to measure stalenes® by 
the i iscosity of crumb suspensions Stale bread 
is not as viscous under his conditions as fresh 
bread Katz, for a general test, prefers the 
reading of the volume of the crumb when in 
water The crumb is shaken up m water which 
contains some toluene to prevent fermentation 
and the sediment allowed to settle for \anous 
periods The volume of the sediment is 
considerably larger for fresh bread than for stale 

No \en striking practical proposals have been 
made with the idea of presenting staling The 
suggestions to keep the bread either very cold or 
very warm are not practical, and the only 
substances, such as aldehydes, which seem to 
delay the onslaught of staling cannot be used 
becau«e of taste On the other hand, the 
technique of breadmaking certainly influences 
the rate of staling Incorrect water adsorption 
and incorrect fermentation tend to produce 
breads which stale unduly rapidly The dough 
must not be made too warm or too tight and 
certainly should not be oier proved Oils and 
fats tend to delay staling and the same may be 
said of some malt additions Certain speciality 
breads certainly keep fre«h longer than normal 
bread Possibly the full hy dration of the gluten 
has something to do with the matter, as there is a 
growing feeling that staleness is, partly at any 
rate, Associated mtk an interchange of wafer 1 
from the starch to the gluten of the biead 

Analytical Methods — For analytical methods 
concerning flour, bread and cereal products 
generally, reference should be made to Kent 
Jones’ “ Modem Cereal Chemistry,” and to 
“ Cereal Laboratory Methods ” published by the 
American Association of Cereal Chemists (1935 
edition) 

Moisture . — The control of moisture in milling 
practice and knowledge of the moisture contents 
of flour-mill products generally, bread, etc, are 
naturally important. Numerous methods for 
this determination exist, but in general the 
loss of weight shown by the substances when 
dried in o\ ens at about 100°-H0°C. is em 
ployed. Much depends on the type of oven, 
the temperature, and the actual technique em- 
ploy ed. A moisture content of 15% in one type 
of oven might be git en as IG|% in another type. 
It is, therefore, necessary to remember that 
moisture contents are only relative. 


It is often important to be able to obtain 
moisture contents of such materials as wheat 
and milling products quickly. Blish and Hites 
(Cereal Chem. 1930, 7, 99) have described a 
method in which the moisture content of 
flour can be determined fairly accurately in 
5 minutes by the use of calcium carbide A 
1 g sample of flour is mixed with calcium carbide 
in a dosed system connected with a mercury 
manometer, and the pressure exerted by the 
acetylene gas produced is proportional to the 
quantity' of moisture present. Although some 
of the flour moisture is non-reacting, this 
appears to be reasonably constant, and hence 
the apparatus can be standardised. 

The Carter Simon o\ en is in fairly general use 
m a large number of mills, and by utilising a 
temperature of 155%'. in a specially designed 
chamber, the moisture content can be deter 
mined with only 15 minutes’ heating 
Actually the samples are usually' tested in tn 
pheate, each sample gradually being pushed 
through the oven as new samples enter. It is, 
therefore, possible to make an accurate deter- 
mination in about half an hour This method 
has been favourably reported upon by Coleman 
and Dixon (Cereal Chem. 1926, 3. 419) 

There are also a number of electrical moisture 
testers available. The Burton Pitt apparatus 
(Canad J Res. 1929, 1, 155) and the German 
DK apparatus are wired with radio circuits 
and make use of an alternating current of high 
frequency. The strength of the current is 
altered when damp materials are inserted into 
the condenser on account of differences m the 
dielectric constants and these are related to the 
moisture content of the material. Water 
has a dielectric constant of approximately 80, 
while that of the solid constituents of wheats and 
flours is approximately 10. Other electrical 
apparatus, such as the Tag-Heppenstall, operate 
on the principle of conductivity. By' means of 
such apparatus moistures can be determined in t 
few seconds, but the results must be correlated 
with existing methods and a number of diffi- 
culties arise It is generally possible to obtain 
the natural moistures of wheats fairly easily, 
but when surface moisture enters, as in the 
case of conditioned wheats, the relationship w 
not so simple These methods have been 
investigated and reported upon by Coleman 
(Cereal Chem. 1931, 8, 315) Another system of 
quick moisture determination is that used by 
Brabender and it is claimed that this ha* 
advantages inasmuch as it will give a correct 
result whether the moisture is surface moisture 
or moisture more closely associated with the 
material in question This method depends on 
the fact that the introduction of a moist material 
in a circuit of high frequency has a definite 
“ damping ” effect which can be measured and 
which is directly related to the moisture content 
of the material It is claimed that the result » 
independent of moisture distribution, tempera 
ture, bushel weight, and fluctuations in the 
current. 

Ash . — The determination of ash is a matter of 
some importance. For example, the ash of th p 
true endosperm of w heat is probably somethin? 
under 0 30%, while the ash of pure husk M 
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probably in the region of 8-0%. The ash of a 
milled product, therefore, unless there is any 
extraneous mineral matter present, will indicate 
roughly the proportion of endosperm to husk. 
Normally the cereal substance is burnt in a 
controlled muffle furnace at a temperature of 
approximately 600°C. until all that remains is 
light, fluffy mineral matter. This is then 
accurately and quickly weighed, as the material 
is hygroscopic and tends to take up moisture 
rapidly, and the percentage of mineral matter 
thus determined. Normally such ash determina- 
tions can 'be completed in about 2 hours. A 
number of suggestions have been made for 
shortening this time. Spalding (Cereal Chem. 
1930, 7, 93) has suggested the use of magnesium 
acetate in the presence of oxygen ; Klopfstein 
(ibid. 189) has suggested a method of direct 
weighing. Walters (ibid. 83) has suggested the 
use of lanthanum nitrate in 40% alcohol, while 
Bowen (ibid. 1932, 9, 158) has suggested the use 
of 1 in 19 nitric acid. Whatever method is used 
it is not possible to get reliable results much 
under an hour, although it has been proposed 
by Guillemet and Schell (Z. ges. Getr.-Muhlenw. 
1932, 19, 158) to use a temperature of 1,000°C. 
and to obtain an ash, under strictly controlled 
conditions, in 7 minutes. The use of glycerol- 
alcohol to assist ashing is also popular. 

The ashing of bread requires special considera- 
tion in view of the possible loss of chloride in 
the operation. Probably the best results are 
obtained by ashing at 500°C. in the presence of a 
definite amount of sodium carbonate whose 
weight is known from a controlled determination. 

Protein. — The protein determination has 
largely replaced the crude method of washing 
out the gluten and weighing it both wet and 
dry. Generally speaking, the protein deter- 
mination is made by the Kjeldahl-Gunning 
method for nitrogen, a factor of 5-7 being em- 
ployed for flour. For certain other cereal 
products, such as feeding stuffs, the usually 
accepted figure for multiplying the nitrogen 
content to obtain the protein percentage is 6-25. 
The digestion of the cereal with sulphuric acid 
and potassium sulphate prior to the distillation 
can usually be completed in a little over an 
hour. It is usual to take 1 g. of the material, 
8 g. of nitrogen-free potassium sulphate, together 
with 20 c.c. of pure concentrated sulphuric 
acid and a crystal or two of copper sulphate. 
As tho whole process may take 3 to 4 hours, 
numerous suggestions have been made with 
the idea of reducing the time. Harrel and 
Lanning (Cereal Chem. 1929, 6, 72) have investi- 
gated the relation of the quantity of sodium 
Bulphate to the time of digestion, while Watkins 
(ibid. 1930, 7, 168) gives data and information 
on procedures which are helpful in saving time 
in doing large numbers of protein determina- 
tions. Davis (ibid. 518) has investigated 
the influence of the catalysts, copper and 
mercury, and of extra heat ; also the effect 
of increasing the sulphate concentration. 
Lauro (Ind. Eng. Chem. 1931, 3, 401) has 
suggested the use of selenium oxychloride to 
speed Up the digestion time. By this latter 
method the time of digestion can be reduced 
from the normal 1J hours to 20 minutes. 


Hydrogen-ion Concentration. — The importance 
of the determination of hydrogen-ion concentra- 
tion in cereal substances has diminished of 
recent years, but normally the quinhydrone or 
glass electrode is employed. Colorimetric deter- 
minations can also be conveniently made and 
these will be found described in Kent- Jones 
and Herd, “Modem Cereal Chemistry,” 1927. 

Fats. — Fats are normally determined by 
extraction with ethyl ether or light petroleum, 
and difficulties in this estimation have been 
dealt with by Herd (Cereal Chem. 1927, 4, 370), 
who advocates a preliminary drying for one hour 
before direct ether extraction. Herd and Amos 
(ibid. 1930, 7, 251) conclude that direct ether 
extraction in the case of cooked cereal products, 
such as bread, does not remove all the fat, and 
recourse must be made to the acid hydrolysis 
method. Direct ether extraction gives essen- 
tially a measure of the free fats, but the grid 
hydrolysis method gives the total fat content, t.e. 
free fat plus the fat liberated from combination. 

Diastase. — It is of great importance to millers 
and bakers to know to what extent a flour will 
tend to produce maltose when it is digested with 
water, as the quantity of maltose so produced 
seems to run approximately parallel to that 
produced when flour is fermenting as a dough 
and is, therefore, directly related to one of its 
principal characteristics in fermentation. Tho 
Lintner method has not proved satisfactory, as 
this is based on the attack on a soluble starch 
of the diastase extracted from the flour. What 
is wanted is a method in which the diastase 
acts on the raw starch. Fortunately, the 
method proposed by Rumsey (Amer. Inst. Bak. 
1922, Bull. 8) has proved to be useful. In this 
the flour is incubated with a definite amount of 
water for one hour at 27°C. At the end of this 
period further diastatic activity is inhibited with 
sulphuric acid and sodium tungstate and the 
maltose present in the clear filtrate determined. 
Since its proposal this method has been investi- 
gated by a number of workers. Kent-Jones, 
“ Modem Cereal Chemistry,” 1927, p. 350, has 
suggested a modification suitable for routine 
analysis, utilising the methylene blue volumetric 
method of Lane and Eynon, while Malloch 
(Cereal Chem. 1929, 6, 175) has indicated certain 
modifications which are worthy of attention. 
Ritter (Z. ges. Getr. wesen, 1928, 15, 13) used 
Bertrand’s method of sugar estimation (cuprous 
oxide from reduced Fehling’s solution dissolved 
in acidified ferric sulphate and the ferrous salt so 
formed titrated with permanganate) to deter- 
mine the maltose content after the usual hour’s 
incubation at 27°C. More recently Blish and 
Sandstedt in a series of papers in Cereal 
Chemistry (1932 to 1934) have advocated more 
precision in this test. The flour is incubated at 
30°C. with a definite buffer solution for one hour 
and the inhibition with sulphuric acid and 
sodium, tungstate carried out as before. • The 
determination of the maltose, however, is made 
by a modification of the Hagedom-Jensen 
method for the estimation of sugar in blood. 

Proteoclaslic Enzymes. — The difficulties attend- 
ing the estimation of the activity of the proteo- 
clastic enzymes in flour are serious, but the 
matter has been carefully investigated by 
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Cairns and Bailey (Cereal Chem. 1928, 5, 79), 
who suggest that the Sorensen formol titration 
method is the most suitable The varying pro- 
teoclastic powers of such materials as malts on 
doughs can probably best be determined in a 
comparative way hy the use of their relative 
slackening action as registered m modern dough- 
testing machines 

Flour Colour —-Normally this is determined 
purely comparatively by use of the Pekar test. 
In this test a slab of "flour is dipped in water nnd 
a slight darkening of the colour, related to the 
amount of branny specks present, occurs on 
drying. The test is open to & number of di9- j 
turbing lactors as has been pointed out by i 
Alcock and Ediger (Cereal Chem 1929, 6, 410). 
A more recent test is to add to the wet Pekar 
test as soon as it is made a 1% solution of 
pyrocatechol in methylated spirit. On standing 
for about 15 to 20 minutes, this solution picks 
out each individual bran speck present. A 
method for the determination of flour colour 
in which two independent estimations are made, 
one depending on tho yellowness due to the 
carotene and the other on the dullness imparted 
to the flour by bran particles, etc., present, has 
been advocated by Kent Jones and Herd 
(Analyst, 1927, 52, 443) in an effort to overcome 
certain difficulties such as the influence of the 
granularity of the flour, etc , and to obtain 
thereby a permanent numerical record. Flour 
colour has been extensively investigated by 
Ferrari and Bailey (Cereal Chem. 1929, 6, 218, 
347, 457) The comparison of crumb colours of 
loaves by visual estimation is rendered difficult 
by variation in texture. The method of Kent- 
Jones and Herd can, however, be successfully 
employed with bread. 

Bacteriology — Recent years have seen an 
investigation into the bacteriology of wheaten 
flour, particularly with respect to the bread 
disease known as “ rope,” and the original 
investigations of Watkins (J S C I. 1906, 25, 
350) have been extended. For a 6tudy of the 
general bacteriology of wheaten flour, attention 
is directed to the paper of Kent Jones and Amos 
(Analyst, 1930, 55, 248) and in the case of 
rope to that of Amos and Kent Jones {ibid 1931, 
58, 572). These investigators hare pointed 
out the widespread nature of Bacillus mesen- 
lertcus and have given a method for its deter 
mination. They have also indicated the 
fermentation and baking conditions under which 
it may best be suppressed. A useful apparatus 
for testing for “ ropmess ” m bread has been 
designed by Bunzell and Forbes (Cereal Chem 
1930, 7, 465) and Bunzell and Kenyon have 
recently extended the work in a further paper 
(iftid. 1932, 9, 161). Their method depends on 
the splitting up of hydrogen peroxide by the 
enzyme catalase present in the bacteria. 

Moulds grow easily on bread and trouble from 
thi3 source is occasionally encountered. Most 
mould spores are, of course, killed at oven 
temperature, so that generally the contamination 
comes after baking. The principal moulds 

Penicillium glaucum (greenish-blue). 

J lucor mucedo (white). 

Aspergillus ttiger (black). 


A paper on the “ Non-survival of Red Mould of 
the Mom iia Sitophila Group at Baking Tempera- 
ture ” was given by Morison (Cereal Chem. 1933 
10, 462). 

Gluten . — When wheaten flour is made into a 
dough and then washed cautiously underneath a 
stream of running water, it is possible to 
wash away the starch and leave behind an 
elastic brownish residue which consists pnn 
cipally of protein. This is known as gluten 
Wheat is the only cereal which acts in this way 
and it is due to the presence of gluten that wheat 
flour forms its characteristic dough. In con 
sequence of its importance, this peculiar sub 
stance has been investigated by a large number 
of scientists Various flours have quite different 
baking properties and so an intensive study into 
the nature of their glutens has been carried ont, 
first from a purely chemical point of view and 
later and more successfully from a colloidal 
aspect. It should, however, be remembered 
that gluten is merely something which is left 
behind after a particular operation, namely, 
washing, and it is not a pure substance. 
Although it consists principally of protein, 
it also contains some starch, fibre, sugar, etc, 
which have not been removed in the washing 
operation. Furthermore, it docs not contain all 
the proteins of the flour, some of which are 
soluble and pass away with the starch in tbe 
washing water. The main ingredients, however, 
of gluten are the two well known proteins— 
gliadm and glutenm. At one time the propor- 
tion of gliadm to glutenm was thought to be of 
importance in determining the nature of 
the gluten and hence of the baking quality of the 
Sour, but the early methods for the determina- 
tion of these two proteins were open to criticism. 
Both these proteins have been extensively 
studied in recent years. Bhsh (Cereal Chem. 
1930, 7, 421) concludes after a careful survey of 
the literature, particularly recent American 
work, that trustworthy and dependable methods 
for the identification and quantitative separation 
of tho individual flour proteins, other than 
gliadm, arB not available. Glutenin is so apt 
to be changed in the extraction methods 
employed that the results are valueless 
Generally speaking, the American investigators 
are of the opinion that the ratio of glutenm to 
gliadin varies only slightly between different 
sorts of wheat. Many European chemists, how- 
ever, are still of the original opinion of Fleurent., 
who thought that in a gluten associated with 
good baking quality there was a definite ratio 
between the glutenin and gliadm. Berliner 
(Z ges. Getr -Muhlenw . 1927, 64) is of the 
opinion that the determining factors in gluten 
quality are, first, the proportion of ghadin to 
glutenin, and, secondly, the dispersion degree of 
glutenin. Undoubtedly the colloidal nature of 
the ghadin glutenin complex has a profound 
effect on the “ strength ” of the flour. 

The function of the two principal proteins, 
glutenin and ghadin, in the chemistry of bread- 
making has already been , discussed (p 75). 
Gluten i3 a colloidal material and its properties 
undoubtedly depend upon the electnc charges it 
holds which, in turn, depend upon the elec- 
trolytes present. These points of view are 
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clearly put forward by Bungenberg de Jong 
(J.S.C.I. 1933, 52, 291T). 

At one time cereal chemists paid a great deal 
of attention to the relative proportions of wet 
and dry gluten obtained from flour, but this 
determination has to a large extent been super- 
seded. A useful survey of the early work on 
gluten and of methods for its quantitative 
estimation in various flours is to be found in 
Jago’s “ Technology of Breadmaking,” 191 1 . The 
modern dough testing machines are essentially 
machines for determining the physical pro- 
perties of the glutens in various doughs. They 
have proved more useful than the earlier 
methods based on the examination of the 
nature of the extracted gluten as the behaviour 
of the gluten depended largely on the method of 
extraction employed. 

Gliadin . — Gliadin is one of the principal 
protein ingredients of flour. It is extracted 
from gluten by treatment with 70% alcohol 
and is a soft, sticky material. It is generally 
stated that, while glutenin gives solidity to the 
gluten, it is the gliadin that does the binding ; 
the gliadin sticks to the glutenin and so prevents 
it being washed away in the process of extraction 
of the gluten by washing. Osborne and Voor- 
hees (Amer. Chem. J. 1893, 15. 392) have given 
the elementary analysis of gliadin as : 


Carbon 

% 

. 52-72 

Hydrogen . 

. 6-86 

Nitrogen 

. 17-66 

Sulphur 

. 1-14 

Oxygen . . 

. 21-62 


A material which is apparently identical with 
wheat gliadin can bo extracted from rye with 
70% alcohol, although rye is not capable of 
forming a gluten. Osborne and Clapp (Amer. J. 
Physiol. 1906, 17, 231) give the products of the 
hydrolysis of gliadin as follows : 


Glycine 

. absent. 

Alanine 

. 2-00 

Valine . 

. 0-21 

Leucine 

. 5-01 

Proline 

. 7-06 

Phenylalanine . 

. 2-35 

Aspartic acid . 

. 0-58 

Glutamic acid . 

. 37-33 

Serine . 

. 0-13 

Tyrosine 

. 1-20 

Cystine . 

. 0-45 

Lysine . 

. absent. 

Histidine 

. 0-61 

Arginine 

. 3-16 

Ammonia . 

. 5-11 

Tryptophan 

. present. 

Total 

. 65-80 


It will bo observed that there is no glycine or 
lysine but that the proportion of glutamic acid 
is very high. 

Glutenin . — The other protein in flour which, 
together with gliadin, forms the major portion 


of gluten, is known as glutenin. It is insoluble 
in water and alcohol but can he extracted from 
dough with dilute alkali. According to Osborne 
and Voorhees glutenin has the composition : 


Carbon . . . 52-34 

Hydrogen . . . 6-83 

Nitrogen . . . 17-49 

Sulphur . . . 1-08 

Oxygen . . . 22-26 

According to Osborne and Clapp (Amer. J. 
Physiol. 19D6, 17, 231) the products of hydrolysis 
are : 


Glycine 

. 0-89 

Alanine 

. 4-65 

Valine 

. 0-24 

Leucine 

. 5-95 

Proline 

. 4-23' 

Phenylalanine . 

. 1-97 

Aspartic acid . 

. 0-91 

Glutamic acid . 

. 23-42 

Serine . 

. 0-74 

Tyrosine 

. 4-25 

Cystine . 

. 0-02 

Histidine . 

. 1-76 

Arginine 

. 4-72 

Lysine . 

. 1-92 

Ammonia . 

. 4-01 

Tryptophan 

. present. 

Total 

. 59-68 


Glutenin is known as a glutelin. Woodman 
(J. Agr. Sci. 1922, 12, 231) suggested that 
the glutenin from strong flour was chemically 
different from the glutenin from weak flour, 
although by ordinary methods of analysis they 
were indistinguishable. To investigate the 
matter he employed a racemisation method and 
concluded that strong wheat synthesised one 
type of glutenin and weak w-heat a different 
type. Bhsh and Pinckney (Cereal Chem. 1924. 
1, 309) re-investigated this point and concluded 
that it is highly improbable that variation in 
the respective flour strengths of wheats is due 
to difference in the configurations of their 
glutenin molecules, and this view is generally 
accepted at the present time. D. W. K.-J . 

BREAD FRUIT. The fruit of Artocarpus 
incisa. The trees grow freely in certain tropical 
islands and yield an abundance of nearly 
spherical fruit weighing up to 5 or 6 lb. The 
central portion consists largely of starch of 
which a considerable amount is converted into 
sugar. A larger variety, A. integrifolia, yields 
fruit weighing up to 25 lb. which contains seeds 
said to resemble chestnuts in composition and 
flavour. 

The fruits are usually collected green and 
cooked, or the pulp is removed and dried to 
yield a flour having the composition : 

Water. Protein. Fat. Starch. Fibre. Ash. 

14-3 1-0 0-2 83-S 0-2 0-4 

Pairault (Bull. Assoc. Chim. Suer. 1900-1901. 
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No. 1, 77} gives the composition of whole fruit 
from the Antilles aa t 

Water. Protein. F»t. N free ext. Fibre. Ash. 

40 2 2 34 0 4 45*1 4-2 1-8 

The edible portions of two Hawaiian varieties 
are shown by Thompson (Hawaii Agnc. Exp. 
Bta. Kept. 1014, 62) to contain . total solids 
41-8, 26-9. protein 168, 1-58, fat 0 19, 0 52, 
N-free ext. 37-9, 22 7, acids 0-07, 0 11, reducing 
iugars 1*75, 4 93, sucrose 7*7, 9 7, fibre 1*2, 1 0, 
ash 09.M. A. G. Po 

BREEZES. (Braise, Ft.) The dust of coke 
or charcoal The coke burner applies this term 
to the smatl residual coke obtained in coke 
burning The sifted ashes removed from houses 
is called “ bree2e,” and 6old under that name to 
bnckmakers and others. An arrangement for 
burning breeze is described in J S.C I 1881, 5, 
425. 

BREITHAUPTITE v. Antimony. 

BREMEN BLUE and LIME BLUE are 
essentially copper hydroxide, Cu(OH) t , asso- 
ciated with copper carbonate and calcium car- 
bonate respectively, formerly used as pigments 

BREWING. The raw materials employed 
in brewing are water, malt and hops. Un- 
germinated or raw grain, prepared grain and 
sugar are often used as adjuncts supplying a 
portion of the extract, the malt supplying the 
major portion. 

Water. — Water as used for brewing must be 
free from metallic contamination or substances 
which may interfere with the quality of the beer 
as regards taste and appearance Whilst it must 
bo free from organic pollution, the process of 
brewing includes adequate Btcnlisation so that 
the standard of purity actually necessary in the 
water is not so high as in the case of water for 
public suppbes. 

If the water supply is soft it must be artificially 
hardened. Normally brewers use well waters 
which are naturally hard. The types used are 
illustrated by the following table, which includes 
some well-known waters used for brewing pale 
and dark beers. It Will be seen that soft water 
is used for Pilscner beer. 



Part* per 100.000 


Burton. 

Dublin 

Pllsen 

Munich 

Ca - 

15-30 

10 

1-3 

11-27 

Mg’ 

3-9 

05 

1-2 

3-12 

Na'+K' 

4 

1 

05 


SO' 4 

60-100 

1-5 

1-4 

0-12 

cr 

4 

2 

0 5 


CO', 

20 

14 

— 


NO', 

2-10 





In general terms it may be stated that the 
desirable constituent is either calcium sulphate 
or chloride, present in quantity equivalent to 
10-30 parts per 100,000. Much smaller quan- 
tities of magnesium, sodium and potassium may 
be present. Carbonates tn excess of 1-2 parts 
of CO', per 100,000 are undesirable. Ofnitrates, 
the less present the better, as they have been 
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found to weaken the yeast, and thereby in- 
directly affect the beer. Iron is undesirable « 
it may have an adverse influence on colour and 
flavour. The choice between sulphates and 
chlorides is largely one of type of beer, the Burton 
type requiring the former, fuller drinking types 
the latter. The total chloride content including 
sodium chloride and expressed as such may be as 
high as 60 parts per 100,000 when iniid ale ia 
to be brewed. The actions of calcium salts may 
be represented, not accurately but in their 
general effects, by the following equations 
(W. Wmdmch, Woch. Brau. 1913, SO, 514), 

3CaS0 4 +4K,HP0 4 

= Ca 3 (POJ l +3K 1 SO < +2KH 1 PO i 
3CaC0.+4KH,P0 4 

^Ca,(P0 4 ),+ 2K,HP0 4 +3H,0+3C0, 

Malt, on mashing with water, liberates inorganic 
phosphates and, the reaction being about p n 6 5, 
these will comprise both K H,P0 4 and K,H PO,. 
Thus calcium sulphate or chloride will have the 
effect of acidifying the mash, which is desirable 
within reasonable limits, whereas all carbonates 
I will have the reverse effect. Magnesium salts 
react m a similar manner, but less effectively. 
Owing to the solubility of secondary magnesium 
phosphate, MgHP0 4 , the reaction does not 
go to completion Although Southby re- 
commended a proportion of calcium to 
magnesium of 3. 1, And many authorities stilt 
hold by this, there is an increasing tendency to 
reduce the proportion of magnesium used in 
hardening brewing water for mashing purposes. 
There ia apparently enough magnesium normally 
present in malt to supply the requirements of 
yeast nutrition. On the other hand, it is 
considered to contribute undesirably to the 
flavour and clarification of the beer. The 
beneficial effect of the aaJts in the water, to which 
must be added those of the malt and hops, 
include not only yeast requirements but also any 
assistance they may give in influencing the pro- 
perties of the wort proteins. Globulins, present 
in malt, are more readily soluble in the presence 
of salts, and coagulable proteins which are 
removed by boiling are assisted in their coagula- 
tion which must be as complete as possible. In 
this latter respect, calcium and sulphate ions, 
being divalent, presumably function more 
effectively than sodium and chlorine ions. 

The main influence of the water salts, however, 
is on the reaction of the wort, which is most 
important. Bicarbonate* in the mashing liquor 
have the effect of making the reaction more 
alkaline, as much as 0 3-0 4 unit of p H , whereas 
other salts of calcium, and, to a much less degree, 
magnesium, have the opposite effect. These 
effects persist m diminishing degree throughout 
the process of brewing and are reflected la 
the reaction of the final product. The desirable 
values of p n at the respective stages of brewing 
will be dealt with later. 

Where the natural water available to the 
brewer does not conform to requirements, it is 
usual to adjust it by suitable mean*. Of 
objectionable constituents, nitrates cannot be 
removed, only dilution with nitrate-free water 
is possible. Iron is usually derived from the 
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Green Sands adjoining chalk formations and, 
occurring as ferrous bicarbonate, is deposited 
along with calcium carbonate on boiling. 
Calcium carbonate may be removed by boiling, 
by lime treatment, or by neutralisation with 
sulphuric or hydrochloric acid according as 
sulphates or chlorides are desired for effect on 
flavour. Lactic acid has also been used, and this 
treatment corresponds, at least in some part, to 
what is sometimes practised in lager brewing and 
yeast manufacture, viz., the inoculation of the 
mash, or of a part of it, with lactic acid-forming 
bacteria. The latter process, however, also 
promotes a certain amount of peptonisation of 
the malt proteins, and so goes further than 
merely changing the of the mash. If an 
adequate quantity of other salts of calcium is 
already present in the natural water, the 
carbonate should preferably be removed by a 
process other than neutralisation. Of these 
treatment with slaked lime is sometimes pre- 
ferred, the process being usually carried out in 
two stages. The first involves the addition of 
the necessary quantity of slaked lime, but the 
mixture arrives at an equilibrium with excess of 
both calcium hydroxide and bicarbonate 
present in solution. It is best to heat the 
liquor by steam coils to the temperature 
required for mashing during the progress of this 
reaction. Excess of lime is then neutralised 
by an appropriate quantity of acid sodium or 
potassium sulphate ( J. H. Collett, J. Inst. Brew. 
1931, 37, 274). This process has the advantage 
of removing also iron and carbonates other than 
calcium. The removal of the latter can also be 
effected by neutralisation with acids, the 
quantity added being calculated after previous 
determination of the total alkalinity of the water. 
An arrangement for controlling the rate of 
addition of acid has been suggested by D. 
McCandlish and G. Hagues (J. Inst. Brew. 1929, 
35, 61). After, or concurrently with, the removal 
of objectionable constituents from the water, 
any addition of desirable ones is made, usually 
gypsum or a syrup of calcium chloride or both, 
together possibly "with magnesium salts or 
sodium chloride. In general the stronger the 
beer the larger the quantity of salts desirable. 

Whilst the foregoing remarks apply to the 
brewing of most types of beer, it is not uncommon 
for soft water to bo used in the brewing of stout, 
and in some cases, of lager beer. It is hard to 
find theoretical justification for the practice, 
even although empirical grounds (flavour) may 
exist. 

Malting. — Malt is made from barley, occasion- 
ally from wheat or oats. Types of barley, both 
British and foreign, used in making malt for 
brewing purposes arc dealt with in the article on 
barley. The grain is steeped in water, allowed 
to germinate until a certain degree of growth, 
accompanied by softening and “ modification ” 
of the corns, has been attained. The process is 
stopped by drying, and the malt cured by heat 
until the desired depth of colour and biscuity 
flavour have been attained. 

Germination, morphologically, leads to a 
growth of the embryo up the dorsal side of the 
com beneath the outer protective layers, 
accompanied by the development of a number of 


rootlets. The whole corn softens and the con- 
tents become crumbly. Respiration is pro- 
ceeding and loss of solid matter is involved. 
Histologically the cell walls of the endosperm as 
viewed microscopically progressively disappear ; 
first, those in the neighbourhood of the 
embryo and aleurone cells, later those of the 
interior. They are made to re-appear by suit- 
able staining, e.g. with Congo red (J. Griiss, 
Woch. Brau. 1896, 13 , 729 ; A. R. Ling, 
Brewers’ J. 1904, 40, 741). Rome of the 
starch granules in the vicinity of the embryo 
exhibit signs of erosion. In Eig. 1 the advancing 
disintegration of the contents of the grain is 
indicated by shading. A is at 3, B at 6, and C 
at 10 da3’s. D is a transverse section of B 
at ab (Brown and Morris, J.C.S. 1890, 77 , 470). 





Biochemically considerable changes are taking 
place. An enzyme, usually termed cytase, is 
responsible for the degradation of certain hemi- 
celluloses, which are partly structural and 
partly function as food reserve. These include 
hexosans which break down ultimately to 
hexoses, and pentosans which similarly yield 
pentoses. Of pentosans there are 8-12% in 
the corn, and, whereas only 3% of this quantity 
is soluble in the barley, from 11-12% of the 
total malt pentosans are soluble (H. Fink, 
Woch. Brau. 1935, 52, 265; J. L. Baker and 
H. F. E. Hulton, .T.C.R. 1917, ill, 121 ; H. 
Luers, Woch. Brau. 1935, 52, 249). Lichenin 
also is degraded by cytase (or h'chenase), which 
apparently is a composite enzyme, the ultimate 
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products being cellobiose and glucose. Tbe 
formation of cytase, which is present in small 
quantity after steeping, continues until the gram 
is ready to go on the kiln (H. Luers and L. 
Malsch, Woch Brau 1920, 46, 163). The effect 
of the cytase activity during germination is to 
render the cell walls of the endosperm more 
permeable to enzymes and their hydrolytic 
products From the maltster's point of view it is 
to render the malt tender and friable 
A moat important biochemical feature of 
germination is the change in the diastase. The 
active amylase of resting barley is a p amylase 
in the sense of Kuhn that is to say, it produces 
maltose in the /5-form, w hich mutarotates to the 
stable equilibrium of a- and /? forms Under 
normal conditions, maltose equivalent to two 
thirds of the starch is formed, the remainder of 
the conversion products being Baker's o-amylo- 
dextnti There is a further store of amylase in 
resting barley which can be extracted if such a 
protease as papain is added to the extracting 
medium (J S Ford and J M Guthrie, J Inst 
Brew 1908, 14, 61) This also appears to be 
amylase of the p type, but according to E. 
Waldschmidt Leitz, M Reichel and A. Purr 
(Naturwiss 1932, 20, 254) an inactive form of 
a amylase is also present in barley, and this 
becomes active in the presence of the activator, 
termed by these authors amylokinase, which is 
present in malt. Other authors, H Luers and 
W. Rummler (Woch. Brau 1935, 62, 9), have 
failed to confirm the existence of amylokinase m 
germinated barley Malt contains both a- 
and p amylases in the active form, but the 
P enzyme is in excess (E. Ohlsaon, Z physiol 
Chem, 1930, 189, 17) The a or dextnnising 
amylase of malt can be conveniently measured 
by its action on a-amylodextnn. L Flefcher 
and J. Westwood (J Inst, Brew 1931, 37, 
470) have worked out a method based on this 
principle The same authors (iftid 1930, 36, 
SCO) have also descnbed a method for the 
determination of the liquefying power of malt 
amylase based on viscosity measurements 
It is not yet clear whether or not the two actions 
are due to the same enzyme. The characteristic 
feature of a-amylase, apart from the muta- 
rotation behaviour of its fission products, is the 
comparatively early stage in the starch degrada- 
tion promoted by it, at which the hydrolytic 
products cease to give an iodine leaction. 
Methods of determination based on this principle 
made concurrently with measurements of 
liquefying and saccharifying activities have led 
to the conclusion that liquefaction and dextnm 
sation of starch are not both dependent solely on 
the quantity of a amylase present (H. Luers 
and W. Rummler, lc.). These activities first 
manifest themselves, in anything more than 
traces, on the second or third day of germination, 
whereupon they increase rapidly until about the 
fifth or sixth day, and then remain Almost 
unchanged until kilning reduces them by more 
than half. Throughout the period of increasing 
values a greater quantity is extracted by water 
containing papain than by water alone, and this 
is true also of the saccharifying enzyme (H. 
Luers, Woch. Brau. 1935, 52, 249). During 
malting, whilst much change occurs m the 


quantity and character of the diastase present 
comparatively little diastatic transformation 
takes place. Of the dry matter originally 
present, about 12% is transformed, about 4 % 
passing on by anabolic processes into rootlet 
and embryo tissue and 8% remaining as sugais 
in the malt, most of the latter occurring as cane 
sugar, the rest as reducing sugars other than, 
maltose, which is absent. A further quantity, 
about 7%, is consumed in respiration. The 
maltose produced by diastatic enzyme is hydro- 
lysed to glucose by a maltase which is formed 
mainly or wholly during germination. The 
properties of this maltase, apart from its power 
of splitting maltose, do not appear to be 
identical with the better known maltase of 
yeasts. How the glucose, so formed, is trans- 
formed into cane sugar is unknown. 

The proteolytic enzymes of malt appear only 
during germination. They include ( 1 ) a protein- 
ase, which attacks proteins and peptones, 
degrading them to simple peptides, and (2) at 
least two dipeptidases. The proteinase acts 
optimally at reactions approximating to that 
of the isolectnc point of the substrate protein, 
or as near to it as solubility permits. This is 
probably, in the case of barley proteins, at tha 
reaction of the germinating barley, which 
changes from about p B 5-2 to p a 6-0 as germination 
proceeds. The dipeptidases split alanjlglycme 
and leucylglycine at the optimal p H 7 8 and 86 
respectively. The peptidase activity increases 
steadily throughout germination, but is largely 
or wholly destroyed on the kiln, according to the 
cunng conditions (K. Linderstrom-Lang and 
M. Sato, Compt. rend. Trav. Lab. Carlsberg, 
1929, No. 17; M. Sato, xbid. 1931, No. 1; 
H. Luers and L. Malsch, Woch. Brau. 1929, 48, 
265, 275 ; R. H. Hopkins and J. A. Burns, J. 
Inst. Brew. 1930, 36, 9 ; R. H. Hopkins and 
H. E. Kelly, Biochem. J. 1931, 25, 256 ; H 
Luers, Woch. Brau. 1935, 52, 249). The 
soluble nitrogen content of the com increases to 
about twice its original value during the early 
days of germination ; thereafter, although the 
proteinase is still functioning, resynthesis 
in embryo and rootlets roughly balances 
degradation. A considerable transport of 
nitrogen from endosperm to embryo takes place. 
Whereas about 86% of the original barley 
nitrogen was present in the endosperm, only 50% 
of the malt nitrogen is there, about 40% of 
the former having been degraded sufficiently to 
have passed across into the embryo. Probably 
more than 40% has been attacked in less 
degree. 10-25% of the total barley nitrogen and 
25-30% of the malt nitrogen are soluble m cold 
water. The content of “ formol " nitrogen also 
undergoes a marked increase during malting. 

The nitrogen content of barley varies between 
1*2 and 2-4% of the dry weight, although such 
barleys Q3 contain about 2% would rarely be 
used for making brewers’ matt. The character 
and quantitative relationships of the proteins are 
dealt with in the article on barley. During 
malting the hordein and glutehn are degraded 
by the proteinase which is secreted or activated 
from a zymogen, to jield chiefly non protein 
nitrogen (proteoses and peptones). The decrease 
in quantity of glutelin, e p. from 0 245 to 0 160 g 
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as nitrogen per 1,000 corns, is not so marked 
as that of hordein, e.g. from 0-206 to 0-075 g. 
(same barley), and ceases sooner. Indeed, there 
appears to be a resynthesis of glutelin in the 
embryo as indicated by an increase in this 
fraction after about the tenth to twelfth day of 
germination (L. R. Bishop, J. Inst. Brew. 1929, 
35, 323). 

The activity of phosphatases, very slight in 
ungerminated barley, increases throughout 
germination but falls to about half its maximum 
value during kilning. The effect of this enzyme 
or group of enzymes is to liberate inorganic 
phosphates from various organic compounds 
containing phosphorus, proteins, carbohydrates, 
phytin, etc., about 15-30% of the phosphorus 
being so liberated. 

Other enzymes functioning include catalase, 
which increases and falls much as the phos- 
phatase activity, and lipase, which appears to be 
activated from a protein-lipase complex pre- 
formed in the barley. Sulphur, set free from 
sulphur- containing proteins, ultimately forms 
inorganic sulphates. 

The buffer substances derived from malt 
exercise so important a function in brewing that 
note must be made of their formation in malting. 
The cold water soluble buffer substances of barley 
are reduced to about half by steeping, but this 
reduced quantity is increased to two or three 
times as much during the third to sixth day, 
after which very little change occurs either 
during subsequent germination or kilning. 
Concurrently with increase in buffers, the p B 
of the aqueous barley extracts rises from about 
5-2 to 6-0, falling a little during curing to about 
5-8 (R. H. Hopkins and H. E. Kelly, J. Inst. 
Brew. 1929, 35, 408). 

The selection of barley is usually based on 
inspection of such characters as uniformity of 
shape and size, colour, odour, dryness, apparent 
thinness of skin, whiteness of endosperm (a 
number of corns being cut through in a cutter). 
Analytical valuation, which nowadays can be 
performed in one or two hours, includes deter- 
mination of percentage moisture, total nitrogen 
and thousand com weight, the latter two results 
being always expressed on the moisture -free 
basis. To some extent these factors have been 
taken into account in the subjective (hand) 
valuation. Another important laboratory deter- 
mination is the percentage of corns that will 
germinate. In Germany systems are in use 
whereby a certain number of marks are awarded 
out of a maximum available for each of the above 
features, the highest maxima being awarded 
for uniformity in size, thousand corn weight, and 
nitrogen content. As regards the last feature, 
from 1-45 to 1-68% nitrogen secures full marks. 
Valuation by hand examination by experts in 
Great Britain has in recent years placed barleys 
into grades, the mean nitrogen contents of which 
have been found to rise with fall in grade, the 
highest grade often yielding as low a nitrogen 
percentage as 1-2-1-3. Quantitatively, the 
value of the barley in terms of potential extract 
can be calculated, if the variety is known, by 
means of the following formula, deduced by L. R. 
Bishop from observations and records of 
barleys and malts made from them, the figures 


being treated statistically. The formula applied 
to Plumage-Archer barley is as follows -. 

E= 108-3- 10-5N+ 0-20G, 

where E=extract of the moisture-free malt in 
lb. per quarter, N=nitrogen content on dry 
barley as percentage,' and G=the weight of 1,000 
dry corns in g. (L. R. Bishop and F. E. Day, 
J. Inst. Brew. 1933, 39, 545). For barleys 
other than Plumage-Archer and Spratt-Archer 
the constant 108-3 may have to be altered to 
108-110 for two-rowed and 102-103 for most 
six-rowed barleys. In certain maltings, the 
malting loss may be above or below that of the 
standard malting on which the formula was 
worked out, so that the constant 108-3 can be 
appropriately adjusted. This possibility must be 
kept in mind (L. R. Bishop, J. Inst. Brew. 1930, 
36, 421). 

Alternatively, if the percentage of germinating 
corns is known, the potential extract can be 
calculated in terms of the barley, by means of the 
formula : 

R=[132-15N+0-2G(+l-0-3X)]x'^, 


where R= extract on the raw barley, 

N=% nitrogen 
G= weight in g. of 
1,000 corns 
X==% dead corns, 
and DM=% dry matter. 

The value, 132, applies to English barley 
generally, 126 would apply to Californian, 128 to 
Indian barley, etc. (L. R. Bishop, J. Inst. Brew. 
1936, 42, 105). 

Unless barley has been harvested under the 
best climatic conditions, its germination is 
markedly improved by kiln drying, either on an 
ordinary kiln or in a drying drum at a tempera- 
ture between 38°-50°C. (100°-120°F.). The 
wetter the barley, or the feebler its germinative 
vitality, the lower the drying temperature should 
be. Drying should be followed by about two 
months’ storage. Storage- within these limits 
improves a barley, whereas "a barley containing 
16% or more of water would deteriorate on 
storage. Before malting the barley is screened. 

Steeping takes place in either rectangular 
cisterns made of blue brick or cement, or better, 
in conical ones made of iron. In either case a 
false bottom permits the withdrawal of water. 
Steeping occupies from 48-70 hours according 
to the type and condition of the grain, the 
temperature being 10°-13°C. (50°-55°F.). The 
higher temperature shortens the time required 
for steeping and accelerates germination, the 
lower temperature delays matters, but, except 
for this, is not harmful. Excessive steeping 
impairs vitality, deficient steeping may accelerate 
the start of germination, but sprinkling must 
be resorted to subsequently. Good English and 
Californian barleys require less, hard and dry 
barleys, e.g. Chilean and Australian, more 
steeping time. It is important that the steeped 
barley be removed at the proper stage of steep 
ripeness. Previous washing of the grain, fre- 
quent changes of steep water, and intermittent 
aeration are usually carried out. Some maltsters 


} of moisture-free 
barley, 
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include a little lime water m the first lot of steep- 
ing liquor, but the advantage is doubtful A 
little matter, about 1%, is extracted from the 
corns, almost entirely from the husk. One layer 
within the husk is semi permeable, so that salts 
present in the steep water do not penetrate the 
grain, except in the case of damaged corns 
(A. J Brown, Proc Roy Soc. 1909 (B), 81, 82) 
The steeped barley is dropped from the cistern 
on to a growing floor constructed as uniformly 
flat as possible with tiles or cement. To give 
germination a start the gram is at first often 
heaped up in a deeper layer than it will sub- 
sequently form, known as a couch Respiration 
generates heat, which escapes as rapidly as 
generated only if the germmating gram is spread 
out in a layer a few mches deep To raise the 
temperature it is heaped up, to lower it it is 
thinned out The couch is broken down after a 
few hours, the temperature being now about 
13° (55°F ), between which temperature and 
15 5° (60°F ) (or higher abroad) the gram 
is usually confined during the whole of germma 
tion Turning by suitable tools, to keep the 
moisture and temperature uniform and to 
enable carbon dioxide to escape freely, is 
performed at intervals Temperature may be 
raised, if necessary, by sprinkling with water, 
after some has evaporated, thereby increasing 
respiration, but this means loss of carbohydrate 
matter and loss of extract Too much aeration 
encourages excessive respiration, whereas too 
little weakens germination (H. Schjerning, 
Compt rend Trav. Lab. Carlsberg, 1910, 8, 
169 ; H T. Brown, J. Inst. Bren. 1907, 13, 
394 , 1909, 15, 170). 

The grain as it leaves the steep usually eon- 
tains about 42-45% water ; this is sometimes 
much reduced before it goes on to the kiln. 
If no sprinkling has been practised, the green 
malt will need little special attention, but if 
still rather wet, it must be “ withered ” or j 
dried m air currents till the moisture content is 
down to 40% or thereabouts, or even less. 

In this mechanical age it is surprising that 
machinery is not more often employed. How 
ever, much m malting and brewing is in the 
nature of an art rather than a science. Pneu- 
matic malting in rotating drums, in which every 
thing is under control, is practised by some 
maltsters Saturated or dry air as required, 
filtered from dust, thus eliminating mould, and 
at any temperature desired, is made to pass 
through the barley from the outer to the central 
channel of the drum. Excessive respiration 
Josses are encountered m this method, but it has 
certain adv antages. On the Continent germina- 
tion is sometimes performed in deep layers of 
three to four feet, on perforated floors with air 
sucked through, ^ and turning is effected by 
powerful mechanical turners (Saladm system) 
Continental maltsters often leave the malt less 
completely modified than is usual in this 
country, less loss by respiration is involved, any 
loss of extract which would normally result 
from under-modification is avoided by the 
scientifically planned decoction-system of mash- 
ing employed. The withered malt is now dried 
on a kiln Kilns may have one, two or three 
drying floors made of perforated tiles, iron plates. 


or wire mesh, and situated one above the other 
and surmounted by a conical or pyramid -shaped 
roof with a cowl or, better, a fan to assist 
draught. Single-floor kilns are usual m Great 
Britain ; three-floor are rarely found here, but 
sometimes on the Continent. The latter are more 
economical in fuel consumption but more 
difficult to manage. Beneath the lowest floor is a 
suitably shaped iron disperser to distribute the 
heat from the fire as uniformly as possible over 
the kiln floor surface. This may be assisted by 
pipes conveying hot gases passing under the 
floor, or portions of it. The fire draught is auto 
matically regulated, so that if the temperatureon 
the floor nses too high the draught is cut down. 
The actual flue gases pass through the drying 
malt, so that care must be exercised in selecting 
fuel (coal or coke) which is free from arsenic 
On the Continent the malt is heated by air which 
is passed upwards through a screen of pipes 
inside which the flue gases are passing. The 
temperature of the green malt is slowly raised to 
about 65° (150°F.) by the end of two or three 
days with considerable draught passing through 
It must not be held too long at such a tempera 
ture as 33°— 10° (90°-I04°F.), otherwise enzyme 
action may continue. At this stage (after three 
days) it should be “ hand dry ’’ and contain 
about 6% of moisture. If a two-floor kiln is 
used it is dropped from the upper to the lover 
floor for curing. The temperature is now 
raised, with less and less draught, to the final 
curing temperature desired and maintained 
there for six to eight hours, pale malts are 
cured at 88°-91 0 (190°-195°F.), mild ale malts a 
little higher, and dark malts at 96°-102° (205°- 
215°F.). The moisture content is now Jess than 
2%, the malt has a biscuity flavour, the enzymes 
are destroyed or reduced in activity, and the 
rootlets are withered, reddish-brown m colour, 
and. largely detached from the corns With the 
minimum Of exposure to the air, for malt is very 
hygroscopic and must not be allowed to get 
slack even to 4% of moisture, the malt is cen 
veyed to the storage bins, which must he kept 
airtight. Sometimes it is screened, to free it 
from withered rootlets or culms, before it » 
stored, sometimes afterwards, just before 
brewing. 

In the " Winkler ” system of kilning, occasion- 
ally practised, the green malt is loaded at a great 
depth, three feet or more, and hot flue gases are 
blown through by means of a powerful blower 
Drying is effected very rapidly, the malt 
being rushed past the danger zone in which 
high temperature and moisture coincide so 
quickly that little harm is done. Further, 
the very rapid evaporation set up reduces the 
actual temperature of the malt itself much below 
that of the gases passing through. 

The extract yielded by malt, expressed as 
pounds per quarter (of 336 lb.) (see analysis), 
>hould be about 100 for a good home barley, and 
94 for a good six-row Mediterranean type (e ? 
Californian), these figures assuming the moistnrs 
to be not more than 2%. Lower figures suggest 
poor quality barley (small corns, high nitrogen 
content) or under modification. The latter n 
sometimes indicated by a large increase of 
extract, determined analytically, when the 
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is ground very finely as compared with standard 
grinding. Continental brewers express extract 
in dry solids as a percentage of the malt 
(“ Plato ” scale), the results being very nearly 
0-80 of the corresponding British result. The 
diastatic power, in degrees Lintner, should be 
very roughly 20, 30 or 40 ; the colour or tint, 
in Lovibond degrees, should be 10, 7, and 4 
respectively, corresponding to dark, mild ale 
and pale malts. The Lintner value should be 
considered only in conjunction with the colour. 
High nitrogen is normally accompanied by 
relatively high diastatic power. The per- 
centage of solids soluble in cold water should be 
about 18-21 for home malts, and one or two 
units lower for, e.g. Californian. The quantity 
of permanently soluble nitrogen in the 10% 
wort prepared for extract determination, 
expressed as a percentage of the total malt 
nitrogen, is a useful result, both as an index of 
(protein) modification and of yeast feeding 
properties of the malt. 

No wholly satisfactory criterion of the degree 
of modification of malt is yet available, although 
many have been suggested. This is because the 
various enzymes functioning during germina- 
tion may not do so at the same relative rates in 
different barleys and under different con- 
ditions of malting. The respective stages of 
protein degradation, of starch degradation, 
changes in the character and quality of water 
soluble diastase, formation of other enzymes, 
cell wall dissolution, production of soluble pento- 
sans, all these processes may vary in rate 
relatively to one another. Most of the changes 
have attained approximately their maximum by 
the fifth or sixth day of germination. After this, 
re-synthesis approximately balances degradation, 
so that most of the proposed methods of measur- 
ing modification give approximately constant 
results after the fifth or sixth day. Modification, 
as required in malt for infusion brewing purposes, 
is far from complete in six days. 

Coloured Malle . — For brown ales, stout, and 
porter a proportion of darker malts, about 10%, 
is used in the grist. Amber malt is made by 
keeping the green malt wet until a high kiln 
temperature is attained. The diastatic power of 
such is low, about 10-15 degrees Lintner, and 
the colour high. Crystal and roasted malts are 
usually obtained by heating to high tempera- 
tures in rotating drums in a manner analogous 
to the roasting of coffee beans. In the case of 
crystal malt, it should be sprinkled with sugar 
solution before roasting. 

Malt Adjuncts . — These include: (1) maize 
grits and other forms of raw grain, which have 
to be gelatinised in a converter heated by steam 
with the aid of a little malt grist before running 
into the mash tun, (2) flaked maize or rice which 
has virtually been treated in the above manner 
and dried and may be mixed with the grist 
before mashing, (3) invert sugar, glucose 
(occasionally raw cane sugar, refmed cane or 
beet sugar), which is usually added to the 
contents of the brewer’s copper. Sugars assist 
clarification of beer, and in general yield a 
sweeter product, which is what is in demand in 
certain areas. Both types of malt adjuncts, 
grain and sugars result in dilution of the 


nitrogenous matters present in the extract 
derived from malt, and this, if carried too far, 
and in low gravity beers particularly, may 
lead to insufficiency of nitrogenous yeast 
nutrients, and lack of fullness of flavour and 
other properties associated with proteins and 
peptones. 

Hops give flavour to beer and contribute 
antiseptic matters, which is one of the reasons 
why beer is so free from pathogenic organisms. 
The hop, Humulus, is a dioecious plant, and the 
part used by the brewer, the hop cone, is the 
inflorescence of the female (Fig. 2). 



Fra. 2. 

sb “stipularbract” 6 “bracteole” 

( From Per ci ml’s "Agricultural Botany,” 1900, p. 325, 
Duckitorlh <b Co.) 

Normally' the flowers in English and American 
hops become fertilised, and in such seeded hops 
a much greater yield per plant and per acre is 
thereby secured. In Central Europe fertilisation 
is prevented by exclusion of male plants from 
hop-growing areas, and a smaller cone is ob- 
tained, but of excellent quality in regard to 
aroma and preservative value. American hops in 
general have the highest preservative value of all, 
but many varieties possess an aroma resembling 
that of the black currant leaf, which causes most 
British brewers to use such hops either sparingly 
or not at all. 

The chemical composition of hops is as 
follows 

% of dry matter. 


Mineral matter .... 5-9 

Protein matters . . . 12-24 

Resins 11-20 

Tannins 2-6 

Essential oil 0-4-0-8 


together with cellulose, pentosans, pectins, 
colouring matter, and organic acids. The 
mineral portion includes potassium, calcium 
and lesser quantity of magnesium combined as 
phosphate, silicate and sulphate. Of the 
nitrogenous matter, the quantity which dissolves 
and is permanently soluble in practice approxi- 
mates to the small quantity of malt proteins 
coagulated by boiling. It appears to be mainly 
assimilable by the yeast. 

The tannins (H. Bilgram, Woch. Brau. 1931, 
48, 493), which include phlobaphen, function as 
very weak acids, more readily soluble the more 
alkaline the reaction of the boiling wort. They 
function to some extent by precipitating pro- 
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teins, but it is not clear how far this takes 
place during boiling anil how far tannin protein 
bodies cause objectionable hares and turbidities 
later in the process. The organic acids of 
the hops are to some extent extracted and, either 
by precipitation as calcium salts, or otherwise, 
function to increase the acidity of the wort 

The essential oil contains the aliphatic hydro 
carbon myrcenc, C I0 H 1S , bp. 166°— 16b a 
sesquiterpene A mnuienf, b ji 263°-266° and much 
smaller quantities of other bodies (A C. Chap- 
man, JCS 1803, 67, 783 , 1903, 83, 505 ; 
1 92s, 1303) So far as hops used m the copper 
are concerned the oil is largelj \ olatibsed in 
the steam and lost, but a little flavouring 
and aroma may be imparted by the hops added 
to the beer in cask 

The most important constituents of hops 
are the anti«eptic resins. Uumvlon, C tl H J0 O 5 , 
an unsaturated ir\ stallsne compound (WoUiner, 
Ber 1916, 49, 780 , Wieland, Ber 1925, 58, 
[B], 102, 2012), resimfies easily to produce 
the a resin. Lupulon, C, 5 H, 8 0 4 , yields similarly 
the fi resin On analysis of hops (see analysis) 
the lead salt fraction contains both humulon 
and a little a ream presumably derived from it, 
the whole constituting the a fraction, the anti 
septic power of which, under the standard 
conditions of measurement, is approximately’ 
three times that of the p fraction. The latter 
contains lupulon, resms demed from it and 
from humulon, and a certain amount of neutral 
material apparently originating from neither 
humulon nor lupulon All of the o and /?- 
fractions change m time into the useless y- 
fraction (T. K Walker, J Inst Brew 1925, 
31,576, F.L Pynnn.J Inst Brew 1927,33.295) 
Pros 1’ionally, the antiseptic potency of hops is 
expressed by the formula lO(a+0/3), where 
a and /} are the percentages of a and p fractions 
found by analysis. It must be remembered that 
the relative antiseptic powers of two sub 
stances such as these a and p resins will vary 
according to the conditions under which the 
test is made Thus, for example, whilst 
the a resin may be three times as potent as the 
P resin in wort &t p R 5 4, at p u 4 3 it is o\ er ten 
times as active The function of these resins in 
brewing is to check the growth of bacteria 
which may gam access during any stage of the 
process subsequent to the sterilisation of the 
wort by boiling Checking of the growth of 
the organisms in the early stages of their multi 
plication is valuable, Bince, with fall in the value 
of p„ of the wort during fermentation the free 
acidity or hydrogen ions assist the antiseptics 
In general bacteria grow much less rapidly at 
Pit 4 than at p n 5 or 6 Howev er, as regards the 
relati\ e antiseptic pow era of the a and P resms, 
the matter is still more difficult to follow, for 
it u as yet not known for certain to what extent 
theso resms respectively are extracted and 
destroyed during the boilrng process. Of the 
antiseptic potency possessed by the hops as used, 
under normal boihng conditions 50% is either 
destroyed or not brought into solution, and 
about 20-30% is lost during fermentation. 

Rapid deterioration occurs during kdn drying 
and storage of hops. Such loss of antiseptic 
potency, expressed as percentage of that of 


the original green hops, is of the order of C0° 
during kiln drying and 6-20% during a year in 
cold store (Walker, J. Inst. Brew. 1932, 3s 
204; W. Wmdisch, P. Kolbach and C. Vogl 
Wocb, Brau. 1931, 48, 6Q1). During storage 
the a-acid is 6lowly converted into matter 
which go to swell the p fraction. It is possible 
that micro-organisms such as ilucor aptnescem 
(Lindner), PemciHium expansum (Link), Asptr 
gillus ntger (Van Tieghem) are concerned in this 
loss of preservative power (A. H. Burgess 
J Inst. Brew. 1935, 41, 467). 

In practice hops are valued by both tie 
empirical hand valuation and by determination 
of the resins, the antiseptic or preservative value 
being expressed by the formula 10(a+/l/3) 
Hand valuation is based on aroma, signs of 
damage, particularly that due to moulds, 
quantity of “ condition ” or resin rubbed on to 
the palms of the hands, “ balling " when pressed, 
appearance and number of seeds, etc. Expert 
valuations have shown very fair agreement with 
laboratory determination of antiseptic power 
(J. S. Ford and A. Tait, J. Inst. Brew. 1932, 38, 
351 ; 1926, 32, 19). 

Hops are sometimes contaminated by arsenic 
derived from the fuel used in the kilns in which 
they are dried. To avoid this, hot air is often 
used, the actual combustion products not 
coming into contact with the hops. Hops «« 
usually exposed to sulphur dioxide when drying 
on the kiln. This improves their colour and 
otherwise appears to have no ill effect. Free 
sulphur is also found in hops; this is due to the 
application by spraying of sulphur to the hop 
plant for the prevention of mould, or may 
possibly occur when sulphuring hops on kiln by 
incomplete combustion anil volatilisation of 
some sulphur. Sulphur is transformed by yeast 
into sulphuretted hydrogen, which, if intro 
duced into the finished beer, may spoil the 
flavour It may be detected and estimated 
by the amount of stain produced by the evolved 
gases on lead paper. 

The development of the downy mildew in 
recent years has caused considerably anxiety to 
hop growers. Spraying with Bordeaux mixture 
at the appropriate stages in the growth of the 
plant has been recommended as a means of 
combatting the mildew, and much success baa 
resulted (E. S. Salmon and W. M. Ware, 

J. Inst Brew. 1932, 38, 37). 

Brewing Processes. — These processes begin 
with grinding the malt (see Fig. 3). If the 
latter were perfectly modified, mere crushing 
between two plain rollers would suffice, and in 
some breweries, good malts being available, this 
is done. However, even the best malt treated in 
this way will be imperfectly extracted, and I 
Btarch may be found in the residue of grams | 
remaining m the mash tun after extraction u 
completed. This is due to the fact, as bas i 
already been described, that dissolution of the j 
ceil wall proceeds from the proximal to the 
distal end of the grain ; and that as even the 
finest barleys do notgerminateabsolutelyevenly, 
to avoid excessive loss from overgrown corns, the 
process must be stopped in many corns before w 
completion, so that there must inevitably be * 
number of corns possessing “ steely ends. 
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If, in order to reduce these “ steely ends ” to a 
condition in which they will dissolve in the 
mash tun, they are finely ground, the filtration 
would be so slow as to make the process unwork- 
able. Mills have therefore been devised in 
which the roughly crushed malt is separated by 
sieves and air currents into various portions, and 
the grits and hard ends finely ground and re- 
mixed with the remainder of the crushed malt. 
Fig. 4 illustrates a modern malt mill. 

The grinding is usually preceded by treatment 
in cleaning machinery, in which the malt is 
brushed, beaten, exposed to a current of air, and 
sieved. Thus stones, surface dirt, straw, 
weevily (empty) corns and other foreign bodies 
are removed. Fractionation by varied air 
currents is also practised. If the malt contains 
over about 4-5% of moisture, an inadequate 
grind iB effected, and extract is lost. For this 
and other reasons such malt is redried before 
grinding. It is customary for British brewers 
to use more than one type of malt in any one 
brew, usually a two-rowed and a six-rowed type 
being blended. These may be ground separately 
with appropriate settings of the mill rollers, and 




Fig. 4. 


delivered to separate compartments of the 
grist case. Alternatively, they may be mixed, 
graded by sieving machinery, and the grades so 
treated. Small or narrow corns of the two-rowed 
variety are thus ground along with corns of 
similar size from the six-rowed type. 

The ground malt is collected in receivers (malt 
hoppers or grist cases) until the amount re- 
quired for the brew is complete. These receivers 
command the mash tun, the vessel in which the 
malt and water are mixed. 

Mash tuns (Fig. 5) are made of wood, wood 
lined with copper, wrought or cast iron, and 
consist of roughly cylindrical vessels fitted with 
false bottoms of perforated metal plates. 
Pipes are connected with the real base of the tun 
for drawing off the clear liquid (wort), the 
spent grains being held back by the false bottom. 
There is also a chute for expelling the spent 
grains, and an underlet should be provided for 
admitting hot water under a low hydrostatic 
pressure beneath the false bottom. The mixing 
gear (rakes) in the upper part of the tun is often 
not needed nowadays, since adequate mixing of 



grist and liquor is effected by an external 
mashing plant, situated above and to one side 
of the tun (Fig 6). Before running the grist 
and water simultaneously through the external 
masher, the false bottom of the tun is covered 
with water The grains, after mashing, are 



washed or sparged with hot liquor sprayed on 
to them from rotating horizontal pipes contain 
mg several small holes 

Infusion mashing, as practised in Great 
Britain, consists in mixing water or mash liquor 
at about 70” (158T) with grist at ordinary 
temperature to yield a mash at about Go 5° 



Fig. 6. 

(150° F.) and maintaining the latter at this 
temperature with little or no change for about 
two hours. Most of the extract (about 95%) 
passes into solution in the first half hour, 
but to obtain a satisfactory yield of extract, 
i.e. for reasons of economy, two hours’ extraction 
is needed. Sometimes the initial temperature is 
slightly lower than normal and it fa raised 


after about twenty minutes by means of the 
underlet. 

Much of the success of brewing depends on 
the composition of the wort produced and sent 
forward for fermentation. The factors which 
influence the composition of the wort, ««. 

the quantity and quality 
of the extract, are the 
following : 

(1) The nature of the 
grist, i.e. the proportion 
of malted to non-maltcd 
grain, and the diastatic 
activity of the mixture. 
The diastatic activity 
referred to here includes 
the dextrimsing as well 
as saccharifying form 
With increasing total 
nitrogen concentration 
in the malt there is an 
increasing concentration 

{/eiTiwi'nentty stAaVie 
nitrogen m the wort. 
Amino- and atnido- nitro- 
gen are scarcely affected 
(L R. Bishop, J. Inst. 
Brew. 1931, 37, 345). 
Maize contributes very 
little nitrogen in solublo 
form (R H. Hopkins 
and J. A. Burns, tbid. 
1930, 36, 16) 

(2) Temperature, par- 
ticularly at the time of completion of ad- 
mixture in the external masher: the highest 
temperature reached will control the dcitruc- 
tion of enzymes and therefore the .amounts to 
survive, the permanent temperature, the rates 
of action promoted by such enzyme activities 
as survive. Under normal 'conditions the 

highest quantity of 
extract is secured 
at 65°-71° (150’- 
lGO’F.), of maltose 
at G2°-G5’ (144°- 
I50°F.), and of 
permanently solublo 
nitrogen at 50’-55° 
(I22°-13I°F.) (H.T. 
Brown, J. Inst. 
Brew. 1909, 15,205; 
L. R. Bishop, tbid. 
1931,37,355; J.H. 
Oliver, ibid. 1929, 
35, 191 ; H. E 
Kelly, i&id. 1932, 
38, 440 ; W. Win- 
disch, P. Kolbach, 
and E. Scbild, 
Woch. Brau 1931, 
48, 253-298). 

(3) Duration of mash, mainly a quantitative 
factor- 

(4) Concentration of mash. This fa usually 
about 2-3 barrels per quarter, t e. 2 1—3*1 parts 
of liquor to 1 of malt. Increasing concentration 
of grist in the mash is accompanied by increasing 
percentages of maltose and of- nitrogen in the 
wort solids. More grist than 1 in 6 of water 



BREWING. 


leads to lower quantity of extract passing into 
solution (H. Sehjerning, Compt. rend. Trav. 
Lab. Carlsberg, 1913, 9, 237; J. H. Oliver, 
J. Inst. Brew. 1929, 35, 191). 

(5) p H of mash. The optimum value of p n 
for extract yield is about p B 5-2, measured in 
the wort, for permanently soluble nitrogen p B 
5-0-5-2, for maltose p H 5- 1-5-4. These values 
apply to mashing temperatures of about 65° 
(150°F.) (R. H. Hopkins, J. Inst. Brew. 1925, 
31, 399; G. Hagues, J. Inst. Brew. 1924, 30, 
905; W. Windisch, P. Kolbach, and L. v. 
Benedek, Woch. Brau. 1929, 46, 345 ; H. E. 
Kelly, J. Inst. Brew. 1932, 38, 440). 

(6) Temperature and duration of sparging. 
Sparging is usually continued until the 
“ runnings ” have fallen in specific gravity to 
about 1003-1005. The solids extracted^ from 
the spent grains in the later stages contain less 
maltose, more nitrogen, and more mineral 
matter than the original extract. Sparging, too 
prolonged or at too high a temperature, over 
80° (176°F.), extracts glutinous matter which 
may cause haze. High sparging temperatures 
may, however, be used in stout brewing. 

Under British mashing conditions about half 
as much more nitrogen is brought into solution 
than was previously soluble in cold water. Of 
the wort carbohydrates about 12-15% is cane 
sugar, glucose and fructose, 55-65% is maltose, 
the remainder, 20-30%, dextrins. The latter are 
only slowly, and in very small degree, fermentable. 

The temp, of the mash is controlled empiric- 
ally, but it should be remembered that a contri- 
bution of heat equivalent to 5 0 -6°(9°-ll 0 F.)is 
made by the “ slaking heat ” of malt containing 
2% of water. Slack malt yields less slaking heat. 

The decoction system, practised in “ lager ” 
brewing, involves in principle, initial mashing at 
a low temperature, e.g. 35°-40° (95°-104°F.) to 
extract enzymes and initiate protein conver- 
sion, followed hy a succession of stands at such 
temperatures as 50°, 60°, 75° (122°, 140°, 
167°F.) for the purpose of promoting respec- 
tively peptonisation of proteins, maltose forma- 
tion, and complete extraction of the grains. The 
temperature is raised each time by withdrawing 
about one-third of the mash and boiling it in a 
separate copper from which it is pumped back. 
There is thus adopted a systematic treatment 
designed to obtain in the wort all the sub- 
stances which are needed, peptones to contribute 
palatableness and head retention to the beer, 
maltose to produce alcohol, and full quantitative 
yield of extract. It is seen now why maltsters 
on the Continent do not need to secure such 
complete modification as is necessary for infusion 
brewing, and also one reason why 5-6% of 
moisture often present in their malts does not 
give rise to instability in the beer. 

From approximately 30 to 40% of the malt 
nitrogen is rendered permanently soluble in 
infusion mashing, Californian malts yielding 
the lower, and some varieties of home malts, 
particularly if the total nitrogen content is low, 
yielding the higher percentage. At 50° (122°F.), 
the temperature at which the decoction brewer 
stands his mash for “ protein rest,” rather more 
nitrogen is dissolved, and, more particularly, it is 
degraded to a less complex condition. 
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Instead of separation of the spent grains from 
the wort in the mash tun, it is sometimes effected 
by passing the whole mash through a filter press 
or mash filter. These, used mostly abroad, are 
the means of time saving and are economical in 
that a high extract is yielded especially because 
more finely ground malt can be used. Too fine a 
grinding for mash tun purposes would spoil the 
grains as a filtering medium. 

The spent grains or “ draff ” are disposed of as ■ 
cattle food. The composition of dried grains is 
such as the following : 

% 

Moisture 4-10 

Oil 7-9 

“Albuminoids” (NX 6-25) . 19-23 

Fibre 15-20 

Digestible carbohydrates . 41-45 
Ash . . ' 3-6 

The wort, “ sweet wort,” flows from the mash 
tun through “ draw off ” pipes to a collecting 
vessel called the under back. The pipes must be 
numerous enough and so distributed as to secure 
adequate washing of all the grains. From here 
it passes to the copper, where it is boiled. 

Coppers may be heated by fire or steam 
(jacketed or fitted with steam coil “ calorifiers ” 
or both), and may be open or closed. Sometimes 
boiling is carried out under pressure. Steam 
heating is economical, and nowadays a satis- 
factory agitation, which is important, can be 
effected in steam-heated coppers. Steam 
pressure and wort temperature can be controlled 
easily. Boiling is continued for two hours 
usually, sometimes more, and the later runnings 
of weaker wort from the mash tun are similarly 
boiled in a “ second ” or even “ third copper.” 
Mild ales receive about 1 lb. of hops per barrel 
(1 barrel=360 lb. water, about 350 lb. at 
boiling), bitter beers about two or three times as 
much, strong beers more than light ones, lager 
less than infusion beers. Boiling, in addition to 
concentrating the w-ort, which is often necessary, 
extracts bitter and preservative matters from 
the hops, coagulates certain wort proteins, 
destroys the enzymes, sterilises the wort and 
completes reactions between salts such as 
calcium sulphate and secondary potassium 
phosphate, the p B falling in numerical value as a 
rule. Conditions necessary to a good “ break,” 
or coagulation in large flocks leaving a bright 
wort, include p u 5-0-5-5, adequate agitation, 
and, perhaps, suitable handling of the hops 
(R. H. Hopkins, J. Inst. Brew. 1925, 31, 399; 
G. Hagues, ibid. 1927, 33, 262 ; H. Liiers, 
Z. ges. Brauw. 1920, 43, 51). Some brewers add 
only a small proportion of the hops as the copper 
is filling up — they help to prevent “ fobbing ” — 
and defer the addition of best hops until perhaps 
half an hour from the finish. Theoretical 
considerations support this, as the protein coagu- 
lation appears to be better in the absence of 
hop tannins, and the preservatives of the hops 
are destroyed (as preservatives) during boiling 
as rapidly as fresh ones are being extracted. 

After boiling, the contents of the coppers are 
emptied into the “ hop back,” a vessel furnished 
with a false bottom of perforated plates which 
serve to hold back the spent hops. The latter 
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act as a filtering medium and remove proteins 
and other matters precipitated during boding. 
The spent hops are either “ sparged ” in a 
manner similar to the practice in the mash tun, 
or they are pressed dry in a hydraulic press. 
In any case the sparging* or pressings follow the 
main bulk of the wort to the next stage of the pro- 
cess. Spent hops are often used as a fertiliser. 
Dried hops contain about 22% protein and 
35% of digestible carbohydrates (J. L. Baker afid 
II F E Holton, J. Inst. Brew. 1917, 23, 455). 

The hot wort as it leaves the hop back, should 
be perfectly bright. It has now to be cooled, a 
process which requires far more attention than 
might be expected. If it were allowed to cool in 
a deep vessel, without any movement, a haze 
would form which consists of particles too small 
to he removed, for example, by ordinary filtration 
or centrifuging in the laboratory (H. T. Brown, 
J Inst Brew. 1013, 19, 84). These particles 
appear to consist oj gluten and of protein- 
tannin compounds, contain about 10% of nitro- 
gen, and are soluble in dilute alkali but re- 
precipitatcd by acid. Particles of calcium 
oxalate also appear; these collect, to some 
extent, as a scale on the cooling vessel. All of 
these matters continue to deposit not only 
during cooling but throughout fermentation and 
storage of the beer Although the amount is 
minute, the liability of this matter to dog the 
j east by adsorption on to the cell surfaces, and 
to cause baio in the beer and difficulties in 
clarification of tho latter, render its removal of 
the greatest importance. The secret of success 
lies in the system of cooling adopted, particularly 
cooling through the range of temperature befow 
60®(I20’F.). 

The first stage of cooling is effected in large 
vessels, usually open to the air, sometimes 
closed. Formerly these were shallow, open 
vessels, but nowadays vessels of any depths 
may bo employed. A certain amount of deposit, 
*' cooler grounds ” or ’sludge, is left behind 
on the cooler when the wort is run off to the 
refrigerator. The latter consists of tubes over 
which tho wort flows and through which cold 
water flows as a countercurrent, and may be 
either of a vertical or horizontal type. Agita- 
tion, while cooling on vertical refrigerators 
between the temperatures 60° and 33° (120° 
and 90®F.), H found to help considerably in the 
flocculation of the minute particles into large 
ones. The flocculation effected is, however, not 
so much a consequence of agitation as a surface 
effect. Quite good flocculation can be secured 
with comparatively little agitation, while the 
wort is cooling through the critical temperature 
tone, provided that a relatively large surface of 
the wort is exposed, either to the air or to the 
containing vessel. The critical temperature is 
considered to be 33 6 -16® (00°-60°F ) by E. R. 
Montx (J. Inst. Brew. 1021, 27, 565 ; tee alto 
c. Ranken, ibid. 1022, 28, IM ; W. J. Watkins, 
ibid. 1027, 33, 67). Fadure to secure adequate 
flocculation is considered to result in the minute 
particles of tannin-protein and other matters 
being deposited on the surface of the yeast cells. 
This hinders the diffusion of crystalloids into 
and out of the cells and slows down fermentation 
with disastrous results 


Oxygen is dissoh ed in the wort when the latter 
is nearly cooled, about 5-7 c c. per litre may be 
dissolved. A certain quantity is almost certainly 
necessary for healthy y east growth. It is very 
doubtful whether “ hot aeration ” is of any 
significant value (C. Ranken, J. Inst. Brew. 
1925, 31, 73). Enclosed wort refrigeration under 
sterile conditions should not eliminate cold 
aeration entirely, but often restricts or eliminates 
hot aeration without any apparent ill effects. 
If open refrigerators are employed some device 
for filtering the air admitted to the room is often 
adopted to reduce or prevent infection by wild 
yeasts or bactena. Until the temperature falls 
below 65° (J30°F.) there can be little or no 
infection Coolers are sometimes dispensed 
with, and the wort runs directly from hop back 
to refrigerator and is thus rapidly cooled. This 
is effectual in reducing infection, but it has been 
found sometimes to lead to faulty clarification 
{r. supra). 

Infection of the wort during refrigeration must 
be primarily denved from the air (dust particles), 
but in practice it is found, in all but exceptional 
cases, that air infection is very small and un- 
important compared with vessel infection. If 
the coolers ore made of metal there should be 
little difficulty m keeping these sterilised, as 
the hot wort every tune it covers them should do 
this ; if they are wood it is found that, however 
well made, sterilisation is impossible. Owing to 
its porous nature organisms live in the pores 
just below the surface, and the non-conducting 
nature of the wood prevents any but the imme- 
diate surface layers rising to the sterilising 
temperature. The same is true of wooden 
fermenting vessels and casks. 

The refrigerators, with the necessary pipe 
connections, are metal, and it appears at first 
sight that there should be no difficulty in 
keeping these sterile, but owing to crevices at 
joints, etc., m practice the attainment of 
complete sterility is impossible. 

The flocculated hopjWd wort runs from the 
refrigerator into the fermenting vessels at about 
14 6 -lfi° ( 58°-m°F .). For lager beer it most 
be further cooled on the refrigerator, down to 
5°S° (4l°—i3°F.), brine pipes being' used. 
Fermenting vessels are made of certain suitable 
types of .wood, of wood lined with copper or 
aluminium or coated with carbon enamel pre- 
parations. Stainless a teel vessels are coming into 
use. Occasionally stone, slate or concrete is 
used, and glass lined vessels are favoured by 
some. It is important that they can be kept clean 
and sterile and appropriate means to this end 
have to be adopted with vessels of the respective 
materials mentioned. Temperature is controlled 
by cold water pipes, “ attemperators,” which 
in lager breweries must be brine chilled. 

While the vessels arc filling up, and the 
appropriate quantities of stronger and weaker 
worts from the various copper “ lengths ” and 
hop back spargmgs are being run into the 
respective vessels to give worts of the desired 
original gravities, the " pitching "yeast is added, 
at a rate of about 1 lb. of pressed yeast per 
barrel, or 0 3%. The yeast is obtained from » 
previous brewing. The number of yeast cell* 
added is very much greater than the number of 
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organisms with which the wort is normally 
infected. The amount, however, must be so 
regulated, according to the nature of the wort, 
that a considerable increase (5-10 times) is 
possible. The yeast Saccharomyces cerevisee, 
used by brewers, is a “ culture ” yeast, that is, 
one which has been selected or possibly evolved 
in civilised communities as specially suitable for 
brewing. 

There are two main varieties — “high” or 
“ top ” fermentation yeast, and “ low ” or 
“ bottom ” fermentation yeast. 

The first is used at a higher temperature than 
the second; the brewery fermentations are 
consequently more rapid ; the yeast rises to the 
top towards the end of the fermentation, whereas 
under the conditions in which the latter is used 
it falls to the bottom at the end of the fermenta- 
tion. British beer is brewed on the top fermenta- 
tion system, almost all other beer on the bottom 
fermentation system. 

As worts usually become infected by other 
yeasts (wild yeasts) and bacteria during the 
cooling and subsequent processes, the yeast crop 
obtained at the termination of fermentation will 
contain foreign organisms. As this is used 
for seeding the succeeding worts, it is possible 
in time for the seed yeast to become seriously 
infected, even if the initial wort infection is kept 
down by suitable precautions. As will be seen 
later, these foreign organisms may lead to 
serious defects in the final product. 

In order to surmount this difficulty, Hansen in 
1883 introduced his pure yeast system into 
bottom fermentation breweries. He separated 
single yeast cells from the brewery yeast, and 
from each of these grew sufficient to make a trial 
brewing. The culture giving the most satis- 
factory result was selected and used in the 
brewery. A pure pitching yeast was thus 
obtained. This has been adopted with great 
success in lager beer brewing, but brew'eries 
working on the top fermentation system have not 
found the pure yeast thus prepared altogether 
satisfactory. Many reasons have been given for 
this. It is fairly well agreed that the explana- 
tion of its non-success is that a mixture of yeast 
is necessary in this case, although there is much 
diversity of opinion as to what this mixture 
should be (G. H. Morris, J. Inst. Brew. 1900, 6, 
333 ; N. H. Claussen, J. Inst. Brew. 1904, 10, 
308 ; K. L. Siau, J. Inst. Brew. 1900, 12, 118 ; 
H. Schionning, Compt. rend. Trav. Lab. Carls- 
berg, 1908, 7, 138 ; J. Inst. Brew. 1909, 18, 2 ; 
B. M. Brown, J. Inst. Brew. 1934, 40, 9). Yeast 
may bo freed from bacteria by treatment with 
solutions of definite acidity, about 0-1% H 2 S0 4 
(II. T. Brown, J. Inst. Brew. 1916, 22, 328). 

In Great Britain as soon as the vessels are 
filled, and before fermentation, excise readings 
of volume and original gravity are taken. Two 
objects must be achieved in the fermenting 
vessel, apart from the prevention of infection. 
I'irstly, the wort must fall, with reasonable 
rapidity, from its original specific gravity to 
about one-third or as low as one-fifth of this 
value according to type of beer, a corresponding 
production of alcohol taking place. Secondly, a 
good and adequate crop of healthy yeast must 
form and separate property. 
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The rate of fermentation at any instant, 
assuming that the yeast is uniformly mixed with 
the wort, will depend on many factors. Firstly, 
the fermentative power of the yeast, which 
depends on its physiological state. The extent 
to which matters are deposited on the cell 
surfaces may possibly interfere with diffusion 
(H. T. Brown, J. Inst. Brew. 1913, 19, 84). 
Secondly, the coheentration of the yeast to which 
the rate of fermentation is directly proportional 
over limits far wider than any occurring in the 
fermenting vessel. This is easily seen to be the 
case if one regards each yeast cell as a unit 
producing an equal amount of alcohol in unit 
time. Rate of fermentation is proportional to 
weight of yeast, although large cells function 
faster than small ones. The concentration of 
yeast in the wort is influenced by its distribution 
in and on the wort, which in its turn is influenced 
by suspended matter present (C. Ranken, 
J. Inst. Brew. 1927, 33, 76; C. Ranken and 
J. R. Bell, ibid. 1928, 34, 265). Thirdly, the con- 
centration, but not the nature, of the ferment- 
able sugars present. The monosaccharides, 
glucose, fructose and mannose, the disaccharides 
sucrose and maltose all appear to be fermentable 
at approximately the same rate under the same 
conditions, and this rate is nearly independent 
of the sugar concentration between about 1 
and 10% (A. J. Brown, J.C.S. 1892, 61, 
369; A. Slator, J.C.S. 1906, 89, 128; 1908, 
93, 217; R. II. Hopkins and R. H. Roberts, 
Biochem. J. 1935, 29, 919, 931). Only 
when “ attenuation ” or fall in gravity is 
nearly as complete as possible, i.e. within four 
degrees of the limit, will sugar concentrations 
per se influence the rate of fermentation. 
Fourthly, temperature ; for a rise of 5° (9°F.) 
in temperature, i.e. about the total rise occurring 
during fermentation in brewing practice, the 
rate of fermentation increases to about twice 
(A. Slator, ibid . ; R. H. Hopkins and' R. H. 
Roberts, Biochem. J. 1935, 29, 2486). Mineral 
salts and p H over the range normally occurring 
in brewers’ worts during fermentation, viz. 
p H 5-4, have comparatively little influence on the 
rate of fermentation. 

Of the factors considered above, those which 
merit consideration are the first and second. 
Temperature, p H , and sugar concentration do 
not vary from brew to brew sufficiently to make 
any significant difference. The yeast will remain 
free from clogging of the cell surfaces if adequate 
flocculation on the refrigerator has been secured, 
if not, a sluggish secondary fermentation results, 
and trouble is likely to follow, as micro-organisms 
pathogenic to beer such as wild yeasts and 
bacteria may be growing more rapidly. The 
fermentative activity will also depend on the 
previous history of the yeast, the type of wort in 
which it was grown, how it has' been stored, 
etc. In so far as rate of fermentation depends 
on the concentration of yeast, this latter factor 
is also the concern of the brewer, from the point 
of view of his yeast crop. ' 

The amount of yeast in the wort at any instant 
depends on many factors. When a small seeding, 
e.g. 0-3% of pressed yeast, is introduced into 
wort, there is a short lag phase with little or no 
cell increase, followed by a logarithmic phase, 
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dunng which one cell becomes two, two become 
four, and four become eight m equal inters a Is of 
time. This time interval, termed a generation 
time, is about four hours at 18° (65T.) (mean 
brewing fermentation temperature) but is only 
83 minutes at 30° (SG°F ) (A. Slator, Biochem. 
J. 1913, 7, 197 , 1918, 12, 248 ; A. Tait and 
L. Fletcher, J Inst. Brew 1923, 29, 509) 
Later, inhibition of rate of multiplication sets 
in, due to accumulation of alcohol, carbon 
dioxide, etc., and finally, approaching exhaustion 
of sugar brings multiplication to a standstill. 
The views expressed by certain workers on the 
subject of rate of multiplication are not all in 
agreement, but the diSerences have been due 
largely to the difficulty of deciding when a 
yeast bud becomes a new cell (see also H. T. 
Brown, Ann Bot. 1914, 28, 197 , R. H Hopkins, 
J. Inst Brew 1927, 33, 337). Oxygen is 
necessary for adequate growth and health of the 
organism; thus, for instance, half fermented 
wort, saturated with carbon dioxide and pro- 
tected from access of oxygen, is deficient in this 
respect. A J. Brown (J C S. 1905, 87, 1395) 
considered the presence of oxygen in the original 
wort (H. T. Brown, ibid ) to be essential for 
yeast growth Whilst a very large excess of 
oxygen enormously increases yeast growth, 
extremely little is actually necessary for health 
and normal multiplication (F Wmdisch, 
J. Inst. Brew 1931, 37, 561) It is largely a 
matter of oxidation reduction balance, or the 
value of r H of the system. A high value of 
r H , that is a high oxygen intensity, 13 essential 
to the respiration of yeast, and development by 
this means is inhibited if the oxygen intensity 
falls, that is, r„ decreases. So far as yeast 
development in the finished beer is concerned, 
this is Blow if the value of r H is below 15, a value 
approximating to that at which methylene blue is 
decolourised (J. de Clerck, J Inst Brew. 1934, 
40, 407 ; F Mendlik, Woch Brau 1934,51,305) 
The essential nutrients of yeast include 
potassium, magnesium, calcium, traces of iron, 
very minute traces of copper and possibly of 
other metallic 10ns , phosphate, sulphate, 
nitrogen in any of a number of suitable forms, 
and any one or more of a number of assimilable 
sugars such as maltose, sucrose, glucose, etc. The 
nitrogen may bem the form of ammonium salts, 
ammoacid9, amides, etc , or a mixture of these 
with more complex protein degradation products 
In wort it is the last named condition which 
obtains, and significantly enough, much better 
yields of yeast as regards both quantity and 
quality are obtained from woit than from a 
synthetic mixture There are a number of 
reasons contributory to this. For instance, 
to secure a good grow th in a given nitrogenous 
nutrient, the optimal p H for that nutrient should 
be employed. According to V Ehrlich (Ber. 
1907, 40, 1029) yeast splits ammonia and carbon 
dioxide from ammo acid*, an alcohol being 
formed which is of no use to (and may help to 
inhibit the growth of) the y east. Thus, 
l leueine+ water yields inactive tsoamyl alcohol 
4- carbon dioxide-)- ammonia 
CHMe 2 *CH 2 *CH(NHj)C00H+H 2 0 

— CHMe 2 CH 2 CH 2 OH+C0 2 +NH s 


The ammonia thus formed is utilised for yeast 
growth. The yeast manufacturer grows his 
yeast in ammonium salts as source of nitrogen, 
special conditions being necessary for good 
yields. In some ways brewers’ wort simulates 
these conditions. It is highly buffered and 
prevents the attainment of a reaction at which 
inhibition would be serious. It has been found 
that, if alcohol concentration is kept below 4%, 
growth of yeast in wort continues until the p B 
has fallen to 2-15, but restoration of normal p g 
(4-5) is followed by fresh growth (V. Hartelius, 
Cornpt. rend. Trav. Lab. Carls berg, 1934, 20, 
No. 7; see also A. L. Stem, J.C.S. 1899, 
75,201; 1901,79,043; A.TaitandL. Fletcher, 
J. Inst. Brew. 1922, 28, 597; C. Taxner, tbid. 
1935, 41, 27; R. H. Hopkins, ibid. 1935, 41, 
30). Lastly, minute quantities of “ bios ” 
first discovered by Wildiers, and now usually 
called “ growth-promoting factors ’’ are 
necessary. N. Nielsen and V. Hartelius (Compt. 
rend. Trav. Lab. Carlsberg, 1932, 19, No. 8; 
1934, 20, No. 1) have succeeded m establishing 
the existence of at least two growth-promoting 
factors, A and B, the latter of which occurs in 
wort. R. J. Williams and D. H. Saunders 
(Biochem. J. 1934, 28, 1887) find that the 
yeast growth factor pantothenic acid previously 
isolated by Williams, active as it is, is even 
more active in conjunction with inositol, “ Bios 

I, ” or vitamin B, or both, w hereas the latter two 
exert relatively little effect. Normal wort 
contains an excess (except in the amount 
of sugar) of all the substances, including 
growth-promoting factors, necessary for yeast 
growth. 

To indicate the practical significance of all 
that has been stated above, the seeding (pitch- 
ing) of a brewery wort with 10 million cefil per 
c.c., t e. about 2 5 g. of pressed yeast per litre 
(the usual proportion), will bo followed by a 
period of quiescence before growth starts. The 
cell vacuoles disappear if the wort is strong. 
Growth then proceeds steadily but retarding 
influences soon come into action and continually 
slow down the rate. The chief of these is the 
effect of cai bon dioxide and the gradual failure of 
the oxygen supply^, e <7. in one experiment, 
saturation with carbon dioxide reduced the 
rate of yeast increase by’ about 22% (A. Slator, 

J. Inst. Brew. 1923, 29, 817) There is plenty 
of yeast food present, and the amount of 
alcohol is not sufficient to have any great 
influence. Rapid fermentation is now taking 
place, w ith evolution of large quantities of carbon 
dioxide which prevents air getting into the 
fermenting solution. It is at this stage of the 
fermentation that brewers who employ two 
fermentation v essels (see below ) usually “ drop ” 
or “ tun,” that is, transfer the fermenting worts 
from the one vessel to the other. This causes 
the removal of some carbon dioxide, and 
allows some air to be absorbed by the worts, 
there is a slight renew al of yeast growth ; but 
the chief amount of yeast increase has now taken 
place The rate of fermentation is now mainly 
dependent on the number of yeast cells and 
temperature 

The influence of temperature^ is great, as 
already indicated; the following table gives the 
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grains glucose fermented per second by 10 14 
yeast cells (Burton yeast) : — 


Temp. 


e. 

40° C. . 

. 

. 5-05 

30° C. . 

, . 

. 3-00 

20° C. . 

, , 

. 1-30 

15° C. . 

. , 

. 0-68 

5° C. . 

» . 

. 0-140 


The temperature continuously rises from 15°- 
20° (60°-68°F.) (top fermentation) owing to the 
heat evolved by fermentation : the heat of 
fermentation of glucose is 24 Kg. Cals. (A. Bouff- 
ard, Compt. rend. 1895, 121, 357 ; A. J. Brown, 
J. Inst. Brew. 1901, 7, 93), and the brewer 
has to control this by his attemperators. 
Although the sugars present in wort are fer- 
mentable individually at approximately the 
same rate under the same conditions, except 
that at 15° (60°F.) maltose may with some 


yeasts be rather more slowly fermented than the 
other sugars, nevertheless the yeast selectively 
ferments glucose faster than fructose in mixtures 
of the two. The residual unfermented but 
fermentable sugar in beer is likely therefore to be 
relatively rich in fructose, a very sweet sugar. 
The fructose is derived from the sucrose in the 
malt, added sucrose or invert, and from priming 
solutions, if added. 

The mechanism of alcoholic fermentation is 
now fairly clear, although some matters still 
need elucidation. In 1897 Buchner expressed 
yeast juice from yeast and found it to be 
capable of promoting alcoholic fermentation. 
A. Harden and W. J. Young discovered the 
influence of phosphates (Proc. Roy. Soc. 1906 
(B), 77, 405; 1910 (B), 82, 321). R. Robison 
isolated the hexose monophosphates (R. Robison 
and W. T. J. Morgan, Biochem. J. 1930, 24, 119 ; 
R. Robison and E. J. King, ibid. 1931, 25, 323). 
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C. Ncuberg and J. Kerb (Biochem. Z. 1912, 47, 
405; ibid. 1913, 58, 158) and others found that 
pyruvic acid is clearly an intermediate product 
in the breakdown of hexoses, and developed the 
hypothesis associated with the name of Neuberg 
which was an essential step in progressing to our 
present-day theory. Finally G. Embden and 
O. Meyerhof developed the latter, which is as 
follows. Hexose diphosphate reacting with 
glucose and inorganic phosphate yields phos- 
phoglyceraldehvde, which, until some acetalde- 
hydo has been formed, undergoes simultaneous 
oxidation and reduction yielding phospho- 
glyceric acid and glycerophosphoric acid, the 
latter of which then splits off phosphoric acid to 
form glycerol, which is always formed in alcoholic 
fermentation. The phosphoglyceric acid also 
splits off phosphoric acid to form pyruvic acid, 
from which carbon dioxide is removed to leave 
acetaldehyde. Immediately the latter com- 


pound appears it is reduced to alcohol at 
the expense of the phosphoglyceraldehyde, 
which is oxidised to phosphoglyceric acid, and 
this re-enters the cycle to produce more pyruvic 
acid, and so on. 

The enzyme zt/tna&e of yeast juice is 
complex and, apart from co-zyrnase , which can 
be separated by dialysis, contains carboxylase 
and phosphatases. The influence of inorganic 
phosphates on fermentation by yeast juice is 
not reflected in fermentation by" living yeast. 
The products of alcoholic fermentation of 
maltose in practice are about 51% of ethyl 
alcohol, 49% carbon dioxide, 1 or 2% of glycerol, 
small amounts of the sugar being taken up for 
yeast nutrition, the whole totalling 105-5, to 
which quantity of glucose 100 parts of maltose 
are equivalent. The other products, succinic 
acid, higher alcohols, etc., are by-products of 
yeast metabolism. 




100 


BREWING. 


From 25 to 40% of the total wort nitrogen is wort, it communicates to it a yeasty flavour and 
removed during fermentation, in brewery spoils it In bottom fermentation the yeast also 
practice. As much as 00% can be removed by flocculates towards the end of the fermentation, 
laboratory procedure involving addition of which, owing to the low temperature, proceeds 
extra sugar, etc. No doubt some of the colloidal much more slowly, and the yeast falls to the 
forms are adsorbed on to the surface of the j east bottom of the vessel. The method of remov mg 
cells, but mostly it has been assimilated the yeast, or of “ cleansing,” haa an appreciable 
Possibly, even under brewery conditions, a influence on the typo of beer produced. It will 
certain quantity is excreted by the yeast, so be seen that the rate and conditions of separation 
that the quantity disappearing during fermenta of yeast and its removal will affect the amounts 
tion represents a balance between adsorption of secondary products of fermentation, higher 
and excretion The value of p H falls from about alcohols, esters, etc , which diffuse from the 
6 to about 4, this being due to production of acid yeaBt mass into the beer, and also the amount of 
and removal, by the yeast, of buffering matters hop bitters adsorbed by the yeast. These 
The first sign of fermentation in the fermenting secondary products of yeast metabolism and the 
vessel (see Fig. 7) is the appearance of a froth hop bitters have a marked influence on flavour. 

There are two well defined methods 
of cleansing employed in Great 
Britain — skimming (most general) 
and the “ union " system employed 
in many Burton breweries For 
skimming an arrangement called a 
parachute is fixed in the ferment- 
ing vessel. It resembles a large 
funnel with its outlet pipe com- 
municating with a vessel beneath 
{see Fig. 8) The height of the 
funnel is controlled by gearing, so 
that the yeast as it rises flows over 
the edge through the pipe into a 
vessel below. In very large Teasels 
this is assisted by the movement 
of a skimming board Sometimes 
the fermentation is commenced in 
a plain vessel and the wort dropped 
when about half fermented into 
the skimming vessel. During the 
early stages of fermentation rousing 
is earned out from time to time 
by mechanical means or by forcing 
compressed air through the wort. 

The beer is allowed to remain 
quiescent for a day or two, a little 
more yeast settling to the bottom 
dunng this time whilst a residual 
surface covering protects the beer 
to Borne extent from infection, 
aeration, and loss of carbon dipxide 
It is now racked 'into casks, lairiy 
bright but not too bright. The 
fermentation is so controlled that 
at the racking stage there always 
remains some fermentable sugar 
From Sykes and Ling's “ Brewing " {Charles Griffin «t Co. Ud ) and some yeast in suspension 

as whatever mode of yeast re- 
hearing a scum. Thi3 contains a little yeast and moval is adopted, it is impossible to remove 
some resinous and albuminous matter and is all. It is convenient and usual to employ 
skimmed off. In a few hours a “ cauliflower” an intermediate vessel (racking vessel). This 
head of foam forms and later gives place to a is* provided with taps, usually of special desigD, 
larger “ rocky ” head. As y et the mam portion so that the casks are filled without loss due 
of the yeast is in the wort, but, although it has a to overflow. At racking the beer is too fiat 
greater specific gravity*, about 1090, than the for consumption, excess of carbon dioxide 
wort, it is kept in suspension by the rising having escaped. In cash a type of “ secondary” 
bubbles of carbon dioxide, but towards the end fermentation takes place, residual fermentable 
it flocculates and entangles the rising bubbles, sugars and yeast, intentionally left behind in the 
the spongy mass^ thus formed rising to the beer at racking, serving the purpose. Sometimes 
surface and forming the y’easty head. If the a small quantity of “ priming ” sugar, usually 
latter is not quickly removed the gas escapes cane sugar, invert, . or “ dextrin maltose,” is 
and the yeast falls to the bottom of the liquid, added to make sure of this. 

IF i east be allowed to fall through the fermented The union system of cleansing inv olves running 




BREWING. 


the fermenting wort into a set of casks, each 
holding about 150 gallons or more {see Fig. 9} 
mounted horizontally on trunnions on a frame- 
work. Each cask is furnished with a swan 
neck which fits into a socket in the highest 
portion of the cask, and projects just over the 
edge of a yeast trough, w'hich is long and shallow 
and is fixed above the unions. There is a tap at 
the lowest portion of the cask, the nozzle of 
which projects a couple of inches into the cask. 
The tap has a screw thread, so that the inlet can 
be lowered or the tap entirely removed, leaving 
the cask opening free. The casks are also pro- 
vided with attemperators through which cold 
water may be passed for controlling the tempera- 
ture of fermentation. Sometimes one large 
cigar-shaped aluminium vessel replaces several 
casks, but it has a number of “ swan necks.” 
The yeast trough is also provided with attem- 
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perators. At one end the yeast trough com- 
municates with the cross trough or feeder 
by outlets at various levels, any one or all of 
which may be closed as required. The feeder 
communicates with the casks by a long side pipe, 
the feeder inlet of this having a screw' cup w’hich 
may be raised or lowered in order to prevent 
sediment from the feeder getting into the cask, 
or the cup may be removed entirely. This pipe 
is furnished with a main tap to control the flow 
into the cask (the feed), and each cask has a 
separate tap, so that any one may be dis- 
connected. There are also outlets from the 
yeast trough and feeder for removing yeast 
(barm). The fermenting wort in the unions is 
under the pressure of the head of wort in 
the feeder, and consequently so long as carbon 
dioxide is being produced in quantity a foam is 
forced up the swan necks into the yeast trough. 
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This settles to some extent, and furnishes more 
head of liquor in the feeder, and so the circula- 
tion continues. With a wort of fairly high 
gravity the whole bulk of the brewing would 
circulate several times. When the fermentation 
nears the end, the character of the foam in the 
yeast trough changes. It becomes yeasty, and 
separates, a part of the yeast settling to the 
bottom and a part forming a thick skin on the 
surface ; in between these two layers is a 
stratum of fairly bright beer. This bright beer 
only is allowed to return through the feeder, 
where a little more settling takes place, into the 
casks, so that ultimately the casks become filled 
with moro or less bright beer, and the greater 
part of the yeast remains in the yeast trough. 
After allowing the beer time to settle in the 
unions, it is run into a racking vessel. 

There exist modifications of both the skimming 
nn d the union systems. What is in principle a 
modification intermediate between the two is 


employed in Yorkshire — a system known as the 
“ stone square system,” because the fermenting 
vessels were, and in some cases still are, con- 
structed of stone or slate. More usually, now- 
adays, they are lined with or made of 
metals — copper, aluminium or stainless steel. 
The square top of the vessel is covered except 
for a manhole in the centre, which is surrounded 
by a flange. The main vessel is also surmounted 
by an open one of the same dimensions, except in 
height, which is much less. Attemperators are 
lowered through the hole, which also will admit 
a man to enter the vessel to clean it. The lower 
vessel is filled up to the top. When fermentation 
sets in, froth and afterwards yeast are expelled 
through the hole and collect and settle in the 
upper vessel, from which the wort, when clear, 
can be run back through a valve. Pumping is 
possible for rousing purposes. The fermenta- 
tion is slow, the temperature range about 
10°-19° (C1' 5 -66°F.), and a very full drinking 
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25% of the quantity present at that stage 
(H. Heron, .T. Inst. Brew. 1928, 34, 377). 

Stability of beer is of two kinds, protein 
stability and biological stability. The former 
presents the more difficult problem, and is the 
only one in the case of efficiently pasteurised or 
filter-sterilised beer. Haze or greyness, due to 
formation of albuminous matters or these com- 
bined with hop products such as tannins, are 
difficult to control. The lager brewer, whose 
product has to withstand chilling immediately 
before its consumption, achieves it as far as 
possible by peptonisation in mashing and long 
storage at 0° in his lager tanks. 

Biologically, wild yeasts or bacteria may 
develop in the finished product, causing a variety 
of possible symptoms. Some organisms do no 
particular harm. Of the others, wild yeasts 
cause turbidity, yeast bite, over-conditioning in 
cask, peculiar odours, or bitterness. It will be 
recalled that a high value of r H is necessary 
for yeast respiration, and that such development 
is very slow if r H is below 15, the value, approxi- 
mately, at which methylene blue is decolorised. 
If methylene blue is rapidly decolorised by 
beer, it is unlikely that yeast haze will develop. 
If there is present any quantity of fermentable 
sugars, the yeast can develop by fermentation, 
even if the oxygen intensity or r H is low, so 
that two conditions must be satisfied if the 
development of yeast haze is to be prevented : 
- a low content of fermentable sugars and a low 
oxygen intensity — exclusion of air. 

Bacteria cause turbidity, odours, acidity or 
ropiness. Cleanliness, particularly of plant, 
purity of yeast, of air admitted to the refrigera- 
tors and fermenting room, can help a great deal. 
The biological stability of beer, as regards acid- 
forming bacteria, depends not only on the 
amount of infection and its virulence (the 
organisms in imperfectly cleaned casks are 
likely to be far more virulent than those on 
dust particles in the air) but on the antiseptic 
matters present in the wort and beer, derived 
from the hops (and sulphites). Most bacteria 
will grow much more rapidly at p n 5 than at 
Pn 4, that is in wort than in beer. If no great 
number have developed before fermentation is 
oomplete, and p H has been reduced to 4, the 
danger is greatly reduced. The objections to a 
sluggish fermentation are thus seen. Altogether, 
the quality of the hops, their handling, cleanliness 
of plant, and reasonable speed in bringing the 
beer to a relatively safe reaction, p B 4 or there- 
abouts, seem to be the main factors to which 
attention should be paid. No value of p H is 
“ safe ” for all beers, much will depend also on 
the other factors mentioned (N. M. Parsons, 
J. Inst. Brew. 1924, 30, 30 ; R. H. Hopkins and 
J. E. Fraser, ibid. 1928, 34, 387; H. Heron, 
ibid. 1923, 29, 281 ; 1924, 30, 596; J. L. Shim- 
well, ibid. 1935, 41, 245, 481). 

The yeast which is collected at the cleansing 
operations is usually pressed in a filter press, 
the beer so obtained being run back into the main 
bulk. The recovery of yeast pressings is an 
important feature of brewery economy at the 
present day, but such pressings should be 
blended with the beer from which they were 
obtained. Pressings differ in composition from 
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the beer in which the yeast was formed, especially 
if any length of time has elapsed between 
skimming and pressing. The original gravity 
is higher, mainly, no doubt, as a result of 
excretion of alcohol from the yeast cells which 
contain glycogen and the necessary enzymes to 
ferment it. Whilst alcohol is being excreted 
there is a simultaneous degradation of nitro- 
genous matters of the cell which appear in 
the surrounding medium as higher alcohols, etc. 
Nitrogen, potassium, and phosphates are higher 
andpg is more alkaline. Pressings soon develop 
bacteria if kept (H. L. Hind, J. Inst. Brew. 1925, 
31, 336; H. W. Harman and J. H. Oliver, ibid. 
1925, 31, 353). 

Well pressed yeast contains about 73-75% 
of water, very little of which is located in the 
interstices of the cells. Unwashed yeast 
liquefies on storage sooner than washed yeast, 
and this is ascribed to the removal, by washing, 
of some factor which accelerates autolysis (A. 
Tait and L. Fletcher, ibid. 1926, 32, 385). 

It has been suggested that yeast washings 
contain proteolytic enzymes (S. B. Schryver, 
E. M. Thomas, and S. G. Paine, ibid. 1927, 33, 
120). There are three such enzymes in the yeast 
cell. Firstly, a proteinase which degrades many 
proteins such as denatured egg and serum 
albumins, fibrin, casein, gelatin, and certain 
peptones and which exhibits an optimum activity 
in the neighbourhood of p R 5-0 ; secondly, a 
polypeptidase which attacks peptides containing 
a free amino group ; and thirdly, a dipeptidase 
which attacks dipeptides containing both a free 
amino and a free carboxyl group. The p H 
optima of the latter enzymes are between 7-0 
and 7-8 (W. Grassman and W. Haag, Z. 
physiol. Chem. 1927, 167, 188 ; W. Grassman 
and H. Dyckerhoff, ibid. 1928, 179, 18). 

Yeast has long been used as a convenient 
source of vitamin B, a complex food accessory 
factor now considered to consist of a number of 
components. Of these, vitamins B t and B z 
are susceptible of definite measurement, and 
the amounts present in yeast vary widely. 
Apparently some yeasts can synthesise both these 
factors from nutrient media containing neither 
(J. C. Drummond and J. M. Whitmarsh, J. 
Inst. Brew. 1932, 38, 264). On the whole, it 
seems probable that brewers’ and bakers’ 
yeasts remove the vitamins from the malt media 
in which they are grown. In consequence, 
properly fined beer is almost or entirely free 
from vitamins, although the evidence on this 
point is conflicting. 

Analysis of Brewing Materials aNd 
Beers. 

Mall . — The determinations normally per- 
formed are (1) moisture, (2) extract, (3) colour or 
tint, (4) diastatic power, (5) cold water extract, 
and sometimes (6) permanently soluble nitrogen. 
The processes are empirical and standard 
methods have been recommended by the Analysis 
Committee of the Institute of Brewing (see 
J. Inst. Brew. 1933, 39, 517). 

Moisture . — Three hours’ drying at 100°C, 
with precautions. Before the last traces of 
moisture are removed oxidation and decom- 
position have become appreciable. 
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Eziract — Malt, ground in a standard mill, is 
infused at 65 5* (loO'F ) for one hour, diluted to 
10% concentration, filtered, and the specific 
gravity of the filtrate taken. The excess of 
gravity over 1,000 is multiplied by 3 36, the 
result being “ brewers’ pounds ” per quarter 
Continental analysts maso the malt differently 
and calculate from the appropriate “ Plato ” 
tables the solid content of the wort in “de- 
grees Plato,” which is the number of gram3 of 
wort solids contained m 100 g of wort Actually 
this table was constructed to represent cane 
sugar percentages, these bcmg adopted as a 
standard. If P=the Plato figure so obtained 
and W=% water in the sample of malt analysed, 
then 100 g of malt having been extracted by 
800 g. of water, the extract of the malt 
= PX(800+W)— (100-P) 

To convert the results by the British method, 
lb per qr into the corresponding “ Plato ” result 
for the same malt, multiply by the factor 0 602 

Colour of the 10% wort (or of beer) is deter 
mined by the ‘ Lovibond tintometer using 
/the standard colour glasses of the “ senes 52 ” 
To convert the result into the corresponding 
result by the Continental method, expressed as 
c c of decinormal iodine per 100 c c , multiply by 
0 086 

Diastatic Pou.tr — 3 cc of a 5% cold 
water extract of the malt is allowed to act on 
100 c c of 2% Lmtner soluble starch containing 
2% of normal acetate buffer mixture, p n 4 6 
for 1 hour at 21° <70°F ) The result of the 
reducing power determination is calculated to 
degrees on the Lmtner scale 

Cold Water Extract » calculated from the 
specific gravity of a 5% extract (8% of N/10 
ammonia is included to prevent enzyme action 
dunng the extraction) prepared at 21° (70°F ) 
for three hours By dividing the excess of 
specific gravity o- or 1,000 bv the factor 0 386, 
the percentage of soluble solids is obtained. 

Permanently soluble mlrogen is determined on 
the 10% wort prepared in the determination of 
“extract,” after boiling, making up to volume 
and filtering, using the lij eldahl or other 
suitable process 

Paw or prepared gram is analysed for extract 
by treating 50 g (previously gelatinised in the 
case of raw grain) m 300 c c of water at 65 5° 
(I50°F.) with 100 cc of 25% cold water malt 
extract at the same temperature, and digesting 
for two houre After dilution to 506 c.c. and 
filtration the specific gravity of the filtrate is 
determined, and this, after deducting that of a 
control for the malt extract, is used for calcula- 
tion in the same way as that employed in malt 
analysis. 

Hops — Deteimmation of preservative value 
(P.V.). 10 g, suitably sampled, arc extracted 
with ether in a Soxhlet extractor until at 
least twelve siphonings have taken place. 
After evaporating off the ether at 40° the residue 
Is dissolved in methyl alcohol to 75 c.c Of this, 
15 ec. together with 35 cc. of 1% sodium 
chloride are repeatedly extracted with light 
petroleum, the latter taking out total soft re9ins 
— which are recovered and weighed as such. 
For the a-resin, 40 c c. of the methyl alcohol 
solution are precipitated at 60° (140°F.) with a 


1% lead acetate in methy 1 alcohol. The weight 
of lead salt, weighed in a Gooch crucible, mill 
tiphed by 0 63, gives the w eight of a-resin, 
% total soft re«ms— % a resm=% p resin. 
P V=10(a+/5/3) (see J. S. Ford and A. Tait, 
J. Inst. Brew. 1932, 38, 351). 

Beer — Original gravity is the most impor 
tant determination, and is made by distilling 
100 c c. until about 75 c c of distillate 
has collected Usually’ the flask and still 
used are of “ Revenue ” pattern. Both 
distillate and residue are diluted to 100 cc. 
and their specific gravities determined. To 
the specific gravity of the residue roust be added 
the number of “ degrees of gravity lost'* 
equivalent to the alcohol in the distillate. 
This number is obtamed from the official table 
used for revenue purposes, using the difference 
between the specific gravity of the distillate and 
that of water (1,000) ; this difference being 
known as the “spirit indication.” A sum 
raary of the table from which interpolations can 
be made is given here 

Corresponding 

Spirit degrees of 

indications gravity lost. 

1 . . . 4 25 

2 8 50 

3 12 90 

4 17 30 

3 . 21-85 

G . 26-40 

7 . . 31 00 

8 35 65 

9 . . 40 30 

10 . 450Q 

11 49 85 

12 ... 54 85 

13 . . 59 95 

14 . . . . 65*10 

This table is entirely empirical in origin and 
the lattei is described together with a complete 
review of the subject by H. T. Brown (J. Inst. 
Brew. 1914, 20, 569; see also R. H. Hopkins, 
ifcid. 1927, 23, 320). 

Sulphur dioxide in beer is determined by distil 
lmg 250 c c. of beer with 100 c c. of water and 
5 c.c. of glacial phosphoric acid in a stream. of 
carbon dioxide The gas should be passing 
through the boiling liquid before the beer is 
run in. The distillate is collected in saturated 
bromine water and the sulphur dioxide is 
estimated as sulphate. 

Beer is made in most parts of the British 
Empire, the United States, most European 
countries, and Japan. The last named country is 
to day one of the largest producers. Top 
fermentation (and infusion) brewing is practised 
mainly in Great Britain, Ireland, and certain of 
the Dominions, India, and to some extent ro 
the countries of north-west Europe. A little 
bottom fermentation (decoction) brewing goes 
on m Britain, whilst infusion and top fermenta- 
tion brewing are not unknown, for instance, in 
Germany. Probably the strongest ale brewed 
in Britain is of about 1,120 original gravity , 
but this is rare, most beer ranging from 1,055 to 
1,035, similar ranges obtaining in mdst beer- 
consuming countries. The word “ ale K 
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usually confined to infusion products other than 
stout and porter, whilst “ beer ” is a more 
comprehensive term. (Historically, ale referred 
to unhopped and beer to hopped products.) 
Mild ale, the more lightly hopped, is usually of 
lower original gravity than the bitter. Of the 
beer consumed in England about 40-50% is 
mild ale, 35—40% bitter, 10-15% stout, and 5% 
is strong ale. Bottling and pasteurisation are 
on the increase ; in some countries, such as 
Denmark, most of the beer is pasteurised, some 
of it in special patent aluminium casks of 5J 
gallons capacity. In Germany stainless steel 
casks are being used, and in America beer is 
now being “ canned ” (pasteurised) instead 
of bottled. 

It is of very little use giving the typical results 
of analyses of beers, except so far as the per- 
centages of alcohol and residual solids are 
concerned. The quantities of ash, phosphate?, 
etc., naturally increase with original gravity, 
and are affected also by the proportion of 


105 

malt adjuncts used, being reduced by such. 
Roughly it is possible to deduce the proportion 
of adjuncts from considerations of the original 
gravity and residual nitrogen, but this always 
assumes the use of malts of normal nitrogen con- 
tent (L. J. Smith, J. Inst. Brew. 1926, 32, 220). 

The following table shows the range of 
percentages of certain constituents of beer, the 
higher figures corresponding to all malt beer. 
They are approximately true of lager as well as ale. 


Original 

gravity. 

Ash. 

P 2 °5 

1 

Nitrogen. 

1,050 

0-2-0-3 

i 

0-050-0-067 

0-04—0-07 


As regards content of alcohol and of residual 
solids the composition of a number of beers is 
given in the following table, which includes 
extreme as well as average examples (A. C. 
Chapman, J. Inst. Brew. 1932, 38, 83) : 



Total solids. 

% 

Alcohol, 

% by weight. 

Approximate 
original gravity. 

Mild Ale 

2-32 

2-92 

1032-5 


2-53 

2-19 

1027-5 


5-17 

2-90 

1044 


6-00 

3-94 

1055-5 

General 

3-7-4-8 

3-1-3-3 

1042 

Bitter and Pale Ale 

2-23 

2-40 

1028 


6-87 

3-27 

1053-5 


4-63 

4-66 

1055 

General 

3-8-4-3 

3-0-3-9 

1046 

Stout and Porter 

3-86 

2-58 

1036 


7-04 

3-82 

1058-5 


5-78 

4-55 

1059 

General 

5-0-5-8 

3-45-3-75 

1050 

Strong and Old Ale 

6-72 

4-72 

1064 


10-42 

5-28 

1083 


5-15 

9-38 

1092 

Lager (English) 

4-89 

4-00 

1051 

Pilsener (German) 

4-14 

3-55 

1045 

Pilsener (Danish) 

4-45 

3-46 

1045 

Pilsener (Czechoslovakian) .... 

6-60 

3-54 

1050 

Munich 

5-55 

3-61 

1051 

American “ 3-2% ” 

11-0 

3-05 

1068 


R. H. H. 


BREWSTERITE r. Barium. 

BRICKS v. Building Materials, Section I. 

BR1DEL1A BARK or ASDUANA. The 
bark of Bridclia montana is a useful Indian 
astringent (Dymock, Pharrn. J. [iii], 7, 309). 

BRILLIANT BLUES v. Antdraquinone 
Dyestuffs. 

BRILLIANT GREEN. Tetraethyldiamino- 
triphenylmethane, 

Et 2 N-<^>— CPh=/^\=NEt 2 , 
sulphate of a triphenylmethane dyestuff. 


BRILLIANT PHOSPHINESv. Acridine 

Dyestuffs. 

BRIMSTONE. The old name for sulphur, 
now used when referring to its inflammable 
character. 

BRITANNIA METAL is an alloy of 
variable composition, formerly largely used for 
domestic utensils and generally consisting mainly 
of tin, with which is alloyed from 5 to 10% 
antimony and 1 to 3% copper. In the cheaper 
qualities of this metal small quantities of lead 
and zinc are also present. Owing to increase in 
the price of tin, Britannia metal has been largely 
superseded by nickel silver, an alloy of copper, 
zinc, and nickel. 
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BRITISH GUM. 


BRITISH GUM v. Adresiyes. 

BROCHANTITE. A hydrated basic copper 
sulphate, 0uSO 4 -3Cu(OH),, forming bngbt- 
green orthorhombic crystals, found in Cornwall, 
Urals, etc. It is largely present in some of the 
Chilean copper ores. 1 J. S. 

BROGGERITE. A crystallised variety of 
the mineral pitchblende or uranimte, found 
as small, isolated octahedra and cubo-octahedra 
in the felspar quarries near Moss in Norway It 
contains about 80% uranium oxide, together 
with thorium, lead, etc. Chreile is a %ery 
similar, or identical, mineral found in the 
felspar quarries near Arendal in Norway. 

B R O M A L . Tnbromacetaldehyde, 

C B r s C H O . Prepared by passing bromine into 
a solution of paraldehyde in ethylaeetate (Pinner, 
Annalen, 1875, 179, 68), or by passing bromine 
into absolute alcohol, fractionally distilling the 
product, and treating the fraction boiling at 
I65°-180° with water. The bromalhydrate 
thus formed is decomposed on distillation into 
bromal and water (Schaffer, Ber. 1871, 4, 366; 
Lowig, Annalen, 1832, 3, 288). Bromal is an 
oily liquid, bp 174°/760 mm ; sp gr. 3 34. 
Alkalis decompose it on beating into bromo 
form and a formate. 

Bromalhydrate, CBr, CH(OH),, crystal 
lises from water in colourless monochnic prisms 
containing one molecule of water of crystallisa- 
tion, m.p. 53 5° It is less soluble than choral 
hydrate (Pope, J.C S. 1899, 75, 460). The fusion 
and density curves have been determined by 
Efremov (J. Russ Phys. Chem. Soc. 1918, 50, 
338). 

Bromal Alcoholates. Bromaletbylalco- 
hojate, CjHBr.O CjH 4 0, is a crystalline solid, 
m.p. 44° ; readily soluble m alcohol, sparingly 
soluble m water (Schaffer, / c ). 

The following condensation products of 
bromal have been prepared: Bromalammon ia 
(Schiff and Tassinan, Ber. 1877, 10, 1786); 
compound with hexamethylenetetramine (Lederer, 
BP. 17693, 28/7/97; J.S.CI. 1897, 16, 1039); 
compounds with formaldehyde (Pinner, Ber. 
1900. 33, 1432) ; with aeeJaldehyde (Nakai, 
Biochem. Z. 1924, 152, 258) ; bromaldiaeelate 
(Gabutti, Gazzetta, 1900, 30, u, 191) ; 
bromalglycolale (Gabutti, J.C S. 1902, 82, j, 261) ; 
and bromalehloralearbamide, 

CBr, CH(OH) NH CO NH CH(OH) CCI, 
(Kalle and Co , G P. 148462 ; J.C.S 1902, 82, 
i, 429). The reaction between bromal and urea 
has been further investigated by Chattaway 
and James (Proc. Roy. Soc. 1932, A, 137, 481) 
and also by Yelburgi (J. Indian Chem. Soc. 
1933, 10, 383). 

The condensations with hydrazine, benzald- 
azine, and semicarbazide have been examined by 
Knopfer (Monatsh. 1916, 37, 357), who gives 
details of the products obtained. 

BROMBUTOL. Brometone. Tribromo- 
ferJ-butyl alcohol, CBr 3 -CMe, OH; crystals, 
m p. about 167°, slightly soluble in water, 
produced by acting on bromoform with acetone. 
Sedative. 

B ROM EL I A. This synthetic perfume is 
p naphthyl ethyl ether, C lt H 7 -0 Et, it has 
a powerful neroli odour, and is known as 


Kerolin II. It has been — and is sometimes 
— also known as fragard, although this name 
is now usually assigned to the correspond- 
mg fsobutjl ether. It has m.p. 36“-37° ; bp. 
280°'282° ; sp gr. at 40’ 1 0547. E J P. 

BROMELLITE. A mineral consisting of 
beryllinm oxide, BeO, and named after the 
Swedish mineralogist Magnus von Bromell 
(1679-1731). A few minute white crystals 
have been found in an iron mine at L&ngban in 
Sweden. These aro hemimorphic hexagonal 
pnsms with the zincite (ZnO) type of crystal 
structure, and they are pyroelectric. They are 
remarkable for their high degree of hardness 
(H. 9), equal to that of corundum and amongst 
minerals exceeded only by diamond ; sp gr. 
3 017. The mineral is insoluble in acids and is 
not attacked by fused alkali carbonates, but is 
decomposed by fused KHSO t . Analysis 
showed 98 02% B eO, with small amounts of 
CaO, BaO, AI.O,, etc. (G. Aminoff, Z. Krist. 
1925,62,113). L. J. S. 

BROMINE. Symbol Br, at. wt 79 916, 
at. no. 35, isotopes 79, 81 Bromine is one of the 
halogens and is the only element other than 
mercury which is liquid at ordinary temperature 
and pressure. It was discovered by Ballard 
m 1826. It derives its name from fSpwpos, a 
stench 

At ordinary temperatures and pressures 
bromine is a brownish red liquid with a most 
tmtating smell It is very volatile, the vapour 
is yellowish red becoming less transparent when 
heated. Its boiling point as determined by 
Pierre, 1847, is 63°; by Andrews, 1848, 587760 
mm.; by Thorpe 59 27 7751 mm ; by Ramsay 
and Young 37 657749-8 mm., 58 857755 8 mm., 
58 77771-2 mm. Its melting point, by Ram- 
say and Young, is 7 0-7-47® {J.CS. 1886, 49, 
453). 

Liquid bromine has d® 3 18828 (Thorpe); 
if free from chlorine d 2 * 3 10227 (Andrews and 
Carlton). The coefficient of expansion is 
00011 between 25° and 30°. The specific heat 
of solid bromine is 0 08432 g.- cal., of the liquid 
0 1071 g.-cal , and of gaseous bromine 0 0555 gw 
cal. 

The latent heat of evaporation at b p. is 45 6 
g.-cal., the critical temperature is 302 2°. The 
vapour pressures at various temperatures taken 
from B. R ooze boom (Rec. Trav. Chim. 1884, 
3t4) and Ramsay and Young (J.CS. 1886, 
49, 453) are : 


‘C. mm Hg 'C. mm Hg. 
-S0 0 0 13 12-55 119 

-59 9 0 79 16 40 139 

-41-3 2 89 18-15 152-5 

—19 4 16-7 20-6 172 

-10 05 35-0 22 65 190 

- 7-1 44 5 25 05 212 

- 0-13 62 29 8 259 

1-8 67 3 34-7 314 

4-0 77-3 39-6 3"& 

4 95 82 45-6 478 

5 95 86-5 49-8 553 

7-90 95 54-7 658 

9 95 104 59-5 75® 
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The solubility of bromine in water (Winkler, 
Chem.-Ztg. 1899, 23, 687) is : 


Temp. 

1 part Br is 
dissolved in 

100 parts HjO 
dissolve “ 

100 parts Br 
water contain 

°C. 

parts H„0. 

parts Br. 

parts Br. 

0-00 

24 

4-167 

4-00 

10-34 

26-74 

3-740 

3-62 

19-96 

27-94 

3-578 

3-46 

30-17 

29-10 

3-437 

3-33 

40-03 

29-02 

3-446 

3-34 

49-85 

28-39 

3-552 

3-41 

The solubility of bromine in water is influenced 

ly the presence of chlorine as indicated below : 

Cl, g. 

per litre 

5 10 

15 20 

Br, g. 

. dissolved 

40 50 

55 54 


24 

NH 4 CI 

82-2 

77-7 

nh 4 c 2 h 3 o 2 

340-5 

55-9 

KBr 

88-5 


Salts affect the solubility of bromine in water. 
The solubility (in g. per litre) with 1 g. mol. of 
the following salts is : 

Na„S0 4 
(NH 4 ) 2 so 4 
NaCI 

The solubility of bromine in the final mother 
liquors of bromine manufacture is of technical 
importance : 

At 2° 10° 20° 30° 40* 50° 55° 

64-4 64-0 63-0 63-2 60-8 60-0 58-4 

g. Br are soluble in 1 litre. 

The following table (J. Slessor, .T. nat. Phil. 
Edinb. 1858, [ii], 7, 289) gives the specific 
gravity of aqueous solutions of bromine of 
different concentrations : 


Parts Br per litre. 

Sp. gr. at 15 0' 

10-72 

1-00901 

11-68 

1-00931 

12-05 

1-00995 

12-31 

1-01223 

19 

1-01491 

20 

1-01807 

31-69 

1-02367 


The vapour pressure of bromine water over 
liquid bromine is given in the table below 
(Roozeboom, Rec. trav. chim. 1884, 3, 75) : 


Temp. °C. 
0-0 

2-0 

3-0 

3- 95 

4- 95 

5- 95 

6 - 2 

6- 95 

7- 95 
10-0 
12-5 
15-9 


mm. Hg. 
68 
76 
80 
83 
88 

92 

93 
96 

101 

110 

124 

146 


Bromine water when cooled deposits bromine 
hydrate in hyacinth-red octahedral crystals. 
Giran (Compt. rend. 1914, 159, 246) proposed 
Br s ,8H 2 0 on the strength of thermo-chemical 
and analytical data in the place of the com- 
position Br„,10H 2 O usualty given (Lowig, Ann. 
Phys. Chim. 1829, 16, 376). The solubility of 
water in bromine is uncertain ; according to 
Wildermann 100 mol. Br dissolve 0-4 mol. H s O. 


Bromine is very soluble in alcohol, ether, carbon 
disulphide, chloroform, carbon tetrachloride, 
hydrogen chloride, arsenic chloride, sulphuryl 
chloride and sulphur dioxide. Sulphuric acid 
dissolves traces only. It is miscible with liquid 
chlorine and appreciably soluble in compressed 
gases, particularly oxygen, which at 300 atm. 
holds six times the quantity with which it is satu- 
rated at ordinary atmospheric pressure. 

Bromine reacts vigorously with hydrogen, 
sulphur, phosphorus, arsenic, antimony, tin, 
aluminium, the heavy metals and potassium ; 
but it does not react with sodium or magnesium 
even at 200° (Merz and Weitli, Ber. 1873, 6, 1518). 
It combines with unsaturated organic compounds 
and acts as a bleaching agent and disinfectant. 
Its vapour acts on the mucous membrane 
and occasions great irritation. Respiration of 
the vapour causes diminution of red corpuscles 
and of the content of hsemoglobin in the blood. 
The extent of diminution increases with the 
quantity of the vapour administered, but not 
with repetition of the treatment. Habituation 
of the animal organism to bromine is attainable 
by gradual increase in the dose, but when 
continued, small doses produce hsemolysis 
(Marino, Arch. Farm, sperim. 1920, 29, 48). 

Bromine crystallises in the orthorhombic 
system and is isomorphous with chlorine. 
The crystals are strongly pleochroic, the 
absorption being dark brownish-red parallel 
to the principal (prism) axis, yellowish-red 
parallel to the long lateral axis, and palevellowish- 
green parallel to the short lateral axis ; with 
decreasing temperature the intensity of colour 
diminishes becoming pale yellow at the tempera- 
ture of liquid air due to gradual disappearance 
of pleochroism (Walter Wahl, Proc. Roy. Soc. 
1913, A 88, 348, 313). Bromine is opaque to 
X-rays ; the degree of opacity of bromine com- 
pounds is in direct proportion to their per- 
centage of Br. 

Uses. — Before the Great War the principal 
consumption of bromine was in the manufacture 
of bromine compounds for use in photography, 
dyes, and drugs ; for compounds such as bromo- 
form (sp.gr. 2-9), and as a chemical reagent. 
During the war the consumption increased owing 
to the use of tear gases. Since the war the 
production of ethyl bromide in connection with 
the manufacture of anti-knock compounds for 
motor-car engines is much greater than the 
pre-war output. 

Occurrences. — Bromine has a wide distribu- 
tion both in the hydrosphere and in the solid crust. 
It is never found free and occurs in nature chiefly 
in combination with alkalis and alkaline earths, 
also as AgBr, bromargyrite or bromite, as 
embolite isomorphous with AgCI in Mexico, 
Chile, Honduras, in some Silesian zinc ores, and 
in Chile saltpetre. It occurs in sea water and 
is a constituent of many marine plants and 
animals. Bromine, as tetrabromindigo, has 
been found to be secreted by certain species of 
Murex, and is an essential constituent of the 
Tyrian purple of the ancients. Traces of 
bromine are occasionally to be met w-ith in 
coal, and hence in gas liquors. The granite 
of Fredrikshald contains 2 mg., and the basalt 
of Daltenberg, near Linz, 8 mg. per kg. ; iron 
meteorites contain 2-2 mg., stony meteorites 
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20-26 mg. per kg The springs of Schulz I 
Tarash contain 0-29 mg , and of Val Sinestra 
1-35-3 75 mg per litre. In the mineral springs 
of Germany the bromine varies from a trace to 
over 100 mg. per kg of water, while those of , 
France contain from a trace to 16 mg per kg. of 
water. 

The important sources which are given here 
under are in certain hot springs and mmeral 
springs, m sea water and some inland lakes 
(Report Imp Inst 1928) 

British Empire — Bromine is at present 
only produced from Dead Sea brine within the 
British Empire, but there exist sources whence 
supplies of bromine might be obtained if 
necessary, the Rann of Cutch in India being the 
most important. 

United Kingdom. — Brine from the Point of 
Ayre, Saltfield, Isle of Man, contains 0-16% of 
bromine. It occurs in the mineral springs at 
Woodhall Spa 

The Salt Union, Ltd , of Cheshire, pump 
500 million gallons of raw brine per year for salt 
manufacture , this contains 0 08 g. of bromine 
per litre, and corresponds to a total bromine 
content of 180 tons The operations of the 
company are, however, earned on over a 
scattered area, and under present conditions of 
production the recovery of the bromine is 
regarded as commercially impracticable 


India. — The brine from manufacture of salt 
m the Rann of Cutch contains what is considered 
a workable quantity of bromine, the total of 
which is stated to amount to 1,800 tons annually. 

Wallis found that the bromine content of 
fresh brine varied from 0-0 025%, while that 
of the bitterns varied from 0 25-0 5%. Analyses 
made at the Government Laboratory, London, 
showed the average bromine content of five brine 
samples to be 0 06% , and of the three bittern 
samples, 0 53% . In an actual experiment made 
on 180 gallons of bittern at the magnesium 
chloride plant at Kharaghoda, it was found that, 
after the removal of magnesium chloride and 
magnesium sulphate by crystallisation, there 
were 64 gallons of liquor left, which contained 
1*18% of bromine. The amount corresponds 
to 0 4% for the original liquor. Bromine also 
occurs in the mother - liquors of Chepauk 
(Madras). 

The question of establishing a chemical 
industry in connection with the salt industry at 
Kharaghoda, which would probably involve the 
recovery, amongst other materials, of bromine 
and potash, has been under consideration. 

Palestine. — The following analyses were 
made m the Government Laboratories, London, 
from samples taken by Major Brock in 1919, 
representing the composition of Dead Sea water 
at vanous depths : 


Comtosition. 


Depth. 

Sp gr 

KCI 

M*Br 2 

Q 

Kjjj 

tUS 


PH| 


Surface 

1-1646 

9 96 

4-45 

7090 

109 50 

3101 

1 32 


227-10 

20 ft 

1-1766 

10 55 

509 

74-57 

117 9 

33 20 

1-45 



242-76 

100 „ 

1-2036 

13-21 

6 12 

80 22 

141-72 

40 09 

0 96 



282-32 

300 ,, 

1 2368 

15-11 

7-24 

92 59 

170 3 

4G 95 

0 63 



332 82 

3C0 „ 

1-2343 

16 67 

7 30 

87 38 

169 04 

4G66 

0 64 



326 6!) 

490 „ 

1-2354 

15 89 

8 07 

87 09 

169-21 

46 86 

0 60 



327-72 

530 „ 

1-2360 

15 69 

8 00 

87 64 

169-72 

47-16 

0 62 



328 83 

1,085 „ 

1-2357 

15-54 

7 83 

85 61 

170 66 

47-46 

0 63 

0 32 

327-63 

1,090 „ 

1-2366 

14 95 

7-00 

93 32 

168 9 

47-91 

0 68 


333 08 


The quantities of salts in the Dead Sea are, 
therefore, approximately : 

Potassium chloride . 2,000 million met. tons. 

Magnesium bromide 980 ,, ,, „ 

Sodium chloride . 11,000 

Magnesium chloride 22,000 ,, „ „ 

Calcium chloride . 6,000 „ „ „ 

The liquors left after the separation of the 
carnalhte have a sp gr. of 1-34 and consist of 
about 3 parts of magnesium chloride and 1 part 
of calcium chloride together with magnesium 
bromide. The amount of the latter is then 
about 1-5%. By further solar evaporation 
during the months of July, August, and 
September, magnesium chloride can be separated 
as a network of long crystals which can be easily 
handled. The liquors after such a separation 
contain no more bromine, as magnesium bromide 
crystallises out with magnesium chloride. 

Ortgm . — The origin of the potash and 
bromine, as well as a considerable portion of the 


other salts, is doubtless in the hot springs as is 
indicated bv the analysis of the Tiberias hot 
springs made at the Government Laboratory, 
London. 


Calcium carbonate, CaCOj . 
Calcium sulphate, CaSO ( . 
Calcium chloride, CaCI 2 
Strontium chloride, SrCI 2 . 
Magnesium chloride, MgCl 2 
Magnesium bromide, MgBr 2 
Sodium chloride, NaCl 
Potassium chloride, KCI 


862 
015 
230 
026 
17 03 
055 


Of these salts the concentration of all hut 
the strontium chloride is well known. The 
volume of the springs discharging at the surface 
would not account for the amount of potssh 
which is yearly delivered by the Jordan into 
the Dead Sea, viz. 40,000 tons, for that of the 
Tiberias springs is less than 400 tons. The 
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solution of the problem is, however, indicated j Jordan in passing through the lake becomes 
in analyses which show that the water of the I charged with salts. 


Parts per Million. 


Galilee incomine water. Galilee outgoing Jordan. ^AUenby 


I. Chlorine, Cl 

9-6, NaCl 16 

NaCl 330 

316, NaCl 290 

2. Sodium, Na 

10-0, NaHCO, 13 

117 

3. Magnesium, Mg . 

7-8 

28-5, MgCL 53 

62, MgCI 2 185 

4. Calcium, Ca 

46-0 

48 

73 

5. Sulphate, S0 4 

5-6 

38 

6-3 

6. Carbonate, C0 3 . 

60-0 



165 

7. Bromine, Br 

not detected in 6 litres 

2 

3 

8. Potassium, K 

2-0 

7 

10 


1 to 6, by Irwin ; 7 and 8, by Government Analyst, Jerusalem. 


France. — T he potash mines of Alsace are 
the principal source of bromine in France. 
Mother-liquors utilised in the basin of Mulhouse 
have the following composition : 

KC1 . . .14 per cent. 

NaCl . . .24 „ „ 

CaS0 4 . . . 2-5 „ „ 

MgCI 2 . . . 0-12 „ „ 

2-1 g. bromine per litre. 

There exists still another very abundant 
source of bromine in certain saline lakes of North 
Africa and, in particular, in the Sebkha el Melah 
of Zarzis with a surface of 15,000 hectare. 

The mother-liquors of this lake contain : 

NaCl . . 158 g. per litre. 

Mg$0 4 . . 32 „ „ „ 

NIgClj, . . 141 „ „ „ 

KCI . . . 13 „ „ „ 

2-24 g. bromine per litre. 

The natural density of the liquors is about 
27° Batirne, and they contain as much bromine 
per cubic metre as 40 cu.m, of sea water. 

When they are concentrated to 3G-3 0 B 6 by 
solar evaporation, the content of bromine 
increases to 8 kg. per cu.m. 

Salterns. — The mother -liquors of the salterns 
of the coast of France, after separation of salt, 
have a varying composition with an average 
content of salt as follows : 

NaCl . , 154-24 g. per litre. 

KCI . . 22-12 „ „ „ 

MgCI 2 . . 112-43 „ „ „ 

MgS0 4 . . 77-19 „ „ „ 

NaBr . . 2-74,, „ 

Germany. — The bulk of the world's bromine 
is produced from the potash deposits of Stass- 
flirt, Germany. These deposits extend over an 
area 250 miles long and 140 miles wide in the 
Prussian provinces of Saxony and Hanover. 
The chief potash salts are carnallite, kainite, and 
sylvito; the carnallite may contain about 
0-20% of bromine. As about 1 0 million tons of 
carnallite are mined per year, the amount of 
bromine is 20,000 tons. Only a small pro- 
portion of this is produced, however, owing to 
the restricted market, there being but a dozen 
bromine plants amongst 50 or so companies 


producing potash and operating over 200 
potash mines. 

The mother-liquor left after the extraction 
of potash at the potash works contains about 
0-25% of bromine in the form of magnesium 
bromide. 

German bromine is sold in three grades : 
(1) crude, containing 2-5% of chlorine ; (2) re- 
fined, containing 0-3% ; and (3) chemically 
pure, containing a trace of organic matter but 
no chlorine. 

Composition of mother -liquors. — The com- 
position of mother-liquors utilised in the potash 
mines of the basin of Stassfurt is apparently the 
following : " ’ 

Bitterns called Endlaugen. d 1-31. 

Mgd 2 . . 318 g. per litre. 

Kff°< ' 

.. », * - • 34 ,, ,, ,, 

NaCI • • • 12 „ „ „ 

2-4-5 g. Br per litre in the form of MgBr 2 . 

Bitterns called Urlaugen. d 1-25. 

MgCl a . . 236 g. per litre. 

CaCI 2 . . . n 6>> , f 

S c »- ■ -32,, „ „ 

3-5 g. Br per litre. 

United States.— The production of bromine 
from the bitterns left after salt production has 
been carried on in the United States since 1840, 
principally in the States of Miohigan, Ohio, and 
West Virginia. The brines are of comparatively 
low grade and contain from 0-038-0-180% Ohio, 
from 0-023-0-139% Michigan. Bitterns pro- 
duced, from ocean water at San Diego, California, 
contain about 0-2% of bromine, whilst those 
produced at saltworks in San Francisco Bav 
contain about 0-35%. The two principal com- 
pames are the California Chemical Company 
and the Dow Chemical Company at Midland, 
Michigan, which has in recent vears produced 
about three-quarters of the output of bromine 
m the United States. 

Bromine is now produced directly from sea 
water by the Ethyl Daw Co. Inc. oh the lone, 


. _ * * votuuiut. oea 

water is pumped from the ocean and discharges 










no 


BROMINE. 


into this nver. Various methods were tried, 
but that finally adopted consists of liberating 
the bromine with chlorine and blowing out with 
air. In order to suppress the combination 
of the elements of water with bromine, 
3Br t +3H t O -* HBrO,+ 5HBr, 
the hydrogen ton concentration must be increased 
to a p H of 3 to 4. which is accomplished by the 
addition of 0 27 lb of 96% sulphuric acid to one 
ton of sea water The control with the use of 
such enormous quantities of water is effected 
by measurement of the oxidation potentials 
between a saturated calomel electrode and a 
platinum electrode With 60 to 70 parts per 
million of bromine (3 5% total solids in a 
solution acidified to p H 3 to 4), the potential 
rises to 0 83-0 97 a oils with the complete 
liberation of bromine, both p H and potential 
being show n b) meters The use of aniline as a 
earner of bromine 
3NaBr+3Ct,+C,Hj NH. 

-*■ CjHjBr, NHj-f 3NaCl+3HCI, 
was abandoned, as it involves the use of a 
expensive raw material and requires twice i 
much chlorine In each extraction unit after 
introduction of H,S0 4 and Clj the sea water ts 
pumped to the top of the blowing out tower, 
where it passes in spray s down the tower which 
is filled with wood packing and meets the counter 
current of air , this cames off the bromine to the 
absorption tower, where it passes through suc- 
cessive chambers in which a solution of soda ash 
is circulated in various stages of concentration 
The reaction is represented by the equation : 
3Na,CO J +3Br 1 =5NaBr+NaBrO,+3CO t 
The bromine is then recovered from the salts 
by the usual methods. The capacity of the 
plant, which was 7J short tons per day, is to be 
increased to 10,000 tons per annum 

The bromine is used in the manufacture of 
ethylene dibromide (L. C. Stewart, Ind Eng 
Chem 1934, 20, 368) 

Development or the Bromine industry 
in France. — Before the war there was but one 
small factory operating at Pond de Berre in 
France. Several factories were built during the 
war both in France and Tunis, but these ceased 
their manufacture in 1918, save thatof Salins-de- 
Giraud, which continued and was the only one 
until 1926, when the “ Mines Domimales dc 
Potaase d Alsace ” and the “ Mines de Kali- 
Sainte-Thertee " established factories at Amelie 
and Ensishcim. 

The following details and descriptions of the 
plant and the process for the recovery of the 
bromine are taken from a paper by Kalteobaeh 
(Chim. et Ind 1931, 25, 543), who supplied the 
plant. 

The first plant cona tructed was aimilar to those 
started during the war, but the later models 
ahow considerable improvement*, and they give 
3 or 4 times the production of the old type. 

The essential feature of the process is the 
circulation of the liquors between the solution 
vats and the crystallisation plant, the bromine 
being removed as a by-product en route. As 
bromine is extracted at each passage the content 
decreases progressively until a state of equi- 


librium is reached, when it does not pay to carry 
the process further. The residual liquor then 
contains about 2-1 g. per litre, but can be 
somewhat further reduced in the improved 
plant. The process is based on the displace, 
ment of bromine by gaseous chlorine, which is 
brought into close contact with the mother- 
liquors previously heated to a temperature of 
ebullition. The plant is designed to give con 
tinuous working, and each unit consists of a 
tower made generally of granite in which are 
perforated stoneware slabs through which the 
liquors at a temperature of about 76® fall as a 
spray, while the hot vapours and chlorine 
injected from near the base are forced upwards. 
The various plants are designed to brmg about 
intimate contact between the chlorine and the 
liquor and to effect complete removal of the 
liberated bromine which is then condensed. Jn 
order to effect a gradual ascent of the bromine 
vapour Kubierschky divided the tower into 
compartments, steam being injected at the base 
and chlorine at the third compartment. Com- 
manfcation ia provided for the ascending vapours 





by means of vertical pipes passing from the base 
of each compartment through holes in the 
perforated plates to the top of the compartment 
above, through which steam carries the liberated 
heavier bromine vapour constantly upwards. 
The descent of the mother-liquors between the 
compartments is effected by two water sealed 
valves placed crosswise. The cold liquors 
obtained from a storage basm are raised to a 
temperature of about 70°-76° by exchange of 
heat from the hot exhausted mother-liquors 
which have a discharge temperature of 107° 
(Alsace) and 110°-114° (Stassfurt). 

Neutralisation of mother-liquors. — The ex- 
hausted hot mother -liquors, after leaving the 
column, traverse first of all a cast iron vessel 
filled with iron turnings, which fix any bromine 
earned aw ay in the issuing liquors ; these pass 
into a receptable filled with calcareous atones, 
the purpose of which is to neutralise any 
acidity. A fine stream of thiosulphate of soda 
absorbs the last traces of bromine. 

Na l S,0,+ 8Br+6H.0 

= Na t S0 1 +8HBr+H,SO < 

The hot hquora are finally discharged into a 
heat exchanger (economiser) where their heat Ls 
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partially absorbed by the fresh mother -liquors 
which pass through a series of pipes before 
entering the towers. The bromine vapours, - 
arriving at the top of the column under the 
chlorine recovery compartment, follow a pipe 
in the form of a siphon before passing through a 
serpentine condenser in earthenware from which 
they fall into a separating bottle. 


The liquid bromine mixed with some bromine 
water leaves the condenser and is collected in a 
glass Florentine separating bottle. The bromine 
flows through a lower tube a, while the water 
follows tube 6, which permits of its return 
through the chlorine injection tube, and so 
re-enters the tower (Fig. 1). * " 

It is easy to see that the separating layer 




l Entrance of 
| mother liquor 




16 water- 

sealed 

valves 

Gas 


W///////////m^ passage 
SECTIONAL PLAN 
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between the bromine and water must be at a 
height : 

H_ D density of bromine , 

h d density of the bromine water a ou 

Refining of bromine . — The bromine then flows 
towards a refining apparatus. The operation 
has for its aim the separation of chlorine by 


reheating in a sort of dephlegmator. In fact, 
the chlorine being more volatile than bromine, 
the vapour contains more chlorine than 
bromine : 

P9 CI Cl 
^' 2 B? 1C *' = Br va P‘ 

The apparatus consists of a thick leaden or 
earthenware receptacle filled internally with 
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Lange plates of stoneware (perforated earthen- 
ware) and heated by a steam-bath. The 
bromine is heated progressively up to the 
temperature of about 55°, which is carefully 
controlled. The vapours consisting of a 
mixture of chlorine, bromine, and chloride of 
bromine traverse first of all a serpentine stone- 
ware flux condenser which condenses a certain 
quantity of vaporised bromine, while the mixed 
sapours containing chlorine are conducted to 


the upper compartment of the tower where they 
are absorbed by the entering mother liquors. 

The quantity of chlorine injected into the 
tower is controlled to an appropriate quantity. 
The colour of the bromine water in the separating 
bottle, which is more or less red, furnishes a 
fairly precise indication of any great excess of 
injected chlorine. 

The bromine finally traverses a small 
serpentine lead (or glass) refrigerator, and h 



then collected in a glass storage bottle from 
which the bottles of commerce are filled. 

Mode nj packing . — The bottles into which 
the bromine is drawn have generally a capacity 
of 1,200 c.c. and contain 3 75 Lg. of pure 
bromine. They are of glass, of a brown or blue 
colour, and are provided with ground glass 
stoppers. The packing is done in boxes contain- ! 
ing 4 or G bottles protected by ash or by 
kieselguhr. 

The above description refers to the type 
of plant such a3 was started first in central 


France, m Tunis and Alsace, and is still common 
in Germany. The towers comprising the stone- 
ware plates and the outer shell had a total 
section of 49 sq. dm. and treated about 100 cu m. 
of mother-liquors in 2 1 hours. 

The extraction of bromine was about 70%. 

Eecait tmprotemenls . — In order to assure an 
efficacious reaction between two fluids, it u 
necessary that their contact be also as intimate 
as possible, a condition obtained by increasing 
the surfaces of reaction. Permanence of the 
plant was also required. 
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In the old type of tower the contact between 
the liquid and gas was only imperfectly assured, 
each of them following the path which offers 
the minimum resistance and opposing each 
other only in limited zones. On the other hand, 
the Lunge plates present the unsatisfactory 
condition of retaining only an _ insignificant 
volume of liquid, and _the duration of action 
being therefore very short, reduces to a minimum 
the reciprocal action of gas and liquid. 

In order to remedy these defects the column 
was modified by Walter and Horst, as shown in 



Fig. 3, while the general design of the plant is 
represented by Fig. 4. 

The new arrangement of the column forces 
the gas and the liquids to follow absolutely 
parallel paths, augmenting thus their reciprocal 
notion and increasing the duration of the action 
of the vapours. 

From Fig. 2 it will be seen that the passage 
of gas from one compartment to the next in the 
new plant is made not by tubes but by passages 
built in the partition wall of the column which 
extend through the whole breadth, thus en- 
suring equal pressure and uniform movement of 
the gas and vapour through the compartments. 

On the other hand, the fall of liquid is no 
more effected by two but by a large number of 
water-sealed valves in order to assure from the 
start of the process a uniform distribution of 
liquor over the whole section. 

Vol. II.— 8 


Finally, the compartment plates are arranged 
as indicated in Fig. 5, pierced with conical holes 
surrounded by raised edges, which permit the 
liquid to remain a certain time on the plate, 
thus augmenting the duration of the reaction. 

. The perforations, in consequence of their 
conical form, help to entangle the vapours with 
the liquors, an action also assisted by each hole 
being opposite a plain surface of the lower plate. 
The progress of the liquid is thus arrested after 
each fall. , 

Practical experience has shown plainly the 
remarkable efficiency of this arrangement, which 
permits besides to construct columns as large as 
is desired with the assurance that the efficiency 
of the plant will be maintained. The new 



columns allow 5 cu. m. per sq. dm. to pass in 
24 hours. There is nothing to prevent the con- 
struction of towers to treat 600-700 cu.m., and 
even more, in 24 hours, with the certainty that 
the results will be equally good. 

Working conditions . — Continuous and regular 
working is indispensable in the plant if it is 
desired to obtain maximum output ; also : 

(1) the quantity and temperature of mother- 

liquors must remain constant during 
the process ; 

(2) the volume and the pressure of the 

chlorine and steam should be main- 
tained constant. 

The flow of mother-liquors is regulated by 
accurate valves, and can alto be controlled by 
flow gauges or measurements of inflow and 
discharge. Variations in the economisers are 
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negligible since the temperature of the exhausted 1 
mother liquors remains constant 

In order to regulate the amount of steam it 
is advisable to use pressure regulators such as 
the Area or Askania type, and thus to maintain 
the pressure absolutely constant. It is also 
necessary to see that the regulators remain 
always in a perfect working condition This 
precaution is still more important for regulating 
the quantity of vapour injected directly into the 
column, for, when mother liquors poor in 


bromine are treated, the slightest variation in 
the quantity of injected vapour can either stop 
the release of bromine when the pressure drops 
or cause the passage of tho water vapour into the 
condensation apparatus, which may have dis. 
agreeable consequences. 

Regulation, of chlorine .- — For regulating the 
chlorine a small and extremely simple apparatus 
represented by Fig. 6 is used, the working of 
which is very satisfactory. 

The gas, the speed of which is regulated by a 


Liquid bromine 

Exit- passage for, entrance 
clilonne mixed wito^. 
bromine 


Mother Chimney 



needle valve, enters through a tube pierced 
above the level of the liquid at an appropriate 
height. 

It Is readily seen that the supply of chlorine 
will bo given by the formula ; 

V=KSV2sh 

in which the volume of chlorine V is a function 
of the section S of the hole multiplied by the 
root of the height h. It is therefore this height 
which should be maintained by the workman, 
to the value which will have been fixed for him 
in advance. 

The distribution of chlorine is uncertain, 
especially in towers of great capacity, if the gas 
is all injected through one pipes to assure there- 


fore the relative v alue of the partial currents of 
distribution when a single pipe is emplojed, 
it is sufficient to furnish the bottle with the 
desired number of plunger tubes of distribu- 
tion, each pierced with a hole of appropriate 
dimensions corresponding to the partial flow 
desired. Any lowering of the level in the 
entrance tubo is balanced by an increase in 
height of the liquid m each of the distributing 
tubes. The pressure is regulated by introducing 
water through the funnel, which at the same 
time governs the flow of chlorine and provides a 
means of measuring it. 

Refining of the bromine. —The old refiners 
w ere constituted of thick lead cylinders of 50 cm 
diameter, fitted internally with a stoneware 
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plate and placed in basins heated by steam. 
The volume of liquid bromine amounted to not 
more than 1 c.c. in a second, and its distribution 
over a large transverse surface, and consequently 
its vaporisation, was defective, some of the 
bromine falling directly to the bottom. 

In the new apparatus, Walter reduced the 
section of the container and altered the shape 
of the superimposed plates to an annular basin- 
like form (Figs. 7 and 8), in each of which the 
bromine is forced to remain a certain length of 
time, and offers to the vapours as they pass 
between the successive plates a prolonged- con- 
tact. The issuing vapours mixed with bromine 
and chlorine then traverse a serpentine reflux 
which condenses a part of the bromine, while 
the chlorine continuing on its way is recuper- 
ated by absorption in the mother-liquors, 

Whereas in the old 


When these come into contact with the chlorine 
in the bromine tower they decompose, giving off 
complex products such as chloroform as well as 
carbon dioxide and other gases which disturb 
the working of the process. In order to 
eliminate these, the preliminary acidification of 
the mother-liquors with sulphuric acid has 
sometimes been recommended, but the remedy 
is not complete, and the waters thus treated have 
a troublesome tendency to form foams which 
also hinder the process. The consumption of 
chlorine increases greatly with this type of 
liquor. In practice it rises to 1 kg. or even to 
1-1 kg. per kg. of bromine recuperated in the 
saltern mother-liquors as against a theoretical 
quantity of 0-445. 

With the mother-liquors of Stassfurt the 
consumption is only 0-58-0-60. Those of Alsace 


Bromine 


Discharge of 
sulphuric acid 1 



Level of 
contact surface 

of acid and 
bromine 



type, this absorption 
is effected in the upper 
compartment of the 
tower, in the new type 
the chlorine absorbing 
compartment is re- 
placed by a small 
column (Fig. 8) com- 
pletely independent 
and of small diameter 
and appropriate to the 
volume of chlorine to L evel of bromine 
be absorbed. The 
absorption is effected 
by the cold mother- 
liquors and the en- 
trance to the column 
is no longer from 
above, but through 
one of the inter- 
mediate compartments 
of the tower below the 
bromine exit tube. 

The interior container 
of the small absorbing 
column is similar to 
that of the refiner. 

Another very im- 
portant advantage of 
this arrangement is 
that all the vapours 
issuing from the in- 
terior of the tower 
must traverse the two 

serpentine condensers, whereas in the old 
apparatus bromine vapours frequently escaped 
by the small turret which surmounted the upper 
compartment. 

At tho moment when the bromine vapours 
leave the tower, they are mixed with a certain 
quantity of gaseous chlorine which is dissolved 
by tho bromine only when the latter is con- 
densed into the liquid form and its temperature 
diminished to a certain value. In the im- 
proved plant, condensation is effected in a 
serpentine which is cooled just sufficiently to 
condense the bromine so as to retain only a 
minimum of chlorine which facilitates the 
ultimate refining (Fig. 4). 

Final purification of the bromine.—The 
mother-liquors which serve for the manufacture 
of bromine frequently contain organic matters. 
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consume about 0-60, but with a perfectly 
regulated plant it is possible to work to about 
0'55. The presence of small quantities of 
organic matter contained in the bromine liquid 
itself necessitates final purification. This 
operation is conducted in an apparatus of con- 
tinuous working, placed immediately after tho 
refiner, and which is represented by Fig. 9. 
It consists of two cylinders each supplied with 
small elements. In the first, the bromine is 
treated with sulphuric acid of a very high con- 
centration, in the second it is washed by 
water in order to eliminate the last traces of 
the enclosed acid. It is thus that the disagree- 
ably valerian odour which manifests itself in the 
manufactured bromides from the Alsatian bro- 
mine is completely eliminated. 

The Zarzis mother-liquors which contain only 
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little organic matter consume about 0 55 of 1 
chlorine. 

The manufacture of a substance as dangerous 
as bromine requires particular precautions 
and watchfulness at every instant. The 
slightest leak which manifests itself in a Joint 
necessitates repair for fear of rapidly rendering 
the atmosphere dangerous to respiration. In 
case of breakage of a receiver containing 
bromine, ready means of exit for workers and 
a plentiful supplv of fresh air must be avail 
able It is desirable also to have a solution of 
bisulphite of soda at hand. 

Fig 10 represents the modem bromine 
factory equipped with the most recent devices 
which allows of two towers of great capacity. 

Palestine — The bromine plant installed by 
Palestme Potash Limited on the land at the 
north end of the Dead Sea belongs to the old 
type. The outside wall of the tower is made 
of grey granite slabs or blocks which are fitted 
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carefully together with asbestos packing between 
the joints and are held rigid by means of cast- 
iron angles braced by a framework of steel 
clamps. The height of each tower is generally 
about 6 metres, and the section, according to 
the capacity of production, is from 1-2 sq. m. 
in sectional area The grids which form the 
inside of the tower are either in one or two 
sections, and made of earthenware, and are 
about 2 cm. thick. The holes are about one- 
third of a cm. in diameter and are placed 
2 cm apart ; consequently, when the liquids i 
descend and the gases and vapours ascend, there 
is ample opportunity for an intimate mixture. 
The communicating passages are earthenware 
pipes in the gnd plates, both grid plates and the 
pipe being of the type referred to on p. 112. The 
pipes connecting with the condensing apparatus 
“ ~e either of earthenware or of glass, according 
the size * the mndemintr 5 


The refiners are of a type similar to the 
towers, and are made entirely of earthenware, 
being about three-quarters of a metre in diameter 
and one metre in height. The outer shell « 
earthenware cylinder and, consequently, the 
inside plates which distribute the vapours and 
liquors are circular with holes of the grids con 
structed similarly to those of the tower. In 
addition to refined bromine, part of the pm 
duction is converted into iron bromide, for which 
a special type of plant has been constructed. 
This is put either m iron kegs or in wooden 
barrels. For shipment of the bromine the 
ordinary blue glass bottles are employed. It u 
perhaps worth noting that the mother liquors 
from the separation of camallite contain 1 5% 
of bromine as against 0 3 or less elsewhere; 
consequently, the percentage recovery is high. 

Compounds or Bromine. 

Bromine Oxides. — An oxide, Br,0, is 
formed by the interaction of HgO and a CCI, 
solution of Br. The solution is stable in the 
dark at —20°, but m light or at room tempera, 
tore decomposes : 

Br z O -*■ Br 4 +0 5O 2 ; 
Br t O+CCI, COC1.+ Dtj+CIj 

(Brenschede and Schumacher, 
Z. physihaL Chem. 1933, B, 
29, 356). 

An oxide, (Br s O,)n, has 
been prepared by treatment 
of bromine with ozone at —5° 
to 10® in a closed vessel 
The oxide is stable at -80° 
for several days, it dissolves 
in water forming an acid 
„ solution, titration of which in- 

dicates the formula H t Br t O, 
for the acid (Lewis and 
Schumacher, Z. anorg. Chem. 
1929, 182, 182). 

Bromine Chloride.— The 
fact that a marked diminution 
takes place m the colour of 
bromine on mixing with 
chlorine is a strong argument 
in favour of the formation 
of a compound between 
these halogens. The results of spectro photo- 
metric observations on the colour changes 
suggest the formation of BrCI (Barrat and Stem, 
Proc. Roy. Soc. 1929, A, 122, 582). 

Bromine Fluoride, BrF, prepared by the 
interaction of Br and F at 10° and punned 
from Br, BrF,, and BrF s by fractional con- 
densation. It has b.p. 20° and f p. —33° (Ruff 
and Braida, Z. anorg. Chem. 1933, 214, 81). 

Bromine Trifluoride. — Fluorine unites 
violently with cold bromine vapour (Moissan, 
Ann. Chim. Phys. 1891, [vi], 24, 240) -with 
production of light but little heat I^bean 
(ibid. 1906, [viu], 9, 248) showed that the 
product is bromine trifluoride, BrF s . It is also 
produced by the action of fluorine on potassium 
bromide. BrF s is a colourless liquid, mp 
8 8\d< (liquid) 3 623-0-00277 ( 273 + <),dj (solid) 
3 23 (Ruff, Z. anorg. Chem. 1932, 206, 59) 
The vaponr is strongly irritating and corrosive. 
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Bromine Pentafluoride, BrF has been] 
prepared by heating BrF 3 with F 2 at -00 , 
it is a colourless fuming liquid having m.p. I 
—01-3° b.p. 40-5°, d t 3-496 — 0-00346(273+0 
(Ruff and Menzel, ibid. 1931, 202, 49). 

Iodine Monobromide, I Br, is a hard 
crystalline mass like iodine and has m.p. 36 , 
it cannot be distilled unchanged, and dis- 
sociates even in the solid form (Bomemann, 
Annalen, 1877, 189, 183 ; Jos, Hanus, Z. Nahr.- 
Genussm. 1901, 4, 1913). 

Hydrogen Bromide, HBr, is a colourless, 
pungent gas of irritating smell. The weight 
of a litre at normal temperature and pressure is 
3-6442 g. It fumes strongly in the air and 
condenses to a liquid at —73°. It may be 
obtained synthetically by passing bromine and 
hydrogen through a heated tube or over heated 
platinum. It is best prepared by the action of 
bromine on moistened red phosphorus, 

5Br+P+4H 2 0=H 3 P0 4 +5HBr; 

or by the action of a concentrated solution of 
H 3 P0 4 on KBr ; or by dropping Br upon 
melted paraffin heated to 185°. 

The gas is very soluble in water and the 
solution saturated at 0° forms a colourless, 
strongly acid liquid and contains 68-8+ HBr 
by weight (Roozeboom, Rec. trav. chim. 1885, 
4, 102). 

If the concentrated acid be heated at ordinary 
pressures, the gas is evolved until the amount 
of HBr in the solution sinks to 47-48%, when 
the liquid boils constantly at 124-3°/760 mm. 
(Bonner, Bonner, and Gurney, «T. Amer. Chem. 
Soc. 1933, 55, 1409). Such a solution can be 
prepared as follows : 10 c.c. concentrated 

sulphuric acid are added to 15 g. of KBr and 
0-2 g. SnCl 2 in 25 c.c. H 2 0. After remaining 
overnight the clear liquid is decanted from the 
crystals of KHS0 4 which have separated, and 
distilled, the fraction coming over between 120° 
and 125° being collected. The yield is more than 
90% of the theoretical, and only contains a trace 
of Cl (Drucc, Chem. News, 1923, 126, 1 ; see also 
“Organic Syntheses," I, 2). This proportion 
of HBr corresponds to HBr+5H„O t but the 
liquid is not a true hydrate, since the composition 
is altered by varying tho pressure. The rela- 
tions between the boiling-point, pressure, 
density, and concentration of solutions of hydro- 
gon bromide are indicated in the following 
table (Bonner, Bonner, and Gurney, l.c.) : 


The density and percentage composition of 
aqueous solutions of hydrobromic acid are given 
in the following table' (from International 
Critical Tables, 1928, iii, 55) : 


4 

10 

20 

30 

1-0269 

1-0723 

1-1579 

1-2580 

40 

50 

60 

65 

1-3772 

1-5173 

1-6787 

1-7675 


%HBr 

d 20°/4° 

% HBr 
d 20°/4° 

Hypobromous acid may be prepared by the 
action of bromine water on silver nitrate 
solution or on silver oxide : 

Br 2 + AgN0 3 +H 2 0-> HBrO+AgBr+HN0 3 

and 

2Br 2 +Ag 2 0+H 2 0 -*2HBrO+2-AgBr; 

but the reactions are reversible (Biilmann and . 
Rimbert, Bull. Soc. chim. 1923, [iv], 33, 1465). 

Solutions of hypobromous acid, according 
to Poliak and Doktor (Z. anorg. Chem; 1931, 
198, 89), may be prepared by treatment of 
concentrated silver nitrate solution with 
bromine and distillation of the filtered solution 
in a vacuum. If mercuric oxide be used, the 
mercuric bromide remaining in solution ca-UBes 
reversal of the reaction on heating, whilst silver 
carbonate reacts but slowly and silver oxide 
causes decomposition of the acid. The distillate 
contains also nitric acid, bromine, and hydro- 
bromic acid. The rate of decomposition of 
hypobromous acid diminishes with time. Of 
the two probable modes of decomposition, viz. 

5HBrO -» HBr0 3 +2H 2 0+2Br 2 

and 4HBrO ->-0 2 +2H 2 0+2Br 2 , 

the former predominates in the dark at the 
ordinary temperature ; this reaction is bimole- 
cular and appears to be independent of the 
hydrogen-ion concentration of the solution. 
Bubbling nitrogen through the solution is with- 
out influence. Although bromous acid is a 
probable intermediate product of the decom- 
position, it does not appear to be formed in 
measurable quantity. 

Bromic Acid, HBr0 3 , can be obtained by 
electrolysis of bromine water or of a solution of 
HBr or KBr; by warming a solution of per- 
chloric acid with bromine or by the’ action of 
bromine on -silver bromate suspended in hot 
water : 


Pressure 
in mm. 

B.p. in °C. 

Density at 
25° 

Comp. In 
HBr 

100 

74-12 

| 1-5116 

49-80 

200 

90-35 

1-5030 

49-28 

300 

99-91 

1 1-4961 

48-83 

400 

1 107-00 

1-4908 

48-47 

500 

112-94 

1-4866 

48-19 

600 

117-82 

1-4832 

47-95 

700 

122-00 

1-4802 

47-74 

800 

125-79 

1-4775 

47-56 

900 

129-13 

1-4752 

47-40 

1,000 

132-12 

1-4733 

47-27 

1,100 

134-80 

1-4716 

47-14 

1,200 

137-34 

1-4700 

47-03 


5AgBr0 3 +3Br 2 +3H 2 0=5AgBr+6HBr0 3 

The solution thus obtained is a colourless, 
almost odourless fluid (von Kammer), possessing 
a sour yet caustic taste (Ballard). The water 
solution can be concentrated on a water bath 
with slight decomposition to 4-28% HBr0 3 , 
and when this solution is distilled it gives a 
distillate containing 13-19% HBr0 3 or in 
vacuum a product with 50-59% HBr0 3 . 

Bromine Salt. — In connection with the 
manufacture of bromine a substance commonly 
called “ bromine salt ” is produced which finds 
application in the extraction of gold ores. It is 
practically the mixture NaBr0 3 +2NaBr, and 
is made by mixing the solid product NaBrO a + 

I 5NaBr (obtained by saturating concentrated 
| caustic soda solution with bromine) with 
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sodium bromate, eleetrolytically prepared from 
bromide, and the mixture finely ground and 
packed in kegs. 

Estimation of Bromine in Brine and 
Mother-Liqcofs. 

10-50 c c. of brine acidified mth 3 c e 6A'*HCI 
are titrated m a stoppered bottle with S/10 
sodium hypochlorite in the presence of acetone. 
After each addition from the burette the water 
and acetone mixture is shaken, producing an 
immediate yellow colour which disappears on 
continued shaking The end point is reached 
when the addition of hypochlorite produces 
no yellow colour In this reaction 2 mol of 
chlorine correspond to l mol of bromine in 
the water under test (Ice K/10 hypochlorite 
>=0064 g Br) 

According to Z Szabo (Z anal Chem 1932, 
90. 189), small quantities of bromine can best 
be determined by treating the solution with 
1 g of KHCOj and a measured volume of 
chlorine water (5 mg Ct t per c,c ). The 
solution is evaporated to dryness and the 
residue dissolved in H,0 ; 5 c c of 1% PhOH, 
2-5 mg Kl, and 5 c c 20% H 2 S0 4 are added, 
and the liberated iodine is titrated with 0 001 N 
Na 2 SjOj A correction is applied for the 
amount of Cl, used G S. B. 

BROMINOL. Brominoleum Trade name 
for brominated vegetable oil. Used in skia 
graphy (Abbott, Chicago, Pharmaceutical Pro- 
ducts, London) 

BROMIPIN, BROMOPIN. A combina- 
tion of bromine with sesam4 oil employed in 
medicine. 

BROMITE or BROMYRITE. Native 
silver bromide, found in Mexico and in Chile. 

BROMOBEHENATE. Salbrormn. Cal- 
cium dibromobehenate (29% Br), 

(C st H« t O t Br z ) x Ca. 

BROMOFORM. Tnbromomethane, CHBr s . 
This substance is occasionally met with in the 
liquid left after the rectification of bromine, 
m which it occurs associated with chlorobromo- 
/erm, CH BrjCI (Dyson, J C S. 1883, 43, 46) and 
carbon lelrabromde CBr. (Hamilton, tbtd. 39,48). 

Preparation. — Braraolatm may he obtained hy 
mixing 100 c.c. of soda lye, 200 c c. water, and 
20 cc. bromine. To this yellow solution of 
hypobromite sufficient acetone (about 10 c.c.) 
is added to remove the yellow colour and the 
layer of bromoform which separates is tapped off 
and rectified. Yield 75% (Demgfcs, J. Pharm. 
Cbim 1891, [v], 24, 243) It may also be 
prepared by the simultaneous action of bromine 
and cau«tic potash on alcohol ; of bromine 
and lime on acetone (Bemger, Amer. J Pharm 
1894, 63, EO) ; of calcium hypochlorite and 
potassium bromide on acetone (Fromm, Pharm 
Ztg. 1894,39, 164) ; and by the notion of alkalis 
on bromal Electrolytically, it has been made 
from potassium bromide and alcohol (Fabnk 
\orm Schenng, G.P. 29771) , from potassium 
bromide and acetone (Coughlin, Amer Chem. 
J. 1905, 27, 63 ; and Muller and Loebe, Z 
Elektrochem. 1904, 10,409); and from calcium 
bromide, alcohol and water (Trechzmsky, 
Chem. Zentr. 1907, t, 13) It has also been 
prepared by the action of bromine on chloroform 


n the presence of aluminium chloride (U.SP 
1891415). 

Properties. — Pure bromoform is a colourless 
liquid, d 4 3 2 9000, b p 146 3°/760 mm , setting, 
point +7 4° (Buhmann, Arch Pharm 1928,26$, 
123). Dolezalek and Schulze (Z. physikal Chem. 
1921, 98, 395) assert that the liquid at 25° is 
associated into bimolecules to the extent of 
65% It is decomposed by potash into potassium 
bromide, w ater, and carbon monoxide, and may 
be estimated by means of this decomposition 
(Desgrez, Compt. rend 1897, 125, 780; and 
Richaud, J. Pharm Chim. 1899, [\ 1], 5, 232) 
Under the influence of light and air it deeom 
poses, the decomposition products depending on 
the time of exposure and the amount of av ailable 
oxygen (Schoorl and van den Berg, Chem. 
Zentr. 1906, j, 441). It has been shown by 
Tseng (Nat. Centr. Umv. Sei. Rep. 1931, A, 1, 
No. 2, 1) that bromoform does not react with 
magnesium in ether. Numerous molar addition 
products have been described (Steinhopf and 
Bessantsch, J. pr. Chem. 1925, 109, 230; 1930, 
127, 337 , IVeissenberger et al , Monatsh. 1926, 
46,281 ; Sachs and Balassa.Z. anorg. Chem. 1926, 
152, 180) It has been used to a slight extent 
as an anesthetic, in the treatment of uiphthena, 
and in cases of whooping cough 

It has been shown to be a more efficient 
germicide than chloroform (Kudieke and 
\Veise, Arch Schiffs. Tropen Hyg 1926, 39, 
231). 

BROMOPHIN. Evporphn. Apomorphine 
methyl bromide. 

BROMOPRENE t. Butadienes and 
Polyolefins (conjugated) 

BROMOSTYROL (o-BromostyrENE) 
This largely used synthetic perfume is also known 
as artificial hy a cm thin, is ol a powerful but 
somewhat coarse hyacinth odour. It is the 
a-broinophenylethylene, the fi isomer is pre 
pared but is not much used in perfumery. 
Fine hyacinth perfumes are made with phenyl- 
acetaldehyde rather than with bromostyroh 
Bromostyrol is used in the cheaper types of 
narcissus, jonquil and hyacinth perfumes 
Formula, C e H s CH.CHBr; bp. 221°; »PgV- 
1-425 v ref index, 1-6030. E. J- P- 

BROMSULPHALE1N. Disodium phenol- 
tetrabromphthale^n sulphonate, 

O CO C 8 Hj C[C 6 H,(OH)SO,Na], 

A white crystalline powder, containing 37% of 
bromine ; soluble in water, insoluble jn alcohol 
or acetone. Liver function diagnosis. 

BRO MURAL. Trade name for a a mono 
bromMotalerylurea. Employed as a hypnotic. 
Forms white needles, slightly bitter in taste ; 
readily soluble in hot w ater, alcohol, and ether, 
sparingly soluble m cold water ; m.p. 147°. 

BRONNER'S ACID, 2-naphthyIamine 6- 
sulphomc acid. 

BRONZE POWDERS. These are also 
known as gold powders, and consist of alloys 
produced in a fine state of division, used . w 
decorative work in various industries. They 
vary’ considerably in composition, and generally 
consist of brasses rather than bronzes, their 
usual composition lying between 70-85 /fl 
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copper mid 30-15% zinc; small quantities of 
tin, lead, antimony, arsenic, iron, bismuth, 
and aluminium are frequently also present. 

BROOKITE. A crystalline form of 
titanium oxide. 

BROSIMUM GALACTODENDRON 

(Fam. Moraeere). (Cow-tree, milk-tree.) The 
milky juice is much used in S. America as a 
substitute for cream. The dried material con- 
tains “ gutta ” 5-5% and resin 83-2%. This 
could be used as a substitute for pontianic in 
the rubber industry (Bull. Imp. Inst. 1919, 17, 
294). 

BROUSSONETIA PAPYR1FERA 

(Vent.). The Paper mulberry. The fibrous bark 
is used in China and Japan for the manufacture 
of a kind of paper, and in Polynesia in the manu- 
facture ofTapa cloth. 

BROVALOL. Bornyl a-bromoisovalerate. 
A colourless, oily liquid, soluble in alcohol, chloro- 
form, ether ; insoluble in water. Sedative. 

BROWN ACID (Brown oil of vitriol, 
B.O.V.). Crude sulphuric acid, sp.gr. about 
T72, containing about 80% H„SO,. 

BROWN BERRIES. The fruit of Rubns 
fruticosus. 

BROWN, CALEDONIAN. Mineral pig- 
ment composed chiefly of manganese and iron 
oxides and hydroxides. 

BROWN CAPPAGH. Highly mangani- 
ferous and ferruginous earth obtained from the 
Cappagh mine in Ireland. Used as a pigment. 

BROWN, VANDYKE. A bituminous 
ferruginous earth used as a pigment. 

BROWN B. (Cibanone Yellow R) v. Anthba- 
quinoke Dyestuffs. 

BROWN G.R.B.R. (Indanlhrene Orange 
6 RTK) v. Anthbaquinone Dyestuffs. 

BROWN R. ( Caledon Olive R) v. Anthka- 
quinoke Dyestuffs. 

BRUCINE. One of the chief constituents 
of Nux vomica. 

B R UC I T E . Native magnesium hydroxide, 
Mg(OH) 2 , found as platy crystals with perfect 
micaceous cleavage, or as lamellar masses, in 
serpentine rocks, at Unst, one of the Shetland 
Isles, at Texas in Pennsylvania, etc. It some- 
times contains a small amount of iron (ferro- 
brucite) or manganese (manganbrucile). A 
fibrous variety is called nemalite ; L. J. S. 

BRUNNER’S SALT. A double sulphide 
of mercury and potassium, HgS-K 2 S,5H 2 0, 
prepared by dissolving vermilion in a solution of 
potassium monosulphide. 

BRUNSWICK BLACK is prepared by 
fusing 2 lb. of asphalt and mixing thoroughly 
with 1 pint of hot boiled oil. When cool, 2 pints 
of turpentine are added to the mixture. An 
inferior but cheaper black may be made by 
boiling gently together for five hours 25 lb. 
each of black pitch and gas tar asphaltum ; 
8 gallons of linseed oil, and 10 lb. each of litharge 
and red lead are then mixed in, and the whole 
boiled. After cooling, the mixture is thinned 
by the addition of 20 gallons of turpentine 
(v. also Boxe Oil). 

BRUNSWICK GREEN. An oxychloride 
of copper, used as a pigment. Copper filings or 
turnings are moistened with a solution of sal- 
ammoniac, and left in contact with the air ; the 
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oxychloride so formed is washed off with water, 
and dried at a gentle heat. The term is, how- 
ever, usually applied to a mixture of chrome 
yellow and Prussian blue. 

BRUSH 1TE. A hydrated phosphate of lime, 
HCaP0 4 ,2H 2 0, occurring in the guano of Aves 
Island and Sombrero in the Caribbean Sea. 

BRUSSELS SPROUTS. A cabbage 
variety {Brassica oleracea) in which numerous 
small heads are developed along a main stalk. 
The edible portion contains, according to 
American analyses : 

Water. Protein. Fat. Carbohydrates. Ash. 

88-2 4-7 1-1 4-3 1-7 

The leaves contain a wax shown by Sahai and 
Chibnall (Biochem. J. 1932, 26, 403) to contain 
»t-nonacosane, 15-nonacosanone, 15-nonacosanol, 
ceryl alcohol, cerotic acid, and probably n- 
bcntriacontane. A. G. Po. 

BRYOIDIN, C 21 H 42 0 3 . A crystalline con- 
stituent of Manilla clemi, m.p. 135-5°. 

BRYONY ROOT was employed from early 
times for its cathartic properties but has 
gradually fallen into disuse. The plants yielding 
the root are Bryonia alba and B. dioica, the latter 
being designated as English bryony (English 
mandrake). The roots of B. dioica contain a 
number of enzymes, including amylase, inver- 
tasc, and peroxydase (Girardet, J. Pharm. Chim. 
1924, [vii], 30, 75). Several investigations have 
been carried out on the roots (Silber, Disserta- 
tion, Erlangen, 1894 ; Power and Moore, J.C.S. 
1911, 99, 937 ; Zellner et al.. Arch. Pharm. 1927, 
265, 27 ; Chazc, Compt. rend. 1932, 195, 825 ; 
Angeletti and Ponte, Gazzetta, 1934, 64, 569) 
but without any marked success. Among the 
many substances isolated may be mentioned an 
alkaloid-like principle, a glucoside, bryonin, 
C 48 H cc O ] 8 , which gives rise to glucose and an 
aglucone, bryogenin, C 30 H 46 O 6 ; a sterol, m.p. 
159° ; an alcohol, bryonol, C 22 H 34 0 2 (0H) 2 , m.p. 
210°-212°; a mixture of fatty acids, containing 
oleic, linoleic, palmitic and stearic acids ; and 
two isomeric substances a-bryon, m.p. 300°- 
301°, and fi-bryon, m.p. 292°-293°. The activity 
of the root cannot, however, be attributed to 
any one of these substances. 

BUCHU or BUCCO. The leaves of three 
varieties of Barosrna (ord. Kutacere), viz. B. 
belvlina Bart! et Wendl. f., B. crenulata Hook., 
and B. serratifolia Willd., are known under this 
name. The leaves arc used medicinally by the 
South African natives. 

Their composition has been studied by 
Brandes (Arch. d. N. Apoth. Ver. 22, 229), 
Landerer (Buchner’s Kepert. 84, 63), Fliickiger 
(Pharm. J. 1874, fin), 4, 689; 1881, [iii], 11, 219), 
Wavnc (ibid. 1876, [iii], 6, 723). By extracting 
the leaves with light petroleum, Bialobrzeski 
(Chem. Zentr. 1896, ii, 551) obtained chlorophyll, 
a resin, and an ethereal oil containing chiefly 
diosphenol, together with a terpene C 10 H 18 , b.p. 
174°-176°, and a ketone isomeric with menthone, 
and having the constitution b.p. 206°— 

209° ; it yields an oxime and a tribromo-deriva- 
tive. After extraction with light petroleum, 
the leaves, on treatment with cold alcohol, 
yield 3% of a brownish-green bitter resin in- 
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soluble in benzene, anti when the alcoholic' 
extract is treated with sodium carbonate or 
by other methods diosmin is deposited, forming 
tasteless, odourless crjstals, m p 244°. 

According to Kondakoff and Bochtscbiew 
(J. pr. Chem, 1901 fuj. 63, 49), the best oil 
of bucco or buchu leaves contains 10% of 
hydrocarbons, consisting of a variety of d 
limonene and dipentene ; 60% of a ketone 
C, 0 H ls O, (aJo, -16° 6', bp 20S5°-209 5°. 
which, on reduction, yields a menthol not identi- 
cal with the natural product , 20% of dios 
phenol (q v ) ; 5% of resin , and 5% of other 
constituents (Kondakoff, J pr. Chem 1896, [u], ; 
54, 433) After removing diosphenol from the oil 1 
of buchu leaves, Tsehugaeff succeeded in obtain 
ing xanthogenide derivatives of d menthol from 
a fraction of the residue (J Ru'S Phis Chem 
Soc. 1910, 42, 714 , Skorttrtsoff, i bid h, 33) 

BUCHU, ESSENTIAL OIL OF. The 
oil distilled from various species of Baroama, 
B betuhna Thunb , B rrenufota Thunb , and 
B. secret if oha UiUd (Fam Rutace*) These 
shrubs are indigenous to the south west moun 
tamous regions of the Cajie of Good Hope. 
Yield 0 8-2 5% Chaiacters sp gr 018- 970, 


optical rotation —12® to —36°, %, I 474-1 4R6 
The oil from B. betuhna deposits a crystalline 
mass of diosphenol ; the oils from the other two 
species contain less diosphenol and remain liquid. 

Constituents: d-limonene, dipentene, /-men- 
thone, and diosphenol. The latter is also known 
as buchu camphor and when re crystallised 
has m p. 83°-84°. Its alcoholic solution gives a 
green colour with ferric chloride, reduces 
ammoniacal solution of silver nitrate, and 
restores the red colour to decolourised fuchsine 
solution. It gives an oxime hut no semi 
carbazone. It has the properties of a ketone- 
phenol C. T. B. 

BUCKTHORN is the fruit of Rftamnus 
catharlxcus Linn. (Fam. Rhamnacese); it con- 
tains dextrose, emodin, emodmanthranol, 
rhamnoxanthol, jesterm, rhamnocathartin, 
rhamnetin, santhorhamnin, and quercetm. The 
juice is nsed as a laxative in veterinary practice 
(B.P.C. 1934). 

BUCKWHEAT (Fagopyrum esculentum). 
The seed is grown as a poultiy food or for cattle 
and m America is milled for flour used in 
preparing buckwheat cakes. Kellner records 
analyses of buckwheat and its milling offals : 



Water 

Protein. 

Fat 

Carbo- 

hydrates 

Fibre 

Ash 

Seed 

141 

11-3 

26 

648 

14 4 

28 

Fine meal 

14 7 

86 

1 9 

72 C 

08 

1 4 

Coarse meal 

12 0 

31 8 

84 

38 3 

48 

47 

Fine bran 

12 0 

15 2 

45 

50 0 

113 

70 

Coarse bran 

15 6 

80 

18 

34 2 

37 C 

28 

Husks 

13 2 

4 6 

1 1 

35 4 

43 5 

22 

Straw 

10 0 

48 

1*2 

34 r. 

38 2 

5 2 

V hole plant m flower 

83 7 

2 5 

06 

7 S 

4$ 

M 

Whole plant as hay . 

14 0 

10 5 

2 1 

33 G 

31 4 

64 


American data aie given by Coc (U.S. Dept. 
Agne Circ. 1931, No. 190). 

The carbohydrate material consists largely 
of starch, the grains of which have a charac- 
teristic shape. 

The nitrogen distribution in buckwheat is 
shown by Hara (Imp Japan Inst. Nutrition, 
Bull soc hyg. aliment. 1927, 15, 481, 524) 
to be as follows : amino- 8 2, humzn 7 6, 
cy stine 1 8, arginine 23 8, histidine 2 4, 
lysine 3 2, monoamino 40 5, and non amino- 
13 6%. Johns ami Chemoff (J. Biol Chem 
1918, 34, 439) separated the globulins which 
had the follow mg partition values : arginine 
13, histidine 0 6, Ij sine 7 9, and cystine 1%. 
Small amounts of tryptophan were de 
tected. 

Pared and Cosmo (Ital Agric. 1930, No. 5) 
find the colouring matter of buckw heat to con- 
tain a red anthocyamn, the chromogen of which 
is a yellow powder and yields galactose on 
hydrolysis. A. G. Po 

BUFAG1N, C, 9 H m O„ rap. 220°-221°, a 
toad venom, 

BUFFER SOLUTIONS. Tho“ acidity” 
of a solution origunllv referred to its taste, 
but it is noiv used synonymously for the hydro- 
gen ion concentration, and R. Dietzel (Kolloid 


Z 1926, 40, 240) has show n that the reaction on 
the tongue is indeed proportional to the 
hydrogen ion concentration. In the case of 
strong solutions of acids and alkalis the acidity 
or alkalinity will be proportional to the con 
centration and will not be very much changed 
by the addition of small amounts of foreign 
material Once the hydrogen ion concentration 
has been determined for a given dilution a similar 
solution can bo made up by the methods of 
volumetric analy sis. In solutions that are nearly 
neutral the concentration of acid or alkali is 
very small indeed, and impurities may then have 
a large effect, as carbon dioxide can be taken up 
from the air and alkali from a glass container. 
Such impurities cannot easily be eliminated, and 
it is better to devise solutions where the 
hydrogen ion concentration changes as slowly 
as possible compared with the amount of acid 
or alkali added. These liquids, that have a 
reserve of acidity or alkalinity', are known as 
buffer Solutions (E. IV- Washburn, J. Amer. 
Chem. Soc. 1903, 30, 31). Once standardised 
they are readily made up, and can he nsed to 
measure the hydrogen ion concentration of other 
solutions if the colour of an indicator in the two 
solutions is compared in a suitable apparatus, 
“ Comparator.” 
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In any aqueous solution the concentration of 
the hydrogen ion (H*) multiplied by that of the 
hydroxyl ion (OH') is a constant K w , known as 
tho ionic product for water. At 22°C. the value 
of Kjo is 1 X 10 -14 if ( H + ) and ( O H') are expressed 
in g.mols./litre. In a neutral solution the 
concentrations of hydrogen and hydroxyl ion 
must bo equal, i.e. (H + _)=(OH')=VK W =10~ 7 
g.mols./litre. A convenient scale with which 
to measure hydrogen ion concentration was 
introduced by Sorensen who defined the p K 
unit as : 

log [PFp~ lo s ( H+ )=^h 

Thus the normal range of acidity to alkalinity 
is covered on a scale of 1 to 14, the p R of a 
neutral solution being very close to 7, at 22°C., 
but changing slightly with the temperature. 
The dissociation of a weak acid HAc can be 
calculated with fair accuracy if mass action 
conceptions be applied to the equilibrium 

HAc^H + +Ac'. 

If the concentrations of the three molecular 


species bo represented by ( H + ), (Ac'), and 
(HAc), we have according to the Ostwald 
dilution law, 


(H+)(Ac') 

(HAc) 


=K a . 


For acetic acid K rt = 1-8 X 10~ 5 , and consequently 
with reasonably strong solutions almost all the 
acid will he present as undissociated molecules. 
A solution of its alkali salt, on the other hand, is a 
strong electrolyte, and would be completely 
dissociated into metal and acetate ions. A 
solution of a weak acid and one of its alkali salts 
is a typical buffer solution, and its p u can be 
calculated approximately from the concentra- 
tions of acid and salt and the value of K a for 
tho acid. We have seen that :. 


(H+)(Ac') 

" (HAc) 

. 1 (Ac') 

Rearranging, 

taking logarithms, 

. (Ac') 

^ =l0g (HAF)- l0gKn - 
As a further approximation we may put 
(Ac')=gross concentration of salt; 
(H Ac)=gross concentration of acid. 


Therefore, 

concentration of salt . „ 

Pr— °g concentration of acid a 

Since the above calculation is based on the 
Ostwald dilution law it will break down when 
that law is invalid. More accurate calculations 
have been made on the basis of the Debye- 
Hiickel theory of electrolytes by C. Morton 
(Trans. Faraday Soc. 1928, 24, 14), E. J. Cohn 
(J. Amer. Chem. Soc. 1927, 49, 173), and I. M. 
Kolthoff (Biochem. Z. 1928, 195, 238). The 
above treatment applies equally to a buffer on 
the alkaline side which would consist of a weak 
base mixed with a salt of that base with a strong 
acid. 

The expression deduced indicates that the 
p R of a buffer solution depends solely on the 
relative amounts of the chemicals present and 
that there should be no change on dilution. 
Actually there are small variations with the 
actual concentrations, as shown by I. M. 
Kolthoff (l.c.) for the p H of solutions containing 
equimolecular proportions of acetic acid and 
sodium acetate. 


Normality 

A/10 

A/20 

A/40 

A/100 

A/200 

A/400 

' • 

4-61 

403 

4-65 

4-C8 

4-69 

4-70 


He obtained similar variations with other 
buffer solutions and showed that all of them 
could be calculated to within a few hundredths 
of a p a unit on the basis of the Debye-Hiickel 
theory of electrolytes. 

Variations in the p H value would be expected 
as the temperature changed owing to the 
known variations in K a and K«|. With many 
buffers these variations are small compared with 
other errors. Thus L. E. Walbum (Biochem. Z. 
1920, 107, 219) reported that the effect was 
negligible with the solutions recommended by 
Sorensen ; a similar result was found by I. M. 
Kolthoff and F. Tekelenburg (Rec. trav. chim. 
1927, 46, 33) except in the case of glycine 
sodium hydroxide mixtures. That there can be 
appreciable changes introduced by temperature 
fluctuations is shown by the work of S. W. 
Brujevicz and N. P. Karpova (Biochem. Z. 
1932, 251, 60) who measured the p B of buffer 
solutions in common use at three temperatures. 
Some of their results are given in the table 
below, which shows the changes in p R of several 
buffer solutions at three temperatures. 
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In the neighbourhood of room temperature Mcllvaine (J. Biol Chem. 1921, 49, 183). 
the delation is generally not large, but there is This last buffer is easy to prepare and covers a 
no doubt that care should be taken in controlling wide range. K. H. Slotta and W. Franke (Ber 
the temperature during measurements involving 1931, 64, [BJ, 452) have redetermined the 
the use of buffers values obtained when a 0 2 molar solution of 

The p K of buffer solutions may also be secondary sodium phosphate is mixed with a 
considerably changed bv the presence of materials 0 1 molar solution of citric acid. Since the buffer 
that are not themselves acid or alkaline, eg is a useful one their results are given in the 
certain salts and proteins. Haynes (Bioehem table below 

Z 1921, 15, 440) showed that the p H of phosphate - 

and acetate buffer solutions was lowered when c e ° u 2 pr* r ec 0 1 molar J>h of resulting 
any of the chlorides of the alkalis or alkaline citric acid mllrture 

earths were mixed with them J B O’Sullivan 0 79 4 21 2 88 

(Trans Faraday &oe 1928, 24, 298) obtained j 24 3 7G 3 20 

even larger changes with other salts of nickel j gj 3 3^ 3 57 

and aluminium Thus a 0 85 nickel sulphate j.qj 3 07 3 92 

solution and 0 2 molar acetic acid sodium 2 21 2 97 4 27 

acetate buffer each had a p a value of *>0, 2 47 2-53 4 66 

but after mixing this had dropped to 4 4 The GS *’32 5 01 

formation of complex salts may a!«o cause con- J 00 o jq 3 ^ j 

siderable deviations Thus Kolthoff (Bioehem « »« T R1 - cu 

Z. 1928, 195, 233) has shown that citnc acid will 3 g ^ » 

bnk with organic compounds containing _j 1 q gg 007 

hvdroxvl groups («e also L Michaehs, Bioehem , fi T I « 00 <7.40 

Z 1931, 2I4, 139) “3 < J" 333 

The most important practical use of buffer 

solutions is to provide a senes of standards with , , „ , , _ , . _ ... 

rt.ri, th'colourtf. ,0 a.UtmkaU'm tbe* A '"“P ' of ‘“ S " ’ 

solutions and in „ , 0 l„„o„ of unkno^i p„ mat ^«»l, to content nnd revering be 

be compared A variety of mixtures is available £a o: ‘ * t - * 1 bas be . e " < ^. v,s . ed b / A ‘ TIJIt 
for this purpose, and only the more important ® , G .' C ° cb Electrochem 1934, 

ones will be dealt with here Whatever fixture °°> (r '!£«>■ , V b f 8cen tbat a11 tb * 
is chosen it is essential that very pure chemicals solutions can be made by weighing out the appro- 


and water be employed in making it up The P nate ea * ,s 

first senes of buffer solutions for a p H range of Solution 1 is 0 05 molar with respect to oxalic 

1-10 was devised by Sorensen (Bioehem Z acid, and 0 20 molar with respect to bone acid 

1909, 21, 131 . 22, 352 , Ergebn l’hysiol 1912, Solution 2 is 0 20 molar with respect to bone 
12, 393). This has been widely used together aud. 0 05 molar with respect to sodium sulphate, 
with the excellent sodium acetate acetic acid and 0 05 molar with respect to succinic acid 
mixtures due to G S Walpole (J.CS 1914, Solution 3 is 0 05 molar with respect to borax. 

105, 2501, 2521). The bone acid-borax mixtures Solution 4 is 0 05 molar with respect to sodium 

of S Patitzsch are also well known (Bioehem carbonate. 

Z 1915, 70, 333) and the disodiutn hydrogen The p a values of the solutions obtained on 
phosphate citric acid senes introduced by T. C. mixing arc shown in the following table 
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Other buffer solutions of importance are 
succinic acid — borax p H 3-5-8, and succinic acid 
— potassium dihydrogen phosphate p H 5-8- 
9-2 (I. M. Kolthoff, J. Biol. Chem. 1925, 63, 
135); potassium citrate — hydrochloric acid p H 
2-2-3-G (I. M. Kolthoff and J. J. Vleeschhomver, 
Chem. Weekblad. 1926, 23, 510; 1927, 24, 78) ; 
disodium hydrogen phosphate-sodium hydroxide 
p H 11-12, and sodium carbonate-borax p n 9-11 
(ibid, idein. 1927, 24, 526) ; sodium acetate- 
veronal p u 2-62-9-64 (L. Michaelis, Biochem. Z. 
1931, 234, 139) ; phenyl acetic acid and its 
sodium salt p H 3-2-4-7 (W. L. German and 
A. I. Vogel, J.C.S. 1935, 912). 

E. B. R. Prideaux and Ward (J.C.S. 1924, 
125, 426) introduced a solution in which the p H 
changed regularly with the amount of caustic 
soda added between p H 3 and 11. On account 
of this property the mixture was termed a 
“ Universal Buffer Mixture.” H. T. S. Britton 
and R. A. Robinson (J.C.S. 1931, 1456) 
found that errors of as much as 0-2 of a p l{ unit 
were possible when the above buffer was used 
and they suggested a modified mixture which 
may now be purchased ready for immediate 
use. It is seldom, however, that it is necessary 
to work over such a wide p H range and con- 
sequently the “ universal mixtures ” are 
normally no more convenient than a simple 
buffer solution. 

Many physiological processes can only occur 
within narrow p n limits and the control of p n is 
of vital importance in the animal body. The 
blood normally has p H between 7-3 and 7-4 
and has considerable buffer power owing to the 
presence of alkali hydrogen carbonate and 
carbonic acid. During violent exercise the CO a 
accumulates and the p H falls somewhat, but the 
subsequent panting leads to rapid removal of 
CO a through the lungs, and the blood stream 
may then be temporarily on the alkaline side. 
In certain types of disease the alkali bicarbonate 
is attacked by the acids produced in the system, 
the buffering action of the blood falls off and a 
condition of acidosis intervenes. In such cases 
the Pu of the blood may drop below 7-0. Any 
severe abnormality as, for example, surgical 
anaisthesia and traumatic shock, will produce 
changes in the p H and the alkali reserve of the 
blood, but the precise significance of these 
changes is not clear and for further information 
the bibliography should be consulted. 

Bibliography. — H. T. S. Britton, “ Hydrogen 
Ions,” Chapman and Hall ; W. M. Clark, “ The 
Determination of Hydrogen Ions,” Williams and 
Wilkins, Baltimore ; F. D. Snell, “ Colorimetric 
Analysis,” Chapman and Hall ; J. H. Austin 
and G. E. Cullen, “ Hydrogen Ion Concentration 
of the Blood in Health and Disease,” Williams 
and Wilkins ; C. Lovatt Evans, “ Recent 
Advances in Physiology,” Chap. V, J. and A. 
Churchill. ‘ ' R. H. P. 

BUILDING MATERIALS. — There are a 
number of natural and artificial materials, 
which, for the sake of convenience, may be 
grouped under the general heading Building 
Materials ; not that their use is restricted to 
building or engineering work, but because here 
they find a major, if not their principal, applica- 
tion. A sub-division of building products into 
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“ traditional ” and “ modern ” materials may 
be attempted, but the division is by no means 
rigid. Bricks, lime, and natural stones would 
fall into the former class ; Portland cement 
and some gypsum plasters into the latter. 
Many of the traditional materials have been 
markedly improved of modified in recent times 
and in both traditional and modern products 
the activities of the technician are involved 
either in production or the testing of finished 
products, or both. Amongst recent develop- 
ments may be mentioned the production of lime 
in the form of dry hydrates, the use of tunnel 
kilns in brick manufacture, the introduction of 
aluminous cement. These features will be 
referred to in the individual sections which 
follow. 

The present section on Building Materials 
comprises the following articles : 

I. Bricks and Clay Products. 

II. Calcium Sulphate Plasters and Cements. 

III. Lime. 

IV. Magnesium Oxychloride Cement. 

V. Natural Stones. 

VI. Portland and other Hydraulic Cements 

and Concretes. 

VII. Sand-lime Bricks. 

(Asphalt and Bitumen are dealt with 
in a separate article, Vol. I, 516-517). 

F. L. B. 

I. Bricks and Clay Products. 

The principal building materials made of fired 
clay are bricks, tiles and terra-cotta, but other 
important products are drainpipes, floor and 
wall tiles, and sanitary ware such as baths. 
The products may be glazed or unglazed. 
Vitreous enamelled goods, although, in a sense, 
ceramic materials, are not considered in the 
present article. 

Bricks may be classified according to their 
intended purpose, and they then fall into the 
broad groups of engineering bricks, facing bricks, 
and common bricks. This broad classification 
has been adopted later when considering the 
properties of the finished products. In the study 
of manufacturing processes it is more convenient 
to group the products according to methods of 
manufacture, since some processes are common 
to many products. 

Raw Materials and Preparation. 

Common bricks can be made from almost any 
clay or shale provided the process is suitably 
adjusted to the raw material, but the other 
products require clays of definite characteristics 
such as colour, texture, plasticity, and regularity 
of shrinkage. The required properties are often 
obtained by blending several clays. 

V here the clay deposit is homogeneous, 
mechanical excavation is possible, but in the 
majority of pits the diversity of the deposits 
renders hand excavation necessary. 

After winning, the -clay is ground, blended, 
and tempered with water, these processes having 
largely superseded weathering, which is too costly 
for all but the more expensive facing bricks, 
tiles, and terra-cotta. Grinding is carried out 
(1) in pan-mills, the bottom plate of which is 
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either solid or perforated to act a* a sieve, or 
(2) in “ rolls ” A modem method is the use of 
“ differential ” rolls, that is, mills with one roll 
rotating faster than the other. After being 
ground the clays are blended and tempered by 
the addition of vs ater varying from 10 per cent 
m the case of dry pressed clays to 30 per cent 
where the clay is intended for hand moulding. 

Moulding. 

Clay working processes fall into three groups, 
vi 2 (1) fully plastic, (2) semi plastic, and (3) dry 
pressed methods 

The fully plastic methods are used for hand 
mado bricks and tiles, and abo terra cotta, and 
the heavier sanitary goods made by hand. For 
bricks and tiles the soft clay is thrown into a 
sanded wooden mould which is then removed 
Various sands are used to give different tenures 
and colours. Terra cotta and sanitary goods are 
mado by pressing the clay into a plaster mould 
which is removed after the clay has dned and 
shrunk somewhat 

Mechanical processes of working plastic clay 
include the “ soft mud " process which imitates 
hand brick making, and the wire-cut process 
In this latter process the clay paste containing 
from 15 to 20% of water is extruded through a 
die and the ribbon is cut into suitable lengths. 
This process is used for tho manufacture of 
bricks, tiles, and all forms of hollow bricks, 
drainpipes, and conduits. In the dry-pros 
process the clay containing 10% water is 
ground to A in. or Bmatler and then pressed in 
steel moulds. The method is used largely for 
the manufacture of fletton bricks and wall or 
floor tiles Engineering and other dense bricks 
are often made by re pressing partly dry, but still 
plastic, wire -cut bricks. 

Drying, 

Goods mado by plastic and semi plastic 
methods require to bo dried before being fired 
Dry pressed good3 are usually set straight in the 
kiln. Open air dry mg is in use to a great extent 
m seasonal yards operating from spring to 
autumn, but is rapidly giving way to mechanical 
processes where the products are dried at 
schedule rates under controlled conditions of 
temperature and humidity. The mechanical 
dryers may be either of the intermittent or of 
the chamber types, in which the goods remain 
stationary during tho whole process, or the 
continuous or tunnel dryer where the goods 
travel on cars through a tunnel whose different 
sections are maintained at steady states of 
temperature and humidity. Terra cotta and 
heavy Banitary goods are dried on heated 
floors. During drying the goods undergo from 
5 to 10% linear shrinkage. A discussion of 
dryers is given by Brown, “Science and 
Practice of Drying,” Clayw orkcr Press, London, 
1933. 

Firing. 

The simplest method of finng is the “clamp** 
as used, for example, for firing London Stock 
bricks. A stack is built of bricks and fuel laid 
in alternate layer*, an operation requiring great 


skill and experience, and the stack is then 
allowed to bum through. A proportion of fuel 
is mixed with the clay used for making the 
bricks. Permanent intermittent kilns are used 
for certain facing biicks, and most tiles and 



Fig. A. 


terra-cotta This type of kiln is more suitable for 
firing goods which need varied treatment such 
as alternate oxidation or reduction during firing 
(Iig A) 

The most popular kiln for brick burning h the 
Hofman type continuous kiln (Fig B). This 



consists of a circular or oval tunnel round which 
the fire travels continuously. Fuel is usually 
fed through holes m the loof, and an for com 
bustion is pre heated by being diawn over the 
hot fired bricks. The hot furnace gases aie 



draw n over the unfired bricks before being taken 
out to the chimney. 

Developments of this kiln are the chamber 
kiln fired from the side, the use of producer gas 
instead of coal, automatic stokers for coal-fir™ 
kilns, and the Zig-Zag kiln (Fig C). 



Fio. D. 


The tunnel continuous kiln (Fig. D) is on 'f 
used to a small extent for bricks hut more 
commonly for firing sanitary goods. In *nw 
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kiln the fire is maintained steady at a point 
almost half-way along a tunnel through which 
the goods travel on -steel cars protected by a 
refractory platform. During their passage the 
ware is slowly heated and slowly cooled. 

Both types of continuous kiln are economical, 
consuming from 4 to 6 cwt. of coal per 1,000 
bricks as compared with 10 to 12 cwt. consumed 
by intermittent kilns. The time of firing varies 
from 2 to 4 days in a tunnel kiln, from 7 to 14 
days in an intermittent kiln, and from 14 days 
to 0 weeks for a complete circuit of a Hofman 
type kiln. 

Descriptions of kilns are given by Singer, 
“ Die Tunnelofen,” Berlin, 1933, and Searle, 
“ Some Methods of Tiring Continuous Kilns,” 
Clayworker Press, London, 1929. 

Firing is usually considered as divided into 
stages. These overlap and no distinct line can 
be drawn where one stage ends and the next 
begins. The first or “ water-smoking ” stage 
extends up to about 600°C. In the early 
stages up to about 200°C. the residue of hygro- 
scopic and added water is eliminated, while at 
400°C. to 600°C. the water of combination of the 
clay molecule is eliminated. During this stage of 
firing there is little or no change of size in the 
product, but porosity increases. 

The kiln atmosphere is usually heavily 
charged with moisture, and the rate of heating 
must be slow, to permit the escape of steam from 
the interior of the goods. 

During the second or oxidation stage, from 
about 500°C. to 900°C., carbonaceous matter is 
burnt off and carbonates and sulphides are 
decomposed. It is during the early part of this 
stage that large quantities of inflammable gases 
are evolved from such clays as the Oxford and 
Kimmeridge. In the second stage the goods 
attain their maximum porosity and there is a 
slight expansion (up to 1 per cent, of the dry 
length). - 

The rate of firing must be adjusted to permit 
the access of air for combustion of carbonaceous 
matter, and also the escape of products of decom- 
position. Too rapid firing at this stage may 
result in the formation of a vitreous skin which 
seals the interior, precludes oxidation, and 
causes black cores. These may during later 
stages cause swelling or bloating. 

In the final Stage from 950°C. upwards to the 
finishing temperature, the fine-grained consti- 
tuents of the clay sinter together to form a 
glassy bond for the remainder of the product. 

During this period the firing shrinkage occurs, 
and porosity decreases very rapidly. Shrinkage 
varies with different clays, but bricks fired to 
about 1,000° shrink from 4% of the dry length, 
for a coarsc-textured clay, to 8% for a fine- 
grained clay. 

Heating from, say, 950°C. is usually rapid 
up to tho final temperature, at which the goods 
are maintained for some time. 

Most ceramic goods are fired in an oxidising 
atmosphere, but, for the production of blue 
bricks, certain purple facing bricks, and also for 
salt glazing, there is a further firing period 
during which tho previous oxidising conditions 
are changed to reducing conditions. This 
causes the conversion of the red and brown 
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ferric compounds to blue or grey ferrous 
compounds, which, being fusible, produce a 
dense glassy structure in clays rich in iron. 

Salt glazing is carried out by casting salt into 
the kiln when the temperature is 1,200°C. or 
over, and the atmosphere is reducing. The 
volatilised salt reacts with the clay to form $ 
glassy surface skin of sodium-alumino-silicates 
(Thompson, Trans. Cer. Soc. 1918, 17, 340). 

The process is used mainly for sewer pipes 
and some chemical stoneware. Other products 
are glazed by usual pottery methods using 
felspathic leadless glazes. Coloured roofing 
tiles are glazed with opaque stanniferous galena 
glazes tinted with suitable oxides. 

The approximate firing temperatures of 
different materials are given in the table below : 


Approximate Firing Temperatures tor 
Different Classes of Ceramic Products. 


Product. 

Firing temperature. 

Hollow partition blocks . 
Common and facing 
bricks, roofing tiles 

Floor and glazed wall 
tiles ...... 

Engineering bricks, terra- 
cotta 

Glazed fireclay sanitary 
goods and glazed pipes . 
Salt glazed goods . 

850°C.-1,000°C. 

950°C.-1,100°C. 

1,000°C.-1,100°C. 

1,050°C.-1,200°C. 

l,100 o C.-l,200°C. 

1,200°C.-1,300°C. 


Recent years have seen marked advances in 
the control of drying and firing, and increasing 
numbers of works are equipped with humidity 
and temperature recorders for controlling dryers ; 
recording pyrometers, C0 2 - and draught-.meters 
are used on kilns. In many cases also draught is 
maintained by fans rather than by chimney 
draught. These enable waste heat from the 
kilns to be used for drying the wet goods. 
Despite the greater control now exercised 
ceramic goods are still liable to certain faults. 

Faults. 

Defects in clay products arise either from 
defective processes or from the use of poor or 
unsuitable clays. Wire-cut products may be 
laminated owing to the presence of air films in 
the raw- moulded brick. A recent innovation is 
the removal of the air by evacuation. Although 
the “ de-airing ” process is said to be of par- 
ticular benefit in the production of drainpipes, 
the process is not suited for all clays. A cause 
of cracking and lamination in dry -pressed goods 
is excessive pressure, while too slight pressure or 
too dry a mix gives a product, which is friable 
and soft centred. 

Too rapid firing or drying causes the develop- 
ment of cracks as well as the black core.already 
mentioned. 

Nodules of limestone and gypsum in clays 
bum to lime and anhydrous calcium sulphate 
respectively, and may cause disruption when 
the products are exposed, due to the expansion 
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ensuing on hydration Such clays require to be 
finely ground. 

The kiln gases invariably contain sulphur 
dioxide, which is capable of reacting with the 
clay constituents and causing the formation of 
soluble salts which will, later, give nse to 
unsightly or dangerous efflorescences in the 
brick. The rate of formation of these compounds 
is most rapid at about 700'C and high firing 
temperatures tend to their elimination Alkali 
sulphates are eliminated fairly readily, but 
calcium and magnesium Bulphates are only 
ebminated by prolonged firing at over 1,050°C. 
(Simon and Vetter, Z angew. Chem. 1930, 43, 
380; Brady and Coleman, Trans Ceram. Soc. 
1931.30, 169, 1932,31,68). 

Efflorescence of soluble salts formed in this 
way should be distinguished from scum which is 
formed during the manufacture of the brick. 
Soluble salts present in the clay may be drawn 
to the surface durmg drying and cause “dryer 
scum ” When due to calcium compounds such 
as gypsum, it can sometimes be prevented by 
additions of banum carbonate to the clay, giving 
insoluble calcium carbonate and barium 
sulphate. Kiln scum is caused by the action of 
sulphurous gases on the unfired w are durmg the 
early stages of firing when moisture is present in 
the kiln gases Calcareous clays are most 
affected Soluble compounds are formed on the 
surface of the goods and bum to give a white 
scum. Unlike efflorescence, 6cum has no effect 
on the durability of the brick. 

Products carrying an applied glazed surface 
are liable to crazing or peeling if the coefficients 
of thermal expansion of the glaze and body are 
different Crazing of glazed wall tiles is some 
times due to moisture expansion of the body or 
shrinkage of the cement backing (Mellor, Trans. 
Ceram. Soc. 1935, 34, 1). 

The following references are to sources of 
information on the manufacture of structural 
clay goods. 

Searle, “ Modem Bnckmaking ” (E. Benn, 
Ltd ), London, 1931. 

Zaiman and McIntyre, “ Economic and 
Manufacturing Aspects of Building Brick 
Industries," Building Research Special Report 
No. 20 (H.M. Stationery Office), London, 
1933. 

Zaiman and McIntyre, “ Manufacture of Clay 
Roofing Tiles in France, Holland, and Belgium,’’ 
Building Research Bulletin No. 4 (H.M. Sta- 
tionery Office), London, 1928. 

Dummler and Loeser, “ Handbuch der 
Ziegelfabnkation ” (W. Knapp), Halle, 1926 

Granger, “ La Ceramique Industrielle,” 2 vols 
(Gauthier-Vilhers), Paris, 1929. 

The Properties and Testing of Building 
Bricks. 

(a) Engineering Bricks. — The properties of 
most importance in bricks used for engineering 
purposes are high strength and low porosity. 
The range of compressive strengths of bricks 
used for engineering work is approximately from 
5,000-16,000 lb. per sq in ; the porosity 
' aries from below 1% to about 18% (by volume), 
or 8% if the porosity is expressed in terns of the 
freight of water absorbed. 


Engmeering bricks are also highly acid* 
resistant — a property which is occasionally of 
importance in building. 

Many bricks which would be suitable fot 
engmeering purposes are also used S3 facing 
bncks, especially in the north of England, In 
such cases the critical tests are not strength and 
porosity, but those which attempt to assess 
properties having a more direct bearing on their 
use as facing bricks (see below) 

(6) Facing Bricks. — In bricks used for ordinary 
building purposes it is unnecessary to consider 
mechanical strength because even the weakest 
bricks in common use possess sufficient strength 
to meet all the demands likely to be made upon 
them. (Strengths as low as 1,000 lb. per sq in 
are not uncommon, particularly amongst hand- 
made facing bricks such as London stocks, 
which, nevertheless, are very weather resistant ) 
There are certain other properties in respect of 
which the characteristics of bricks as a class 
are so well known that formal testing is rarely 
necessary ; such are heat and sound insulation 
There is an approximate relation between bulk 
density (weight divided by overall volume 
including pore space) and thermal conductivity 
which is given in the following table taken from 
Tomnd.-Ztg 1932,56,1044: 

Table 1. 

Balk Density. Thermal Conductivity 
1 8 kg./edm. 0 55-0 60 cal./m hr.°C 
1-6 „ 0 40-0 45 

12 „ 0 23-0 27 

In considering the suitability of bricks for 
use for facing it is more important to study the 
chemical an a physical properties which deter- 
mine their serviceability. The most important 
m the case of facing bricks are resistance 
to rain penetration and resistance to weathering. 
The question of freedom from soluble salts 
likely to form efflorescences is of importance in 
the case of both facing and backing bricks and 
will be considered in a separate section. 

There are two ways m which a wall may 
exclude water. One is by presenting an imper- 
vious skin to the rain. This method finds more 
favour in Germany than in England and has been 
discussed by W Them (Diss. Brunswick, 1931) 
The method makes exceptional demands upon 
the workmanship of the bricklayer, since 
imperfect bonding of bricks and mortar, which 
may easily occur with highly vitrified bricks, 
leaves cracks through which water may penetrate 
to the more porous backing bricks. The 
impervious nature of the facing bricks then 
becomes a disadvantage, preventing the water 
from again drying out through the face of the 
wall. The other method, which is more in 
accordance with British and especially southern 
English practice, depends on the use of 4 
moderately porous brick which bonds well with 
mortar and has the merit of allowing the water 
which it absorbs to be evaporated rapidly (e/- 
L. F. Cooling, Tran3. Ceram. Soc. 1929, 29, 39). 
A wall built of such bricks absorbs water by ( 
capillary forces, its pore space acting ss a 
reservoir in which the water is held until it 
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can again be evaporated. The extent to which 
this capacity to hold water can be relied upon 
to keep the inside of a wall dry in any given 
situation is fairly well understood empirically. 
In some situations this capacity is insufficient 
and where exposure is severe, as on a south- 
west elevation, in Great Britain, facing the sea, 
walls are either built with a cavity or are 
rendered. It must be emphasised that bricks 


of the same porosity may differ widely in per- 
meability, and that the latter property must be 
measured in order to decide whether a given 
brick needs to be used with special precautions. 
Table 2 gives the porosity and permeability of a 
hand-made facing brick (exceptional) which 
gave rise to serious rain penetration, and com- 
parative figures for bricks of more normal 
properties. 


Table 2. 

Porosities and Permeabilities of Facing Bricks. 


Brick. 

Porosity 
(% by vol.). 

Pcrme 

5 min. 

ability unc 

10 min. 

er 20 cm. 
XlO 

30 min. 

lead of wal 
8 after 

1 hr. 

er c.c./sq.c 

2 hrs. 

m./sec. 

24 hrs. 

Hand-made brick 








(exceptional) 

27-3 

3,582 

3,346 

3,037 

2,779 


— 

Hand-made red brick 

33-7 

840 

640 

399 

294 

222 

12 

Dry pressed red brick 

27-2 

1,703 

1,191 

215 

207 


— 

Plastic pressed red 








brick .... 

19-7 

233 

184 

100 

62 

33 

2-5 


It should be added that these very permeable 
bricks are rare and that rain penetration is 
more ofton due to faulty workmanship, especially 
failure to fill vertical joints, or to faulty design, 
than to penetration of water through the body 
of either brick or mortar. This aspect of the 
subject has been discussed by F. O, Anderegg 
(Brick and Clay Record, 1931, 79, 291). 

Knowledge of the mechanism of weathering in 
bricks is incomplete. It is not yet possible to 
lay down standard methods of test which will 
assess the probable durability of a brick without 
making demands upon the investigator’s 
experience of the materials. The most important 
obstacles to the development of improved tests 
are the following : in many cases the results of 
laboratory tests have not been adequately com- 
pared with exposure tests under natural con- 
ditions owing to the slowness with which the 
natural weathering of good bricks takes place ; 
it is not even possible to compare results with 
reputations based on the study of old buildings, 
because bricks made by modern methods differ 
from older bricks even when the clays are the 
same. A further difficulty is uncertainty as to 
the effective weathering agent, which may 
vary with the climate. Workers in Germany, 
Sweden, and the U.S.A. have regarded frost as 
the principal weathering agent ( cf . the use of 
adsorption ratio as a criterion of weather 
resistance), but it may be doubted whether it is 
the dominant factor in England except in certain 
situations such as retaining walls or parapets. 
The evidence for attack by atmospheric acids 
upon building bricks is slight. Indeed, it may 
be said that the majority of English bricks do 
not weather in the face of a wall, although 
there are a few types, notably certain soft red 
bricks, which crumble away from the face and 
require to be replaced in the course of a few 
decades. In these cases the primary cause of 
weathering may well be hydrolysis ns suggested 


by C. E. Moore (Claycraft, 1933, 6, 381) by 
analogy with the weathering of rocks in nature. 
Moore pointed out that bricks'fired at tempera- 
tures below about 950° C. would be expected on 
theoretical grounds to be more susceptible to 
the action of water than those fired at higher 
temperatures. 

On account of these difficulties the present 
starting point for all attempts to assess weather- 
ing quality is the generalisation, based on uni- 
versal experience, that a well-fired brick is 
weather-resistant. This has led to the use as 
quality tests of measurements of properties 
which vary or are assumed to vary as functions 
of firing temperature. Of these properties 
strength and water adsorption have been most 
studied, but no clear estimate of quality can be 
based upon them. Whilst there is in general an 
increase in strength and a decrease in porosity 
as the firing temperature of a clay is advanced, 
the differences between bricks made from 
different clays and by different manufacturing 
processes are such that it is impossible to lay 
down any limits which would separate good 
bricks from bad. The subjectof water adsorption 
and of the various attempts that have been made 
to improve upon the simple test of adsorption 
capacity was reviewed in some detail by 
C. M. Watkins and B. Butterworth (Trans. 
Ceram. Soc. 1934, 33, 444). A tentative specifi- 
cation of the American Society for Testing 
Materials published in 1935 has proposed the 
use of a combination of properties, compressive 
strength, absorption, and absorption ratio, as a 
means of separating well-fired from underfired 
bricks. The basis of the specification is the 
extensive survey of the properties of bricks made 
in the U.S.A. carried out by McBurney and co- 
workers (Proc. Amer. Soc. Testing Materials, 1933, 
33 (Pt. 2), 636, and previous papers). The limits 
proposed in that specification would not be ap- 
plicable in Great Britain, where a large number 
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of hand-made bricks are still made, whereas in 
the U.S.A, the number is negligible. Hand-made 
bricks generally have lower strengths than 
machine-made bricks, and most hand made 
bricks would be rejected by the A.S T 31. 
specification in spite of their excellent weathering 
properties. 

The tests most relied upon in this country are 
(1) resistance to the crystallisation of sodium 
sulphate and (2) expansion on wetting ; freezing 
tests are also carried out, but their results are 
less informative because an entirely satisfactory 
method of carrying out the test is still to be 
found The sodium sulphate crystallisation test 
gives a comparison between different bricks in 
respect of resistance to expansive stresses set up 
within their pores. If a standardised method 
of carrying out the test is adopted it is then 
possible to judge the quality of a brick under 
test by comparing its performance mth that of 
other bricks of known quality. 

The linear expansion on n etting of well fired 
bricks ranges from 0 005 to 0 025%; much 
higher values, of the order of 0 06%, are asso- 
ciated with under firing, though bricks showing 
an expansion of this order are seldom put on 
the market. 

(c) Backing Bucks — Bricks which are only 
used internally in a building or which if used 
externally are covered with a cement rendering 
need not be so weather resistant as facing 
bricks. The principal requirement is that they 
should afford a good key for plaster This 
involves the possession of a certain degree of 
porosity, but the rate of adsorption should not 
be too great or the plaster will be dried out too 
soon after application ; a very smooth surface 
is also a disadvantage. To improve the 
mechanical key for plaster, certain bricks are 
specially grooved. 

Freedom from soluble salts is also important, 
see below. 

(d) Efflorescence — Soluble salts present in 
masonry may migrate in solution and crystallise 
on or beneath the surface when the water is 
evaporated. Slight superficial efflorescences are 
common on facing bricks in new buildings; 
the salts may be derived either from the bricks 
or from the mortar. Such efflorescences are 
usually dispersed by the action of wind and rain 
in a very few years, and are chiefly in evidence in 
the spring More important are the phenomena 
which may result from the presence of the 
considerable quantities of- MgS0 4 which occur 
in some underfired bricks. Plaster applied to 
such bricks may separate with a thin lamina of 
bnck adhering to it owing to the formation 
of a semi-permeable membrane of Mg(OH) 2 
at the point where the sulphate first comes in 
contact with lime derived from the plaster. 
When the water evaporates needle-shaped 
crystals of MgS0 4 ,7H 2 0 form behind the 
membrane with their long axes at right angles 
to the wall (F. L. Brady, Nature, 1930, 126, 
684). MgS0 4 is also capable of causing 
failure of the bricks themselves when present in 
large amounts 

Sulphates generally are dangerous in common 
bricks because of the liability to injure cement 
renderings applied to them. Much depends on 


the exposure of the brickwork and upon weather 
conditions during building. In work which 
con tarns much water, the sulphates may pass 
to the junction of the brickwork and cement 
rendering and cause detachment. Under dry 
conditions there may be no trouble even with 
brickwork having a high sulphate content. 

Estimation of the total percentage of water 
soluble matter in a brick is no guide to its 
tendency to form efflorescences, because the 
greater part of the soluble matter generally 
consists of CaS0 4 , which is inert from an 
efflorescence point of view. Even bncks con- 
taming much MgS0 4 usually contain more 
CaS0 4 . It is not yet possible to lay down a 
rigid limit for soluble salt content, but it is 
thought that trouble may occur with bricks 
containing more than 0 05% Mg. When 
carrying out a soluble salt analysis it is essential 
to extract a fine powder (passing a 100 mesh 
sieve) by agitating thoroughly with an excess of 
water and washing well in order to extract the 
salts completely. Erroneously low results have 
been published owing to failure to ensure com- 
plete extraction Table 3 shows some typical 
soluble salt analyses of reputable English 
building bricks, (l)-(8) ; one analysis (9) of a 
brick known to give serious MgS0 4 efflorescence 
is added for comparison. 

It is uncertain whether the alkalis are present 
as sulphates or whether they are not derived 
in part at least from a slight hydrolysis of 
silicates during the extraction. 

The soluble salt analysis may with advantage 
be supplemented by a direct efflorescence test 
which consists in feeding the brick with distilled 
water at room temperature and then allowing it 
to dry out Salts dissolved by the water in 
passing through the brick are deposited on the 
surface as an efflorescence (B. Butterworth, 
Trans Ceram Soc. 1933, 32, 270). 

Tiles. 

There ia a Bntish Standard Specification for 
clay plain roofing tiles which lays down tests of 
permeability, transverse strength, and resistance 
to freezing (B.S S , No. 402—1930). 

The principal defect shown by many tiles is a 
tendency to exfoliate after some years’ exposure 
owing 4o the effect of frost. This effect is more 
common with machine-made than with hand- 
made tiles. Exfoliation may be reduced by 
avoiding certain faulty methods of fixing tiles 
which tend to keep them unduly wet. The 
merits of various current methods of using tiles 
have been discussed by L. G. Tomhnstm 
(Trans. Ceram Soc. 1929, 29, 1), 

Terra Cotta. 

Terra cotta is comparable in physical structure 
w ith engineering bncks. A study of the weather 
ing of terra cotta was made by W. A.^ Mc- 
Intyre (Building Research Special Kept. No. 12, 
1929) . MacIntyre found that the decay of much 
of the terra cotta used in London about the 
middle of the nineteenth century was due to 
underfiring. Underfired material was exten- 
sively used owing to the popularity with 
architects of a certain shade of colour which 
could only be obtained by underfiring- 
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Table 3. 

Soluble Salt Analyses or some English Bricks. 


Brick. 

Source. 

Rustic 

wirecut. 

Yorks. 

U) 

Gault 
facing. . 

Kent. 

(2) 

Eletton. 

Nr. 

Peter- 

borough. 

(3) 

Red 

wirecut. 

Leices- 

tershire. 

(4) 

London 

stock 

hand 

made. 

Bucks. 

(5) 

Plastic 

pressed 

red. 

Lancs. 

(6) 

Purple 

multi 

hand 

made. 

Herts. 

(7) 

Buff 

facing. 

East 

Mid- 

lands. 

(8) 

Soft 

common 

wirecut. 

S.E. 

England. 

(9) 

Total soluble salts 
(dried at 110°C.) 

0-94 

0-84 

3-16 


0*74 

0*11 

0-10 

0-29 

3-89 

Ca . . . 

0-19 

0-17 

0-80 

BE 1 

0-15 

0-01 

0-00 

0-04 

0-60 

Mg . . . 

0-03 

0-01 

0-01 


0-02 

0-01 

0-01 

000 

0-25 

Na . . . 

0-04 

0-02 

0-04 

viiKii 

0-04 

0-03 

0-04 

0-01 

0-06 

K. . . . 

0-02 

0-04 

0-03 

Mi!*' im 

0-01 

trace 

000 

0-02 

004 

so 4 . . . 

0-48 

0-39 

2-07 

0-50 

0-34 

0-04 

004 

0-07 

2-62 

Si0 3 . . . 

0-03 

0-04 

0-02 

0-04 

0-05 

0-02 

— 

0-02 

0-03 

Liability to efflores- 

slight 

slight 

nil, but 

slight 

nil or 

nil 

nil 

nil 

serious 

cence 

CaS0 4 
may be 
lost by 
diffu- 
sion 

slight 






Salt-glazed Pipes. 

British Standard dimensions of drain fittings 
are specified in British Standard Specification 
No. 539, 1934. Specifications referring to 
quality are British Standard Specification 
No. 65, 1934, and British Standard Specification 
No. 540, 1934. Impermeability, hydraulic, and 
absorption tests are laid down. 

B. B. and E. H. C. 

II. Calcium Sulphate Plasters and 
Cements. 

Nomenclature. 

The calcium sulphate plasters are those 
cementitious materials employed in building and 
in the arts, which have a definite set solely due 
to hydration of calcium sulphate, in some form ; 
they may be anhydrous or contain a certain small 
proportion of combined water. 

They are sometimes known as “ gypsum 
plasters,” since most of them are prepared by 
calcining gypsum, and all revert wholly or 
partially to gypsum when set; the harder are 
termed “ cements.” A large proportion are 
marketed under proprietary names and certain 
traditional names or modifications of the same. 
Unfortunately these names often afford no clue 
as to the type and composition, and there is no 
assurance that a material sold under a certain 
name will continue uniform. 

Raw Materials. 

Apart from minor recent sources in by- 
products of other industries, such as precipitated 
gypsum from the phosphate industry, the 
main source of the raw material of the calcium 
sulphate plasters is either mineral gypsum, 
CaS0 4 ,2H 2 0, or (latterly) natural anhydrite, 
CaS0 4 . 

The British gypsum deposits are mainly 
associated with' the keuper marls, and are 
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usually thin-bedded ; the principal sources are 
in the valleys of the Trent, and of the Eden in 
the Carlisle district, though fairly thick beds of a 
grey gypsum associated with limestone and 
shale are mined in one locality in Sussex. 
Anhydrite is a common impurity. Massive 
beds of natural anhydrite are found near Hartle- 
pool and Middlesbrough, and are mined on a 
large scale at Billingham, both for plaster manu- 
facture and for use in the heavy chemical 
industry. 

Only a comparatively small proportion of the 
gypsum used is imported, and that mainly for 
use as Portland cement retarder. 

Calcination of Plaster, 

From gypsum the various plasters and 
cements are prepared essentially by partial or 
complete dehydration by means of heat. The 
different grades are obtained mainly by varying 
the degree (temperature and duration) of 
calcination, by calcining either before or after 
grinding, and by various additions made to the 
ground and calcined material (catalysts of set, 
accelerators or retarders). Natural anhydrite 
is already anhydrous, so requires no calcinin" : 
it is merely ground, and accelerator added. 

The table on p. 130 gives a key to the 
successive products of calcination of gypsum, 
the associated materials, and the properties 
which may be used in recognising them in 
plasters. 

The crystallised product (7) is readily obtained 
by heating gypsum in water under pressure 
above the equilibrium point at 107°C. (or at a 
proportionately lower temperature in a suitable 
salt solution), rapid filtering whilst hot, and 
washing with absolute alcohol. It is readily 
soluble in water, hydrating to gypsum like (2). 

The results of a number of investigators with 
X-ray analysis suggest three different crystal 












6 

Estrichgips, 

Calcining gyp- 

(Partly 


CaSO. and 

sum at 

sintered.) 


CaO. 

approaching 
white heat. 




1 A gradual anAtKYexalhle loss r>£ water., a " UmliWc” cbanifp 
* Product depends on temperature and time of calcining, 
f 3> Is extremely hygroscopic, reverting immediately to (2). 

Is inert, and almost Insoluble. 

lattices. thntof(I); that of (2), (3), and (7) ; flues for direct firing by coal, gas or oil, fa 
and that of (4) and (5) respectively. commonly used, with a calcination cycle of 1$ to 

The impurities in the natural rock will also be 3 hours In Great Britain the shallow, open pan 
modified by calcination ; when “ hard burnt ” is still used to some extent, fitted with a stirring 
at a temperature in the neighbourhood of a red rake and taking a much smaller charge in a 
heat, calcium carbonate will be partly con- similar cycle. Numerous patents have been 
verted into free hme which may also be produced granted for various methods of direct and indirect 
by partial dissociation at higher temperatures, heating, by superheated water, hot oil, etc » 
Commercial plasters are necessarily somewhat rotary kilns of various types are employed, 
mixed products. particularly in America and in Germany, usually 

fatted with lifting devices and with (at least 
Manufacture. partly) co-current heating so as to avoid 

Where gjpsum is used tho principal manu- overheating of the product which might occur 
factunng operation is that of calcination. The if arranged m the conventional manner of 8 
commercial eatuners are of numerous types, cement kiln with counter -current of hot g aaes 
lor hemihjdrate (plaster of Pans) the deep and calcined product. A modern development s 
American kettle, holding 5-10 ton9 of ground the simultaneous grinding and dehydration l by 
gypsum at a charge, fitted with stmers and cross- hot air) in the same mill. 
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The “ hard burnt ” or anhydrous plasters are 
usually calcined, in lump form, and ground 
afterwards, the necessary accelerator being 
added at one stage or another. In order to 
preserve a light colour, and to avoid the intro- 
duction of fuel ash, modern British anhydrous 
plasters are usually burnt in separate-fired 
continuous vertical kilns, although mixed-feed 
vertical kilns both of the continuous and of the 
batch type have been employed widely in the 
past, and some are still in use in other countries. 
On account of the low thermal conductivity of 
gypsum, and of the endothermic nature of the 
dehydration process, the larger lumps are seldom 
calcined to the same degree throughout, so that 
there may be unchanged gypsum, hemihydrate, 
and soluble anhydrite in the middle of a lump 
■when withdrawn , and at the corners and edges the 
rock may be overbumt, and even partly 
dissociated into free lime. 

“ Boiled Keene’s ” is still made by heating 
ground gypsum, with some stirring, on an open 
hearth under which flues pass, with a tempera- 
ture approaching a red heat in parts, an accelera- 
tor being added and the heating then finished. 
The German “ Estrichgips ” or flooring plaster is 
calcined in vertical kilns in lump form at a high 
temperature (attaining 1,100°-1,200°C.), so 
that some dissociation results and a small 
amount of free lime is left intimately mixed with 
the product. Ovens resembling baker’s ovens 
are employed on the Continent for calcining 
certain types of plaster. 

Setting of Plaster. 

The setting of a calcium sulphate plaster or 
cement is essentially a process of reciystallisation, 
i.e. the formation of hydrated crystals of gypsum 
from a supersaturated solution. These crystals 
are tangled and interlocked, and grow together, 
thus forming a rigid crystalline structure of set 
plaster, embedding the sand grains or other 
aggregate present, but often (especially with 
hemihydrate plasters) leaving a proportion of 
voids. The strength and hardness, and texture 
of surface, will depend on the rate of growth, 
t.c. on the shape and size of these crystals, and 
on their closeness of packing. 

The hemihydrate possesses a solubility about 
fiyo times that of gypsum, so that when mixed 
with water it rapidly dissolves to form a solution 
heavily supersaturated with respect to gypsum. 
If crystal nuclei of gypsum are already present 
(as is usually tho case with plaster of Paris 
calcined in an open pan at a comparatively 
low temperature), within a very few minutes 
crystallisation of gypsum commences at these 
nuclei, and spreads rapidly throughout the mass. 
As the concentration of the solution tends to 
decrease, more hemihydrate goes into solution, 
and is precipitated in turn as gypsum ; this 
process continues until all the hemihydrate is 
consumed, or until no water is left. In a work- 
able plastering mix the water will be present in 
groat excess over the stoichiometric equivalent. 

In tho case of anhydrous plasters, t'.e. “ hard 
burnt ” or natural anhydrite, the process of 
sotting is analogous to that of the hemihydrate, 
but the degree of supersaturation achieved is 
very much less. Setting takes place much more 


MATERIALS. 131 

slowly and only at an appreciable rate in the 
presence of a suitable catalyst. The system 
“ insoluble anhydrite ’’/water/gypsum must 
therefore be unstable at ordinary temperatures, 
but we cannot really speak of a definite “ solu- 
bility ” of the anhydrite ih these circum- 
stances, although it appears to be greater than 
that of gypsum. The rate of solution probably 
to a large extent controls the velocity of tho 
reaction ; fine grinding of the anhydrite is 
essential. A smaller proportion of mixing 
water is usually required by anhydrous plasters 
to produce a workable mix ; this influences the 
texture of the product. 

Catalysts of Set. (Accelerators and Re- 
tarders.) 

Since ordinary plaster of Paris starts to set 
too quickly for convenient application for 
plastering (in sanded undercoats) and for some 
other uses, a retarder of set is frequently added, 
ordinary glue or size being employed on a small 
scale and “ keratin ” (sodium and calcium salts 
of the amino acids resulting from the partial 
hydrolytic degradation of the proteins of horns, 
hoofs, and hair) in many “ hard wall ” plasters. 
These act apparently by being adsorbed on the 
nuclei (of unchanged gypsum, dust, etc.) which 
would normally provido a start for the re- 
crystallisation of gypsum, and in this way, and 
by retarding the diffusion of fresh material 
inwards to build up the crystals, delay the onset 
of effective “ setting.” Once this starts, and the 
crystal has outgrown its shell of adsorbed glue, 
etc., the setting takes its normal course. Thus 
the retarded hemihydrate plasters can be 
described as comparatively slow-starting but 
rapid-setting. The proportion of retarder 
needed is minute : about J lb. to 10 lb. per ton 
of plaster being the range of usual proportions 
which retard the “ set ” to a convenient period 
for normal use. Borax is also occasionally 
employed as a retarder (about 1 or 2 per cent, in 
solution or as a solid) ; the action of this salt is 
somewhat obscure. 

The accelerators of set employed with the 
anhydrous plasters are usually soluble sulphates. 
Potassium sulphate is the commonest, either 
alone or as potash alum. Soluble sulphates of 
other metals are also employed, e.g. alumin- 
ium or zinc sulphate, or mixtures of these. As a 
rule sodium salts (though otherwise effective) 
are to be avoided, as these tend to produce 
unsightly efflorescences. The precise action of 
accelerators is still a matter of surmise, although 
much has been written on this subject; the 
simple theory of the effect on the solubility of 
gypsum leads to contradictions. The set is 
usually adjusted so as to give an “ initial set ” 
in a. couple of hours, i.e. the plaster is slow- 
starting ; the hardening then proceeds slowly, 
and in some cases may take several weeks to 
complete in damp storage, particularly with 
natural anhydrite plasters and those accelerated 
with lime in place of soluble alkali salts. 

Lime acts per se as an accelerator of set. 
It is less active than soluble sulphates, and may. 
of course, lose its effectiveness in long storage, 
owing to neutralisation by atmospheric carbon 
dioxide. 
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It follows from the above that the removal or 
neutralisation of the glue or salt used for 
adjusting the set w ill have the opposite effect in 
retarded or accelerated plasters, accelerating 
the former and retarding the latter. In general 
the loss of acceleration from the anhydrous 
plasters is more often encountered and more 
serious m its effects than the removal of glue 
from retarded plasters 

Expansion. 

Although there is a decrease in total volume of 
about 7% in the hydration of plaster to crystal 
line g\p sum, on account of the thrust of the 
growing crystals, and of the porous structure of 
the set plaster resulting, there is a linear expan 
sion of approximately 0 2 to 0 4% during the 
setting of a paste of plaster and water, if un- 
restrained This expansion enables very Bharp 
casts in plaster to be made A comparatively 
small restraining force can inhibit the movement 
in any one or two directions Under certain 
conditions this expansion can produce unwelcome 
effects (“ delayed expansion ”) The extent of 


the expansion depends on the circumstances 
of setting, and particularly on the presence of 
accelerators or retarders. In order to obtain a 
very small expansion combined with a convenient 
setting time for dental casts, both accelerators 
{potassium salts) and retarders (e g. borax) hare 
been used simultaneously with plaster of Pans. 

Corrosion. 

Ironwork in contact with moist calcium 
sulphate is corroded, and especially with some 
calcium sulphate plasters of the “ acid ” tjpe, 
i e those accelerated with alum. On the other 
hand, those piasters containing free Line act 
(for a time) as definite protective agents to 
embedded iron. In general, metal work (except 
perhaps lead) should he protected from contact 
with plaster, if there is any risk of damp. 

Classification. 

The appended table indicates the classification 
of modem calcium sulphate plasters and 
cements. This cannot he applied in every case, 
since the practice of different makers varies. 


Calcium Sulphate Plasters. 


Composition. 

Group 1 Accelerated Anhjdrous Ca$O t 

Group 2. Hemlhydrate (C»S0 4 ),,H,0 

■TmTWTTl l! J'l T" 1 \ 7 " ' r* • *■■■■•( > . ’■*/. 


A. Accelerated with lime Proprietary plasters 
hard-burnt from gypsum containing much 
CaCOj Estrichgips. 

A Retarded hemihydrate. Many pro- 

prietary “ hard wall ” plasters for 
trowel application (usually keratin 
retarded). Plaster of Pans retarded 
with glue, size, or borax for decorative 
plaster work. 

B. Accelerated with soluble salts. Most pro- 
prietary “ hard burnt ” plasters for trowel 
application (usually accelerated with alum 
or K s S 0 4 ). Natural anhydrite plaster 
(accelerated with sulphates). Most 

“ Keene’s ” 1 and “ Parian ” cements. 

“ Substitutes for Keene's ” 

B. Unretarded. Plaster of Paris. Common 
“ gauging plaster.” Casting plaster. 
Surgical and some dental plaster. 
Ceramic moulds. Plaster for orna- 
mental work, fibrous plaster (“ stick 
and ray plaster wall boards, 

building blocks, and tiles. 

Some extra hard dental moulding plasters 
may be of Group l. 

Certain special non-expansive dental 
plasters for impressions are plaster of 
Pans simultaneously accelerated and 
retarded. 

Setting. j 

1 A 

1 B. 

2 B 

2 A. 

Start: Slow, if of uniform composi- 
tion.* 

Slow.* 

Quick. 

“ Undercoat,” 

Slow; “ Finishing,” 
Medium-slow. 

Completion • Slow. If lime % is low 
very slow . 

Slow. 

Quick. 

Quick. 


J The original " Keene's" was double-burnt, and alum-accelerated , , , 

ii .? brands contain a portion of quick starting material (soluble anhydrite. CaSO,, and hemihjdrstej 
J With lime, somewhat quick. 
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III. Lime. 

Classification. 

Lime is employed in vast quantities in 
building ; as a cheap alkali in the heavy chemical 
industries ; as a flux ; for water softening ; in 
tanning, etc. ; and in agriculture. For standard 
specification purposes “ lime ” may be defined 
as consisting essentially either of calcium oxide, 
CaO, or of calcium oxide together with a smaller 
proportion of magnesium oxide, MgO, formed 
by burning a natural rock or other suitable 
material at such a temperature that it will slake 
when brought into contact with water. The 
raw material for building limes may sometimes 
be of a composition approaching dolomite 
(MgC0 3 ,CaC0 3 ). 

The term also includes in practice dry hydrated 
limes prepared in the form of a fine dry powder 
by treating quicklime with sufficient water to 
satisfy the chemical affinity of the free calcium 
oxide present whilst producing a dry, sound 
product, i.e. essentially Ca(OH) 2 . 

Lime for chemical purposes requires, in 
general, to be much purer than many commonly 
used building limes, and for certain trades a 
high magnesia content is undesirable : the 
value may be assessed on the basis of CaO 
content, or of lime freely soluble and “ avail- 
able ” for some specific purpose, such as neutrali- 
sation or precipitation. For agricultural pur- 
poses finely divided calcium carbonate may be 
included in the term, but here again a CaO 
content is generally the important consideration. 

The principal basis of differentiation for the 
British building limes is that of degree of 
hydraiilicity, which depends mainly on the 
proportion of clay matter, hydrated aluminium 
silicate (represented approximately as A1 2 0 3 , 
2Si0 2 ,2H 2 0, but actually of varied and 
complex composition) present as an “ impurity ” 
in the stone. Another basis for classification 
is that of use : into (i) limes suitable for plaster- 
ing, for the finishing coat (and also incidentally 
for plastering undercoats, or “ coarse stuff ”) ; 
and (ii) limes suitable primarily for mortar, 
for masonry, or for “ coarse stuff ” only. The 
difference is mainly that of workability of the 
material under the craftmen’s tools. A sub- 
division into hydraulic and non-hydraulic can be 
further introduced into the “ mortar ” class (ii). 
Hydraulicity is usually ignored when classifying 
plastering (finishing coat) limes (i). 

Limes are sometimes popularly classified with 
“ fat ” and “ lean ” limes, the former term 
indicating that a plastic putty of high moisture 
content results on slaking, the latter the con- 
verse effect. It is often supposed that all fat 
limes are non-hydraulic and all lean limes 
hydraulic, but there are numerous exceptions. 

Raw Materials. 

Apnrt from certain by-product calcium 
carbonate, and cases where compounds of lime 
are recovered in some cyclic process and re- 
burnt in the same works, most lime is derived 
by burning of limestone (hard stone or chalk) 
in suitable kilns, and for economic reasons the 
locally- available limestone is invariably em- 
ployed. Great Britain is extremely rich in 
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limestones, both in quantity and width of 
distribution, and in variety of composition and 
types. Table 4 on p. 134 indicates roughly 
the more important of these ; relatively small 
amounts of other deposits (e.g. Devonian and 
Silurian) are employed for local trade only. 
Freight rates, and rapid deterioration of 
quicklime through exposure in transit prevent 
much exchange from one region to another, 
though dry hydrated limes tend to find a wider 
market. 

Composition. 

Type 1. — The “ high calcium ” limes vary from 
over 98% CaO with some mountain limes 
(calculated on the ignited specimen), to a little 
under 95% for pure white chalks ; the balance 
will be mainly silica, a little alumina, and 
magnesia. 

Type 4. — Magnesian limes are defined as 
those containing over 5% MgO ; but most of 
the British magnesian limes approximate to the 
proportions of dolomite, i.e. 35-40% MgO, 
with a little silica and iron. A few specimens 
of the “ lean ” type may contain more silica and 
less magnesia. 

Type 2. — The moderately hydraulic limes 
(known in the south-east of England as “ grey- 
stone ” or “ grey ” limes, which must be 
distinguished from the “stone” lime of the 
Midlands, which is high calcium mountain lime, 
and from the “ grey ” lime of the West Country, 
which may be a liassic lime) have up to 12 
or 15% of “soluble” silica and alumina, with 
usually a low magnesia content and some iron. 

Type 3. — The eminently hydraulic limes, 
generally derived from thin-bedded deposits 
rich in clay and shale, are of variable com- 
position, and may contain up to 30% of 
“ soluble ” silica, up to 7 or 8% of alumina, 
but usually not over about 2% of magnesia. 
The CaO content thus ranges from about 50 to 
75%, though some Blue Lias limes (3 (a) ) may 
show up to 80% CaO, thus overlapping the 
greystone limes. Those with the lowest CaO 
content are virtually “ natural cements.” 

Manufacture. 

The manufacturing processes are compara- 
tively simple, and consist in : (a) “ burning ” 
the rock or other raw material in some type of 
kiln ; (6) sorting and picking (and occasionally 
grinding) the quicklime produced ; and (c) (in 
the case of a dry hydrated lime) hydration 
of the quicklime with a limited amount of water, 
storage for a short period, and sifting or air 
separation to remove coarse, unslaked particles 
and unsound material. 

The “ burning ” is the dissociation by heat 
of the calcium (and magnesium) carbonate into 
“ lime,” CaO (and MgO), and carbon dioxide, 
requiring approximately 770 B.Th.U. per 
pound (less for magnesia). The temperatures 
used range from about 900°C. for hydraulic 
limes to 1,200° or even 1,400 C C. in the case of 
high calcium mountain limes burnt in primitive 
mixed-feed kilns. The types of kiln are legion — 
intermittent and continuous, mixed feed and 
“separate feed” (i.e. separately fired, by coal 
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Table 4. 

Principal British Limestones Burnt for Lime. 


Variety. 

High Calcium. 

Mag- 

Hydraulic. 

Chemical 

Composi- 

tion. 

Mainly CaC0 3 

CaC0 3 

MgCOj 

CaC0 3 and varying proportions 
of clay-matter 
(“ AI,O s *2SiO t -2HjO ”) 

Type 


1 


4 

2. Moder- 
ately 

3. Eminently Hydraulic 


(i) 

(6) 

W 

Descrip- 

tion. 

Mountain 

White 

Chalk 

Oolitic 

High 

3ian (Do- 
lomitic) 

Greystone 

Blue Lias 

Chalk 

Marl 

Scotch 

(shaley) 

Carboni- 

ferous 

Geology 

Carboni- 
ferous 
(Massiv e) 

Upper 

Cretaceous 

(Upper 

Chalk) 

Oolitic 

Permian 

Upper 

Cretaceous 

'chalk) 

Liassic 

Lower 

Cretace- 

ous 

Carboni- 

ferous 

(thin- 

bedded) 

Principal 
District 
of Obiqin. 

Buxton, 
Mcndips, 
Forest of 
Dean, S. 
Wales and 
N. Wales 

Thames 
Basin, S.E 
England, 
Yorkshire, 
E. Anglia 

Oohtic 

belt 

(Bath, 

Portland, 

etc. 1 ) 

Narrow 
Permian 
belt. 
South 
Shields 
to Mans 
field anc 
Notting- 
ham 

Thames 

Basin 

(home 

counties) 

Liassic 

belt 

(Rugby, 
Barrow, 
Aber- 
thaw, 
Bndgend 
and in 
Somer- 
set) 

Cam- 

bridge- 

shire 

S Scotland 

(Glasgow 

district) 


1 Mainly used for building stone. 


or producer gas), rotary, and chamber kilns all 
being employed. 

The hand-picking and forking of the burnt 
hme is almost the only quality control in genera! 
use, removing fuel ash (in mixed feed kilns', 
overbumt and underburnt stone : a picking belt 
is employed m the most modem works. On 
account of the short-sighted demand for large 
lump lime .in building there is a heavy wastage 
in smalls, some of which waste is now being 
avoided by dry hydration and the sale as 
hj drate. Care is needed, therefore, to see that no 
rubbish goes to the hydrator. 

Slaking Conditions. 

Slaking, or hydration of CaO to Ca(OH) lt 
necessarily precedes most employment of lime. 
For atnctly chemical purposes, the precise 
physical condition of the slaked hme may be a 
matter of indifference. For some purposes, 
however, rapid setting may be required; for 
others, and especially for use in building, veiy 
small particle-size, alow setting, and high bulk- 
ing are demanded. The rate of setting, the 
“ i olume-yield,” and the plastic working 
qualities of the lime putty have been found to 
"depend to a large extent on the precise slaking 
conditions employed, so that both for practical 
purposes (as outlined below) and for standard 
test purposes, a set of conditions adjusted 
precisely to the tj pc of hme is adopted. The 


optimum conditions may vary according to the 
conditions under which the hme has been burnt. 
The amount of residue left after slaking will also 
depend on the method of slaking ; the aim when 
the hme is to be employed in building «s to 
obtain as Bmall a residue as possible con- 
sistent with the removal of all unsound and 
potentially dangerous material. In general, 
dry hydration to powder produces a material of 
much coarser grain and less plastic in pro 
perties, than slaking m an excess of w ater to a 
putty. Dry hy dra ted lime mast be distinguished 
from ground quicklime, which, when made by 
grinding a high calcium lime, may be dangerous 
to transport or store, owing to risk of fire from 
accidental access of moisture. 

Properties and Use. 

Type 1*- High Calcium . — These limes are rapid - 
slaking, with large evolution of heat, and afiord 
a high “ volume yield ” (volume of hme putty ot 
a certain fixed consistence per unit weight ot 
quicklime taken). They are usually “ plastic 
in the plasterer’s sense, the Mountain typo 
more so than the Cretaceous. Being o° n ' 
hydraulic, “ setting ” of a high calcium h®® 
mortar or plaster is by drying only, aniJ 
when continuously moist such limes never 
“ set,” so that they are unsuitable for use m 
damp situations. Any hardening is by a slow 
process of absorption of atmospheric carbon 
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dioxide, which penetrates extremely slowly into 
the mass and depends on a favourable degree of 
moisture as well as on free access of air. Under 
favourable conditions, in time a considerable 
degree of strength can be attained, and in their 
own districts high calcium limes will be preferred 
to any other for building purposes, and even used 
in preference to Portland cement mortar in high 
walls. 

Por “ chemical ” uses the high calcium lime 
will almost always be preferred. 

Type 2. Moderately Hydraulic . — These com- 
prise mainly the “ greystone ” limes of the 
Thames basin. They are generally quick- 
slaking, and give a fair “ volume-yield ” of 
putty and a workability comparable with that 
of a white chalk lime. As usually employed 
for plastering in the south of England, they are 
run to putty and stored in this condition for 
some weeks before use, in which case a large 
proportion of the hydraulicity has naturally 
vanished by the time they are used ; but if 
used as soon as may be safe and practicable 
after slaking, or as a dry hydrated product 
which is merely mixed with water and employed 
like cement without delay, they exhibit a very 
useful degree of hydraulicity, setting out of 
contact with air and in a damp situation. The 
set is slow, three months being required for 
the development of a large proportion of the 
ultimate strength. 

Type 3. Eminently Hydraulic . — The British 
eminently hydraulic limes vary widely in 
properties, and require correspondingly different 
treatments when employed for their principal 
purpose, namely as mortar limes for building. 
Unlike tho corresponding products on the 
Continent, they are usually marketed in an 
unslaked condition, often as “ ground lime,” 
and any further preparation for use has to be 
made on tho budding site, often by unskilled 
labour. Such slaking as is carried out here on 
the sito is only a crude version of the highly 
developed processes employed on the Continent 
for preparing their eminently hydraulic limes, 
viz., alternate crushing, watering, storage in 
sdos or huge piles, sifting, light crushing, etc., 
etc. By the latter named methods two or three 
products, of varying degree of hydraulicity, are 
prepared from the same material, all non-expan- 
sivo and sound, and the slow-slaking 
“ grappiers ” are separated. 

Type 3 (a), Liassic, may be rapid-slaking 
(almost explosively so in fine powder form) and 
showing a largo expansion in the process. Some 
varieties can bo slaked to a puttj 7 ', but the 
usual method is to dry hydrate the lump quick- 
lime in a large pile, cover with sand and leave 
for 24-48 hours to heat up and steam before 
mixing with more water and sand for use. 

Types 3 (b) and 3 (c) may contain so little free 
limo that they will bo described as “ non- 
slaking,” and are then used (as ground quick- 
lime) just as if they were Portland cement: 
any expansion must take place before the mortar 
has hardened if trouble is to be avoided. 
Some show a flash set, duo to the rapid adsorp- 
tion of the mixing water by tho unslaked lime. 
Eminently hydraulic limes, in general, usually 
harden somewhat moro rapidly than the 
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moderately hydraulic, type 2, but more slowly 
than Portland cement. 

Type 4. Magnesian . — The British magnesian 
limes are slow-slaking, and generally not all of 
the magnesium oxide present will hydrate to 
magnesium hydroxide, Mg(OH) 2 , under con- 
ditions adequate completely to hydrate the 
lime : accordingly there is a danger that unless 
very thoroughly slaked they may contain slow- 
slaking particles which will slowly expand (by 
slaking) in the finished work, and produce 
symptoms of unsoundness. They are employed 
mainly as mortar limes, and are, quite justly, 
greatly valued as such in their own territory, 
where the knowledge of their correct treatment 
is traditional. For mortar they are preferably 
slaked as type 3 (a) above. A. D. C. 

IV. Magnesium Oxychloride Cement. 

Magnesium oxychloride cement (“ magnesian 
cement ”) was first described by Sorel 1 in 
1867. The commercial applications of the 
material were soon realised and it is now widely 
used as a building material, chiefly in the 
manufacture of patent “ composition ” floors 
and wall-coverings 

When magnesium oxide, prepared by calcining 
the carbonate at a moderate temperature (about 
700°C. to 1,000°C.), is made into a paste with 
a strong solution of magnesium chloride, the 
mass sets forming a hard, strong cement. 
The reaction has been the subject of many 
investigations, and it is now generally accepted 
that the setting of the cement is due to the 
formation of hydrated magnesium oxychloride, 
although the exact composition of the latter is 
still somewhat uncertain. 

Bender, 2 examining the set cement after it 
had been exposed for 6 months in the air, 
found it to consist of a mixture of MgC0 3 
with 5Mg0,MgCI 2 ,17H 2 0. By prolonged 
treatment with water the whole of the magnesium 
chloride was extracted, leaving a compact, 
hard residue of 2Mg0,3H 2 0. 

Kallauner 3 advanced the view that the 
cement is a solid solution and not a definite 
compound. 

Lukens 4 studied the reaction between MgCI 2 
solutions and MgO obtained by igniting 
Mg(OH) s and found that the oxide dissolves in 
the solution of the chloride with subsequent 
precipitation of a compound corresponding to the 
formula 5Mg0-MgCI 2 ,xH 2 0. This com- 
pound, on continued treatment with magnesium 
chloride solution of specific gravity greater than 
1-16, is converted into 3Mg0-MgCI 2 -7H 2 0. 

Bury and Davies 6 studied the system 
MgO — MgCI 2 — water, previously investigated 
by Robinson and Waggaman 6 and Maeda and 
Yamane.’ At 25°C., the solid phase co- 
existing with dilute solutions of tho chloride was 
found to be Mg(OH) 2 . Gels were formed at 
25°C. when the concentration of MgCI 2 — H 2 0 
was 9-7% or more. The nearest formula for the 
oxychloride was 10MgO-3MgCI 2 ,35H 2 O or 
3MgO - MgCI 2 ,1 1 H 2 0. The latter was only 
stable in contact with solutions containing 
10-9% or more of MgCl 2 , and was not formed 
spontaneously on either MgO or Mg(OH) 2 
by solutions containing less than 13% MgCi 2 . 
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A typical pure magnesium cement, containing of the cement it will produce, e g. the setting 
no filler, was found to contain 43% MgO, 12% time, strength, and volume constancy. It a 
MgCI 'and45%H,0 In a cement containing important for a flooring contractor to be sure of 
fiflera as used m practice the proportion of obtaining supplies of magnesite of constant 
MgCI. would be higher At 25 C C. the cement properties. _ _ 

is composed of three phases, hydroxide, oxy- A useful characteristic of magnesium oxy 
chloride, and a 10 9% solution of MgCI, The chloride cement is its strong cementitious action 
latter liquid constitutes 10-14% of the mass ; towards fibrous organic fillers such as Bawdnst, 
thus, although the set cement is hard, it must be as well as sand _and_ other inorganic aggregates, 
porous. The cement 13 unstable when exposed The action is maintained even when the magnesia 
to the atmosphere, the Mg (OH), becomes is diluted with several times its own volume of 
carbonated, and the 10 9% solution of MgCI, filler The fillers most commonly employed in 
will adsorb moisture if the atmospheric humidity practice are sawdust, wood flour, and asbestos 
exceeds 93%. Adsorption of moisture decom- fibre together with a smaller proportion of finer 
poses the oxychloride, ultimately converting the material such aB talc, ground silica, or barytes 
cement into Mg(OH), and a ddute solution of The composition of mixes can be varied widely 
MgCI, In practice, disintegration from this according to the type of product required, 
cause is reduced as the result of carbonation. Floors and wall-covenngs are often laid in two 
and also by the customary treatment of the coats, the first containing a high proportion of 
surface With Oil or wax coarse fibrous fillers (eg. 3 to 4 volumes of 

Chaa6event * found that the setting of mag sawdust to 1 volume of magnesia), while the 
nesium oxychloride cement consists essentially finishing coat is made up with finer material 
in the precipitation of a supersaturated solution ( eg . 2 j volumes of wood flour and a little talc 
of magnesia in magnesium chloride solution or asbestos fibre to 1 volume of magnesia) to 
The total quantity of MgO dissolved before facilitate the production of a dense, hard, 
setting commences is dependent upon the polished finish. Hard wearing factory floors are 
concentration of the MgCI, solution , after the sometimes made with inorganic fillere only, 
latter exceeds 10%, the rate of precipitation Mixes made with coarse and fine sand have been 
increases rapidly and becomes very marked when used for external stucco work in the U.SA.' 
the concentration is higher than 30% Those Similar hard aggregates are used in preparing 
solutions which yield the greatest amount of pre cast flooring tiles, table-tops, etc. 
supernatural ion are tbo«e which lead to the The most suitable pigments are those of the 
earliest development of high compressive permanent type, such as the earth colours and 
strength. Magnesium hydroxide dissolves only chromic oxide. 

very slowly m MgCI, solutions, and this Both pigments and fillets should be inert 
accounts for its slow setting and feeble hardening towards the active ingredients of the cement, 
Free lime, which is present to varying extents they should contain no free lime, and their 
in commercial samples of magnesia, may exert content of water-soluble matter should b« 
a deleterious effect on the cement, causing low. 

expansion and weakening *• 11 The magnesium chloride solution used for 

Other chlorides, e g CaCI, and FeClj.canbe “ gauging ” the dry ingredients of the mixture B 
substituted for MgCI, and under suitable prepared fey dissolving the commercial “ fused 

conditions are capable of giving strong cements. lump ” or flakes in water. The strong solution 
Dolomite, calcined below the dissociation 13 diluted to the requisite specific gravity, thn 
temperature of CaCO,, can form strong cements being usually quoted on the Baum^ or the 
with either MgCI, or CaCI, »* Canadian Twaddell scale. Some latitude is permissible m 
magnesitic dolomite has been used successfully the strength of the solution, but 20° to 23 °£e 
in producing magnesia suit able for flooring (sp. gr. 1-16 to 1-19) is suitable for most mixes'. 
work. 1 ’ The mixture is “ gauged ” with the minim um 

Magnesia of the type used m the manufacture amount of solution necessary to produce a wora- 
of the cement is described as “caustic” or mg consistence, avoiding any excess, since this U 
“ plastic ” magnesia, in distinction from the liable to prove deleterious to the product 
“ dead burnt ” magnesia (relatn ely inert The background on which the cement U to 
towards MgCI,) which is used for refractories be laid is first moistened and the mass then 
and other purposes. placed thereon and compacted thoroughly. 

The caustic magnesia used in England is The setting-time varies considerably witn 
obtained chiefly from Grecian and Indian different mixes and conditions, hut setting i* 
magnesites; m these, the content of calcium usually complete within 24 hours. When the 
and iron compounds and other impurities is finishing coat has been laid, a smooth surface 
usually low. The chemical punty of a sample, is produced by scraping, trowelling, washing 
however, is not in itself a criterion of the with a weak solution of the chloride, ana 
suitability of the material for use in cement scrubbing with fine steel wool. The surface 

work, since the active properties are largely when hard and dry is finally treated with oil or 

controlled by various factors in the calcination wax. 

process, and by the fineness of grinding of the Certain precautions are necessary when lay^g 
product.*® They may also be affected by oxychlonda cement in buildings. The chlonoe 
subsequent exposure of the magnesia to air. ** solution is liable to cause corrosion in iron ana 
It is neceseary, therefore, in selecting a sample steel work ; hence the latter must be protected- 
of caustic magnesia, to take into account not Iron pipes passing directly through the cemen 
onlyits chemical analysis, but also the properties should be carried through sleeves. Structural 
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steel, service pipes, conduits, etc., lying beneath 
the cement should be coated with a protective 
paint. Cases have been known in which 
chloride, finding its way through porous or 
cracked concrete, and so into contact with 
unprotected steel joists, has caused extensive 
damage. 

It is necessary to prevent the adsorption of 
chloride by neighbouring floors and walls, 
since it is likely to give rise to permanently 
damp patches. Plaster-work adjacent to oxy- 
chloride cement work should be insulated by 
means of fillets. 

The possibility of subsequent movement and 
cracking of the cement will be minimised if the 
surface of the background is well roughened so 
as to provide an adequate “ key.” When 
roughening is impracticable, as in the case of 
wooden or steel sub-floors, some form of artificial 
anchorage should be provided. When the 
cement is laid over large areas, it is advisable to 
provide one or more “expansion” joints. 

In its chief use, i.e. as a flooring material, 
magnesium oxychloride cement possesses advan- 
tages in respect of appearance, warmth, light- 
ness, and resilience, combined with high 
strength. During recent years there appears 
to have been some lack of care and discrimina- 
tion in the use of the material in certain cases, 
and troubles due to cracking, swelling, or 
“ sweating ” of floors, and corrosion of steel- 
work have sometimes been experienced. Where 
proper control is exercised in the processes of 
manufacture and laying, such defects should not 
occur. 

West, Sebastian, and Darrow give a Biblio- 
graphy of Magnesian Cements 14 comprising 211 
classified references. 
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V. Natural Stones. 

Many varieties of rock have been used as 
building stone. Domestic and ecclesiastical 
buildings frequently reflect the nature of the 
country rocks, but where supplies of suitable 
materials were lacking, stone was carried long 
distances even in early times. W T ith modem 
transport facilities choice can be founded on 
suitability, aesthetic considerations, or fashion 
rather than on accessibility. 

Building stones can be broadly classified as : 

(а) Granites. 

(б) Limestones. 

(c) Marbles. 

(d) Sandstones and grits. 

(e) Slates. 

Details regarding individual varieties may be 
found in the works of W T ats‘on and others, cited 
below. 

Granites are rocks of igneous origin consisting 
of dense aggregates of interlocking crystals of 
quartz and various silicate minerals (felspar, 
micaj hornblende, augite, etc.). A wide range 
of textures and colours is available. The many 
other varieties of igneous rock recognised and 
classified by geologists are not so widely distri- 
buted as the granites and, except locally, they 
are less commonly used for building. An 
exception is the iridescent augite-syenite from 
the Laurvik district of Norway, familiar in 
Great Britain as dark, light, or emerald pearl. 
In commerce the term “ granite ” is often 
incorrectly applied to any type of igneous rock, 
and even to hard rocks not of igneous origin. 
“ Mendip Granite,” for instance, and the “ Petit 
Granit ” of Belgium are both limestones. 

Limestones and marbles consist essentially of 
crystalline calcium carbonate, usually in the 
form of calcite. Magnesium carbonate com- 
monly occurs in small amounts. In the 
magnesian limestones it occurs in more or less 
equimolecular proportions with calcium car- 
bonate. Limestones are sedimentary rocks. 
Strictly, a marble is the product of meta- 
morphism of a limestone, but in commerce any 
limestone that will take a polish is commonly 
described as marble. Many varieties of struc- 
ture are met with among limestones. They 
may be hard, dense rocks like those commonly 
met with in England in the Carboniferous and 
Devonian deposits or they may be relatively 
soft and porous like those of the Jurassic and 
Cretaceous deposits. In Great Britain the 
Jurassic rocks have furnished the more widely 
used varieties of limestone. Their essential 
qualities depend on physical structure rather , 
than on chemical composition. 

Sandstones and grits consist essentially of 
grains of quartz, with felspar, mica, and other 
mineral residues from the igneous rocks of which 
they are the sedimentary degradation products. 
The term 11 gnt ” is applied to the coarser 
varieties of sandstone. The mineral grains mav 
be angular or more or less rounded. They are 
generally united with a cementitious material 
which may be siliceous, ferruginous, calcareous, 
or argillaceous in character. The grains may 
be relatively sparsely scattered in the secondary 
cement, or they may be closely packed, with but 
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email amounts of Intergranular material. In 
the rare deposits of “ flexible sandstone ” found 
m India and Brazil there is no cementitious 
binding material ; the cohesion of the rock 
depends on an interlocking of the individual 
grains. 

Slate is a metamorphic rock. Its essential 
character is that it can be Bplit in a direction 
which is independent of the bedding of the fine- 
grained sedimentary strata from which it 
originated. Numerous minerals are usually 
recognisable ; some, original grams present in 
the parent rock ; some, secondary products of 
metamorphism. The fissile character of slate 
is due to an orientation of tabular minerals 
such as mica in planes perpendicular to the 
direction of the earth pressure which con- 
tributed to its formation A few varieties of 
fissile sedimentary rock, which are not true 
slates because they cannot be split except along 
the bedding planes, have been used as roofing 
materials. Examples are the stone tiles of 
Stonesfield and Collyweston. 

Flint, serpentine, soapstone, or potstone, 
latente, and other miscellaneous rocks have 
been used locally as building stone. Each of 
these is considered nnder its respective heading. 

The structures of building atones can be 
conveniently studied in thin section under the 
microscope. Impregnation with synthetic resms 
facilitates the preparation of sections of soft and 
friable materials, and if the resin is suitably 
coloured the method is of assistance m the study 
and classification of structures. 

Causes of Decay. 

There is abundant evidence in old buildings 
that good stone, properly used, is a very durable 
material. But, like the rocks in nature, building 
stones are subject to the action of agents of 
weathering and decay. The causes of weather- 
ing are many No one agent can be made the 
scapegoat for all decay. Broadly speaking, it 
may be said that coarse-textured igneous 
rocks are detrimentally affected by temperature 
changes ; that calcareous materials are suscept- 
ible in varying degrees to attack by water carry- 
ing in solution carbon dioxide and acid sulphur 
gases derived from coal smoke ; and that all 
porous stones are more or less readily damaged 
by soluble salts. Stone may also become 
seriously decayed by faulty handling, by ill- 
judged choice or association of materials, or by 
ill-advised methods of treatment ; such technical 
errors which may bring a good stone into dis 
repute, may, however, bo avoided. 

Because the minerals present have different 
coefficients of expansion repeated alternations of 
temperature cause a loosening of the structure 
of granites and similar rocks, and, m time, 
possibly by the action of frost on the fissured 
material, the exposed surfaces become very 
friable. A temperature effect of a grosser kind, 
which may affect any type of building stone, is 
the severe cracking and spalling that occurs if 
long lengths of masonry are fixed without expan- 
sion joints between massive abutments. Frost, 
another thermal agent, is only effective in the 
presence of moisture. Except with argillaceous 
materials and with those porous matenals which 1 


by virtue of their stiuctural characteristic! 
become very highly saturated by rain, frost 13 
believed to be a relatively unimportant primary 
cause of decay in Great Britain, though it may 
often have some contributory effect when the 
stone has been weakened by other causes. 
Measurement of the saturation coefficient 

water absorption by volumeX 

ratio ; f 1 , 

total porosity / 

a term due to Hirschwald, is a useful entenon 
of frost resistance. But even stones with high 
saturation coefficients are seldom seriously 
affected by frost except in copings and similarly 
exposed situations. Measurement of the satura- 
tion coefficient of porous limestones often affords 
an indication of general durability, but this 
does not imply that frost is always a major 
cause of decay. The reason is that both dura, 
bihty and saturation coefficient are dependent 
on structure. 

Pollution of the atmosphere by coal smoke- 
much of it of domestic origin — is responsible 
for disfiguration by soot deposits, and decay due 
to the chemical action of acid sulphur gases 
forming calcium and magnesium sulphates m 
limestones and other calcareous materials 
Pollution products aTe widely distributed by 
clouds and wind, and their effects are often 
apparent in districts far removed from centresol 
population. 

Contamination by soluble salts other than 
those formed by atmospheric agencies is 8 
common and avoidable cause of decay. Alkali 
salts also cause staining of limestones. Soluble 
salts may originate in various sources including 
the soil, brick and concrete backing matenals, 
jointing matenals, and chemical cleaning agents 
Decay of limestone frequently follows contact 
with sea water, but although the air of seaside 
towns contains appreciable amounts of chlorides 
the condition of ancient buildings on the co«9t 
demonstrates that chlorides are not adsorbed 
from the air in sufficient quantities to exercise 
senously detrimental effects Soluble salts 
frequently appear on the surface as efflorescent 
deposits the composition of which vanes con- 
siderably according to their origin. Sulphates 
and carbonates of sodium, and magnesium 
Bulphate, commonly occur. Contrary to common 
belief calcium sulphate is rarely a major con- 
stituent of efflorescences. 

Contamination with soluble salts may cause 
very serious disfiguration and ruin stone of the 
highest quality. Every effort should be made 
to avoid it. Soil moisture and salts may be 
adsorbed through ineffective damp proof courses 
Paving is sometimes laid above the level of tns 
damp-proof course; splashing may introduce 
salts above the damp proof course. For these 
reasons the use of granite of good quality m 
base courses has much to recommend it. i»M<* 
masonry 13 laid in contact with brick backing 
it is an advantage to apply a bituminous pam 
to the back of the stone; a slurry of hm® ® 
cement is useless for the purpose. It 1 3 *" 
desirable with permeable stones to «> T 
cornices and string courses with lead flaani r“ 
to prevent excessive penetration of ram wa 
to the backing materials. Marble linings sbo 
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be fixed with plaster of Paris. Portland cement 
and Keene’s cement provide soluble salts and 
should not be used. As a further precaution to 
avoid contamination from the backing materials, 
the back of the marble, including the dowel 
holes, should be treated with shellac. The 
use of alkalis or other chemical agents for 
cleaning stone should be avoided as such use 
is a common cause of salt contamination. 

In the presence of calcium sulphate or other 
soluble salts the use of dense mortars which 
limit evaporation through the joints may 
accentuate decay in the adjacent stone. Ancient 
buildings have often been damaged by in- 
judicious repointing. Mortars rich in Portland 
cement should be avoided and the mortar should 
not be excessively trowelled ; a brushed finish is 
preferable. 

Lichens occasionally cause pitting of the stone 
surfaces on which they grow, but their action is 
seldom important. They are not found where 
the atmosphere is heavily polluted by coal 
smoke. Ivy is detrimental particularly to 
ruined structures where the aerial roots can gain 
foothold in the joints. In spite of prolonged 
researches no convincing evidence has yet been 
adduced to show that micro-organisms play 
any significant part as causative agents of decay. 

Choice and Testing of Building Stone. 

Custom, ready availabilityin the sizes required, 
and cost are often controlling factors in the 
choice of building stone. Questions of colour, 
texture and ease of working need consideration. 
Durability is generally important. Often in 
stone selected for carving, durability is sacrificed 
for uniformity and appearance. Wide varia- 
tions in quality are found within each group of 
materials. Different strata in a quarry may 
have widely different properties, and the 
quarryman’s claims to be able to differentiate 
between good stone and bad aro not always 
substantiated by events. The examination of 
existing buildings often provides valuable 
information as a guide in selection of stone, but 
the information so obtained can often be usefully 
supplemented by the application of laboratory 
tests. The quality of a stone can be assessed 
by means of relatively simple tests, the nature of 
which depends upon the character of the stone. 
Crushing strength is not a criterion of quality. 
Chemical analysis affords little help. Micro- 
scopical examination is useful, particularly in 
classifying different types of structure, but 
further practical tests are usually required. 
Simple acid immersion tests, crystallisation 
tests, and tests depending on measurements of 
the capillary characteristics of porous materials 
arc x-aluable. With all tests of this kind it is 
essential that an adequate range of information 
on samples of known quality from buildings 
should bo available as a basis for interpretation. 
When small quantities of stone are required for 
monumental purposes it is practicable to test 
each block. For work on a larger scale the 
most satisfactory procedure is to sample the 
quarry systematically. Tests can then be 
applied to ascertain what range of quality is 
likely to bo encountered. The most durable 
seams may then be located and visible charac- 


teristics of the stone of good and inferior 
quality may sometimes be noted to serve as a 
guide in selection. 

Restoration, Preservation and Cleaning. 

The restoration of old masonry can be carried 
out by replacement with new stone or by 
rebuilding defective parts with a plastic material. 
If new stone is used it is important to choose 
material of a similar kind to that in the building : 
limestone should be repaired with limestone, 
sandstone with sandstone. Magnesian lime- 
stones present special difficulties owing to the 
formation of highly soluble magnesium sulphate 
on weathering. The execution of plastic repairs 
is a skilled operation. Work of this character 
should either be placed in the hands of a special- 
ist firm or should be carried out under experi- 
enced supervision. It is very important 
that the repairs should be securely keyed into 
the stone by undercutting, and, where necessary, 
by provision of dowels of non-corrosive metal. 
“ Feather-edging ” should be avoided. Further- 
more, plastic repairs should be substantial : the 
application of thin renderings over slightly 
eroded stone is a misuse of the method of repair 
and is never satisfactory. 

Various materials have been employed as 
“ stone preservatives ” with the object of water- 
proofing or hardening the stone, but in general 
the results, extending over the past 75 years, 
have been disappointing. It cannot be too 
forcibly stated that good stone does not need 
preservative. Recognition of this rule would 
save much unnecessary expense. A good oil 
paint applied to a surface in sound condition 
when the stone is suitably dry has very good 
protective properties, but it needs renewal 
every few years. The use of paint for this 
purpose is often objectionable on account of its 
appearance. The protective power of colourless 
stone preservatives is very definitely less than 
that of paint, and such materials need renewal 
even more frequently.' Their effect on appear- 
ance is apt to be objectionable and there is 
often a danger that ultimately the treated 
surface may flake off. Where decay is associated 
with the presence of efflorescent salts surface 
treatment of any kind is unquestionably useless. 

For the treatment of stone contaminated with 
soluble salts washing with water to remove the 
salts is the only method that can safely be 
employed. Steps should first be taken to 
ascertain the origin of the salts and to take such 
measures as may be found necessary to remedy 
any defects that may be present. Excessive 
water penetration through copings, sills, string 
courses, and similar catchment surfaces, and 
adsorption of soil moisture through defective 
damp-proof courses are common causes of 
efflorescence that can be remedied. The 
surface should then be brushed to remove 
salts and loose particles, and, after removing 
any accumulation of debris from the foot of the 
wall, the surface should be washed with plenty 
of clean water. The brushing and washing need 
to be repeated as long as salts continue to re- 
appear as the stone dries. 

Periodical washing is a useful method of 
maintenance of stone buildings. Very dirty 
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buildings can be cleaned by scrubbing with 
bristle brushes assisted by a jet of water or 
steam. Sometimes it is necessary to scour the 
surface with gritstone or carborundum, a 
practice which is not necessarily harmful to 
the stone. The alleged development of a pro- 
tective skin due to the drying out of the quarry 
sap has little foundation m fact. The hard, 
discoloured skin which is usually present in 
sheltered places, especially on limestones, 
consists largely of calcium sulphate and 13 not 
protective. 

With the exception that the use of ammonia 
is permissible for the removal of green copper 
stains, chemicals should not he used for cleaning 
stone The use of acids or alkalis to facilitate 
cleaning commonly causes serious subsequent 
decay Reputable firms engaged in stone 
cleaning and restoration are prepared to 
guarantee that chemicals will not be used, and it 
is inadvisable to employ any process for which 
the operators are not prepared to give this 
guarantee. Weather stains which cannot be 
removed by water or steam should be allowed to 
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VI POBTLAND AND OTHER HYDRAULIC CeMISTS 
and Concretes * 

Portland Cement. 

This is by far the most important construc- 
tional cement and its world production exceeds 
70,000,000 tons per annum Its invention u 
usually attributed to Joseph Aspdm, of I/ieds, 
who took out a patent in 1824. Isaac Johnson, 
however, claimed to have been the first 
to suggest firing at a sufficient temperature to 
produce vitrification The name was given to 
the material on account of some resemblance in 
colour of the set product to Portland stone 

Composition. 

Portland cement is composed of lime, silica, 
alumina, and feme oxide together with small 
amounts of magnesia, titania, and alkalis. A 
few per cent, of gypsum are also added during 
grinding to control the set of the product. A 
typical analysis is as follows : 


1 In thi3 section the word “cement" is used tom”' 
a calcareous compound employed In building 
does not refer to adhesives such as glue 



BUILDING MATERIALS. 


141 


Appreciable variations from the above values 
may occur and the ranges which the various 
constituents may show are about : CaO 60-67%, 
SiOj, 17-25%, Al 2 0 3 3-8%, Fe 2 0 3 2-6% 
(dropping as low as 0-5% in white Portland 
cement), MgO OT-5-5%, Na„0+K„0 . 05- 
1-5%, SO, 1-3%. 

The limits laid down by the British Standard 
Specification are as follows : The molecular 
ratio of lime (after deduction of the proportion 
necessary to combine with the sulphur trioxide 
present) to silica plus alumina shall not exceed 
3'0 nor be less than 2-0. This ratio 
CaO 

Si0 2 + Al 2 0 3 

is called the British hydraulic modulus. The 
content of magnesia shall not exceed 4%, that 
of sulphur trioxide 2-75%, the ignition loss 3% 
(4% for hot climates). The content of matter 
insoluble in dilute acid shall not exceed 1-0%. 

Portland cement is formed by a clinkering 
process in which the raw materials are heated 
to a temperature such that only a portion, some 
20-30%, of the mix, is melted. Much work has 
been carried out to determine the nature of the 
compounds formed and the constitution is now 
fairly clear. Studies on the phase equilibria in 
the ' systems Ca0-Al 2 0 3 -Si0 3 (Raukin 
and Wright, Amer. J. Sci. 1915, 39, 1), CaO- 
Al 2 0 3 -Fe 2 0 3 (Hansen, Brownmiller, and 
Bogue, J. Amer. Chem. Soc. 1928, 50, 396), 
CaO-Al 2 0 3 -SiO 2 -Fe 2 O 3 (Lea and Parker, 
Phil. Trans. 1934 (A), 234, No. 231, 1 ; Lea, 
Cement, 1935, 8, 29), have shown that the com- 
pounds formed from lime, alumina, silica, ferric 
oxide, in Portland cement clinker are 
3CaO-SiO a , 2CaOSiO s , 3Ca0A! 2 0 3 , 
4Ca0-AI 2 0 3 -Fe 2 0 3 , and sometimes 
5Ca0-3AI 2 O 3 . The magnesia is present in 
part, and perhaps entirely, as the free oxide. 
Little is definitely known of the mode of 
combination of the alkalis and titania. A cer- 
tain amount of glass may also be present owing 
to the failure of the liquid formed during 
clinkering to crystallise completely on cooling. 

Most cements contain a small amount of 
uncombined lime due to incomplete combina- 
tion in burning. The content may vary from 
0-5%. The larger proportion of this is usually 
converted to the hydroxide during grinding of 
tho cement by combination with water derived 
from the added gypsum. The minerals which 
could be identified in Portland cement were 
formerly called alite, belite, celite, and felite 
before their composition was known. Alite is 
tricalcium silicate, belite and felite are both 
forms of dicaicium silicate, while the celite 
is probably to be identified as tetracalcium 
aluminoferrite. 

Tricalcium silicate has all the essential cement- 
ing qualities of Portland cement. The ground 
material sets in a few hours and develops 
strength rapidly. Dicalcium silicate sets only 
very slowly over several days and does not 
‘develop appreciable strengths until after 28 days. 
The strength progressively increases with age 
and after a year or more equals that of tri- 
calcium silicate. Tricalcium aluminate gives an 
almost instantaneous set with water and 


develops much heat. Addition of gypsum or 
lime retards the set somewhat. The compound 
4Ca0-Al 2 0 3 -Fe 2 0 3 also sets rapidly, though 
less so than tricalcium aluminate. The extent 
to which these two compounds contribute to 
the strength of Portland cement is uncertain, 
but it seems that tricalcium aluminate m ay make 
a contribution to the strength developed over the 
first few days. 

When Portland cement reacts with water at 
ordinary temperatures the silicate compounds 
liberate calcium hydroxide and form a less basic 
hydrated calcium silicate of formula xCa0-Si0 2 
aq. where the value of x is probably 1-5 or 2. 
Hydrated silicates of both these CaO : Si0 2 
ratios exist. The tricalcium aluminate on 
hydration forms either a hydrated tricalcium or 
tetracalcium aluminate. The latter is formed 
by combination with the calcium hydroxide 
liberated from the silicates. The hydrated 
tricalcium aluminate combines with the gypsum 
present to form calcium sulphoaluminate : 

3Ca0-Al 2 0 3 +Aq.=3Ca0-Al 2 0 3 . aq. 
3Ca0-AI 2 0 3 . aq.+ CaS0 4 ,2H 2 0+aq. 

= 3Ca0AI„0 a -3CaS0 4 ,31 H a O 
3CaO'Alo0 1 +Ca(OH),+ 12-5H. ) 0 

=4Ca0AI 2 0 3 ,13-5H 2 0 

At least three different hydrated tricalcium 
aluminates exist : 

3Ca0-Al 2 0 3 ,6H 2 0 (cubic), 
3Ca0-Al 2 0 3 ,1 2H s O (hexagonal), 
and 3Ca0-AI 2 0 3 ,18H 2 0 (probably ortho- 
rhombic). 

The compound 4Ca0-AI 2 0 3 -Fe 2 0 3 possibly 
forms hydrated tricalcium aluminate and a 
hydrated mono-calcium ferrite, but other 
hydrated calcium ferrites exist and may be 
formed in set cement. 

The hydration of Portland cement is a surface 
action and proceeds only slowly into the 
interior of the individual grains. The depth 
of hydration is less than 10/i after six months, 
and the coarser particles probably never hydrate 
completely. On regrinding an aged set cement 
the reground material will set and harden again 
owing to the unhydrated material present. 

Two alternative theories have been propounded 
to explain the setting of cement. The “ crystal- 
line ” theory of Le Chatelier attributes the 
hardening to the interlocking of crystals 
formed during hydration, as in the setting of 
plaster of Paris. In the “ colloidal ” theory of 
Michaelis it is considered that the hydration 
products of the silicates at least are formed as 
rigid gels, and the development of strength 
is due to the hardening of the gel. This theory 
appears the most satisfactory, since at ordinary 
temperatures the hydrated calcium silicates 
appear to be non- crystalline, and, further, 
certain physical properties of set cement are 
most readily explained on the gel theory. It is, 
however, often argued that the gel is really 
microcrystalline and that the two theories are 
not incompatible. 

Set cement when it dries for the first time 
undergoes an irreversible shrinkage and also 
shows an irreversible change in its vapour 
pressure — water content curve similar to that 
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shown by silica gel. On subsequent cycles of 
wetting and drying there occurs a reversible 
volume chaDge which is less in magnitude than 
the first irreversible movement. 

The hydration of Portland cement is accom- 
panied by a marked heat evolution which 
causes a considerable nse m temperature in the 
interior of large concrete masses. The tn 
calcium alummate contributes most to this 
heat evolution, tncalcium silicate next, and 
tetracalcium ulumino-femte and dicalcium 
sihcate the least. The heat evolution mostly 
occurs over the first seven days of hardening and 
varies from about 40-90 g. cal. per g. at 7 days 
for different Portland cements. 

Manufacture. 

As would be anticipated from the composition 
of Portland cement it can be prepared from raw 
materials of various sorts. Chalk, limestone or 
any other suitable form of calcium carbonate 
can Atf tweif «r t&a swarm? of inn?; rrftcA? fA<?| 
alumina and silica may be derived from clays or 
shales. Materials containing both calcareous 
and argillaceous constituents such as marls, 
argillaceous limestones, and calcareous shales 
can similarly be used. Blast-furnace slag and 
alkali-waste are also used. Minor additions of 
ground sand are also sometimes made when the 
silica SiO,/R t O s ratio of the clay is low. 
In general the manufacture of Portland cement 
can be undertaken at any place where suitable 
deposits of raw materials occur and the cost of 
fuel is not too high. Certain raw materials, 
however, because of ease of handling or of 
grinding and mixing, have advantages. Thus 
the chalk and nver mud of the Thames and Med- 
way, being soft materials which were easily 
handled and mixed, attracted the cement 
industry to that district in the first instance. 
In the Umted States of America the industry 
was first established m Pennsylvania where 
argillaceous limestones approximating in com- 
position to Portland cement, and requiring only 
6mall additions of limestone to correct the 
composition, were available. With the greatly 
increased efficiency of modem grinding mills, 
hard raw materials such as carboniferous lime- 
stones and hard shales can be handled and 
properly mixed: materials of these types are 
now used at many cement plants. 

The following are analyses of some of the raw 
materials commonly employed : 

CAoII. 

Moisture . 19 03 

Sand and clay 0 93 

Combined Bihca (Si0 2 ). . .0 43 
Ferric oxide+ alumina (Fe 2 O s 

+A1 2 0 3 ) 0 48 

Lime (CaO) 1 42 90 

Magnesia { MgO) . . . .0 42 
Carbon dioxide (CO,) . . . 34 16 
Alkalis, organic matter, and 

loss 1 63 

100 00 

1 Corresponding with calcium carbonate (CaCO,) 
76 60 p e. 


Clay. 


Sand 

Combined silica (Si0 2 ) 
Alu min a (A! 2 0 3 ) . 

Feme oxide (Fe 2 0 3 ) 

Lime (CaO) . . 
Magnesia (MgO) 

Sulphuric anhydride (SO s ) 
Combined water and loss . 


2842 

3032 

1549 

7*74 

204 

196 

196 


Limestone. 

% 

Insoluble silicious matter . .020 

Alumina-}- feme oxide (A 1,0, 

+ Fe 2 O s ). ... 

Lime (CaO) . . . 

Magnesia (MgO) . 

Carbon dioxide (C0 2 ) • 

Combined water and loss 


. 5602' 
. 0 24 
. 43 38 
. 0 18 

100 10 


Shale. 


% 

Silica (Si0 2 ) . . . .60 22 

Ferric oxide + alumina (Fe 2 O s 

+AI 2 O s ) 27 20 

Lime (CaO) . . . . trace 

Magnesia (MgO) . .162 

Carbon dioxide-}- water (C0 2 + 

H.O) 4 54 

Alkalis and loss . . . .642 

100 00 


Silica (Si0 2 ) 15-10 

Feme oxide-f alumina (Fe.O, 

7 30 

42-16 
034 
33 51 


+A! 2 0 3 ) , 

Lime (CaO) . . . 

Magnesia (MgO) 
Carbon dioxide (C0 2 ) . 
Water, alkalis, and loss 


1-5! 

10000 


■Whatever the nature of the raw materials tie 
first step in the manufacture of Portland cement 
is to secure their comminution and intimate 
admixture. This is of primary importance, 
since in burning cement the materials are only 
clmkered and not fused and coarse particles 
fail to combine completely. The fineness to 
which the raw materials are ground vanea from 
1^10% residue on a 170 B.S. mesh sieve depend- 
ing on the nature of the materials to be mixed. 

There are two processes of manufacture 
kfcown as the “ wet ” and the “ dry ” process 
111 the wet process the raw materials are g r0 '^~ 
with water to a slurry containing from 35 to 60% 
Water and this slurry is fed to the kilns. Sl<m7 
filters are sometimes used, mainly in the U.SJU 
a hd the resulting wet coke fed to the kiln- 
contains from 20 to 30% water. In the dn 
Process the raw materials are dried, and groima 
t<i a fine powder, and fed to the kiln 
condition. The wet process has- always been 
favoured in Great Britain, but the dry process 
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was formerly favoured in the United States of 
America and elsewhere. Certain raw materials 
such as chalk and clay are most easily treated 
by the wet process, but for rock materials the dry 
process offers some advantages. As, however, 
the wet process renders possible a more accurate 
control of the raw mix than the dry process it is 
now widely used for all types of raw materials. 

The procedure in the wet process varies with 
the nature of the raw materials. In the case of 
soft, wet materials such as chalk and clay the 
two substances are mixed in the required pro- 
portions into a wash mill, which is a large 
tank in which revolves a vertical spindle 
having radial arms from which hang harrows. 
Water is added to give the required fluidity to 
the slurry. The slurry passes through screens 
which retain stones and grit, and is then further 
ground by treatment in another wash mill with 
finer screens, in centrifugal screening mills, or 
in a tube mill. The tubo mill is a steel cylinder 
rotating on its axis and containing a charge of 
steel balls or cylinders, or other grinding 
media. It is often divided into several compart- 
ments containing balls of different sizes. The 
material to be ground enters at one end, passes 
down the cylinder and out at the other end. 


It is ground by the steel balls which are con- 
tinually raised up the periphery of the cylinder 
and continually drop back on to the materials 
being ground. After being ground the slurry is 
pumped to slurry basins or storage tanks in 
which both rotating arms and agitation by com- 
pressed air are used to keep the mixture homo- 
geneous. The composition of the slurry is 
checked by analysis and corrected by suitable 
blending with other tanks, or by adjustment of 
the charge being fed to the wash mills. 

Other methods of preparation of the slurry 
are used when dealing with harder raw materials. 
Such materials are crushed dry and then fed in 
the required proportions to a tube mill to which 
water is added in the amount required to form 
the slurry. 

The burning of Portland cement was formerly 
carried out in various forms of shaft and chamber 
kilns, but these have been superseded almost 
entirely by the rotary kiln (Fig. 1). This is a 
long steel cylinder rotating on its axis and 
slightly inclined so that the materials fed at the 
upper end travel slowly to the lower end. It is 
lined with refractory bricks, and is fired at the 
lower end with pulverised coal, or oil, or gas 
where economical to do so. The fuel is blown 



in from a jet by compressed air and the flame 
projected up the kiln somewhat like a blowpipe 
flame. Chains are often fixed inside the kiln at 
its cold end to lift the raw materials as the 
kiln rotates and so facilitate the interchange of 
heat from the hot gases. The raw mix is first 
dried ns it passes down the kiln ; it then enters a 
zone where decarbonation takes place and 
combination begins and finally reaches the 
clinkering zono, close to the firing end. Here the 
raw mix attains a temperature of 1,300°-1,500°C. 
nnd combination is completed. The clinker 
issues from the kiln as small, dark, rounded 
particles varying in size from a pea to a walnut. 
After leaving the kiln the clinker passes into 
coolers. In older plants these consist of rotating 
steel cylinders arranged usually underneath the 
rotary kilns, but in most modem plants they 
form a composite part of the kiln. In such cases 
they consist of a scries of cylindrical tubes 
parallel with the body of the kiln nnd arranged 
circumferentially around the outlet end of the 
kiln. Air is drawn through the coolers and then 
used for the combustion of the fuel, so leading to 
an economy in heat. In dry process plants 
steam boilers are often installed to utilise the 
waste heat from the exit gases. This is done in 


occasional instances also in wet process plants- 
The dimensions of rotary kilns vary from some 
150 ft. long and 9 ft. internal diameter in many 
dry process kilns to 200-300 ft. long and up to 
11 ft. diameter for most wet process kilns. 
Recently rotary kilns have been built with a 
length exceeding 500 ft. having an output 
approaching 4,000 tons per week. 

The clinker is carried by conveyors to the 
grinding mills or to storage piles. Grinding is 
usually carried out in tube mills to which the 
clinker is fed together with the amount of rock 
gypsum required to control the setting time of 
the cement. The ground cement is stored in 
silos from which it is fed to automatic packing 
machines. 

Testing Portland Cement. 

The quality of cement is ascertained by various 
mechanical tests and by its chemical com- 
position. The limits placed in the composition 
(see earlier) are such as to ensure that the 
material is, in fact, a Portland cement, and 
that the amounts of magnesia and sulphur 
trioxide present are not such as to endanger 
the quality of the product. Excessive contents 
of these constituents may cause the cement to 
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be unsound and concrete containing it to expand 
and disrupt after hardening The physical and 
mechanical tests laid down in the British 
Standard Specifications (1931) are as follows . 

Fineness . — The residue on a British Standard 
mesh sieve 170x170 must not exceed 10%, 
and that on a 72 x 72 mesh 1%. 

Consistence Test . — The amount of water to be 
used in gauging the cement mortar for the tensile 
briquettes, and the neat cement for the setting 
time and soundness tests, is obtained from a 
consistence test on the neat cement. The neat 
cement is gauged with water and the percentage 
found by trial such that a Vicat plunger (a 
cylindrical rod, 300 g weight, 1 cm, diameter, 
with flat lower end) released at the surface of a 
mould filled to a depth of 40 mm. with cement 
paste penetrates to a point 5 to 7 mm. from 
the bottom of the mould The apparatus is 
that used for the setting time test with the 
substitution of the plunger of 1 cm. diameter for 
the needle The percentage of water (P) to be 
used in gauging neat cement to a paste of normal 
consistency is defined as 0 78 times that 
obtained m the above test. Pastes of normal 
consistency arc used for setting time and 
soundness tests. The percentage of water to be 
used in the strength tests on 1 . 3 cement sand 
mortars is determined by the formula JP+2 50. 

Strength . — The strength is determined by 
a tensile test on briquettes, I sq in. cross 
section at the waist, made from a mortar 
composed of 1 part by weight of cement to 3 
parts standard sand (18-25 British Standard 
mesh). After storing for 24 hours in moist 
air (58°-64°F , relative humidity not less than 
90%) the briquettes are stored in water at 
58-b4°F. The mean tensile strength of six 
briquettes must not be less than 300 lb. per sq. in. 
at 3 days after gauging, and at 7 days after 
gauging it must show an increase on the value at 
3 days and not be less than 375 lb. per sq. in. 
Strength tests on neat cement have now been 
abandoned except as an optional test, failure to 
pass which shall not involve rejection of the 
cement. 

Setting Time — The setting time of normal 
setting cements shall not be less than 30 minutes 
for the initial set nor more than 10 hours for 
final set. For quick-setting cement the initial set 
shall not be less than 6 minutes nor the final set 
more than 30 minutes. The setting time is de- 
termined with a Vicat needle apparatus. 

Soundness . — The soundness test is designed 
to ensure that the set cement shall not be subject 
to any expansion. In the form in which it is 
used this test detects the presence of dangerous 
amounts of free calcium oxide, the slow slaking 
of which may cause deferred expansion. The 
test is earned out by means of the Le Cbateher 
apparatus (Fig. 2), which consists of a small 
split cylinder of spring brass or other suitable 
metal 0 5 mm. thick forming a mould 30 mm. 
internal diameter and 30 mm. high. Two 
indicators, 165 mm. long, with pointed ends, are 
attached to either side of the split. The 
mould is placed on a small piece of glass and 
filled with neat cement paste of normal con- 
sistency and covered with another glass plate 
and submerged in water at 58°-64T. for 24 


hours. It is then boiled for 3 hours and the 
alteration in the distance apart of the indicator 
points measured. The expansion must not 
exceed 10 mm. or, in the event of its failing to 
comply with this test, 5 mm. subsequent to 
aeration for 7 days The limit allowed is so 
wide that cements rarely fail to pass the test. 

Other Specifications. — The specifications 
m use m Europe and America follow the same 
general lines though the tests differ in some 
respects. Compression tests on mortar cubes are 
in most cases preferred to the tensile strength 
test, and pat tests are, in several instances, 
used for determining soundness. 

Rapid Hardekin o Portland Cement — 
The demand for cement which would attain a 
higher strength at early ages than normal 
Portland cements has led to the production 
of rapid-hardening Portland cement9. These 
cements have similar setting times to the 
normal product, but develop strength more 
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rapidly. The method of manufacture is similar 
to that of Portland cement, but the raw materials 
are often ground more finely to ensure greater 
uniformity in the clinker and the lime content 
often raised slightly. The clinker is ground more 
finely and the finished cement shows on an 
average about 1% residue on a 170 British 
Standard meBh sieve. 

Other Portland Cements — White Portland 
cement is similar to normal Portland cement 
except in respect of colour. It is manufactured 
from raw materials low in iron oxide. Coloured 
cements are made by the addition of pigments 
to the white or normal grey cement. The 
pigments used are iron oxides aDd hydroxides, 
manganese dioxide, carbon blacks and chromium 
oxide. Waterproofed cements are PortlM 
cements to which a small proportion of water- 
repellent substance such as calcium stearate has 
been added with the intention of decreasing toe 
adsorption of concrete made from the®; 
Natural Portland cement, the manufacture _o 
which has now almost ceased, was made J 
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burning marls, or other naturally occurring 
mixtures of calcareous and argillaceous materials, 
of a composition approximating to Portland 
cement, without control of the composition or 
preparation of the raw materials. Roman 
cement belonged to this class. 

Cements made from Blast-furnace Slag. 
In the air-cooled condition blast-furnace slag 
has little or no hydraulic properties, but if 
suddenly chilled from the molten condition by 
running into water, or by other means, a pro- 
duct having cementitious properties may be 
obtained from suitable slags. The process of 
rapid chilling is known as “ granulation,” and 
the product as “ granulated ” slag. In general, 
slags of high lime content are granulated for use 
in cements, but some slags of high alumina 
content, as the Cleveland slag, also have similar 
properties. 

Granulated slag only reacts with water 
relatively slowly and the addition of an activator 
is required to develop its latent cementitious 
properties. Lime, alkali sulphates, calcium 
and magnesium sulphates are activators. The 
theory of their action is not clearly understood. 
A mixture of hydrated lime and granulated 
slag, often with the addition of a small percentage 
of sulphate salts, forms what is known as a 
cold process slag cement. Though still produced 
in some European countries, manufacture in 
Great Britain has been abandoned in favour of 
Portland blast-furnace cement. 

Portland blast-furnace cement is made by grind- 
ing together Portland cement clinker and 
granulated slag with a small amount of gypsum 
to control the set. In this cement, on hydra- 
tion, the Portland cement portion liberates the 
calcium hydroxide required to activate the 
granulated slag. Both portions of the cement 
contribute to the hardening and development of 
strength. The British Standard Specification 
requires that the proportion of granulated slag 
in the cement shall not exceed 65%. In 
Germany two forms of blast-furnace cement are 
recognised, Eisen-Portland cement and Hochofen 
cement containing respectively 30% and 85% 
granulated slag as maxima. Typical analyses of 
a Scottish granulated slag used in Portland 
blast-furiiace cement and of a Portland blast- 
furnace cement are as follows : 



Granulated 

Slag. 

% 

Portland blast- 
furnace cement. 
% 

CaO .... 

47-0 

57-1 

«0, .... 

33-0 

23-5 

ai 2 o 3 . .. . . 

14-0 

8-6 

FeO \ 



Fe 2 O a j • • • 

0-6 

2-3 

MnO . . 

0-8 

0-4 

TiO, .... 


0-2 

Mgd . . . 

3-2 

2-9 

Na „0 .... 


0-3 

KjO . . . . 



0-6 

f°. ... . 



1-6 

S (sulphide) . . 

1-4 

0-6 

Boss on ignition . 

— 

1-9 


Portland blast-furnace cement is similar in 
physical properties to Portland cement and 
the British Standard Specification covering it is 
identical with that for Portland cement apart 
from the clauses relating to composition and 
mode of manufacture. In composition Portland 
blast-furnace cement is required to conform to 
the following maximum limits : 

Ignition loss 3%, magnesia 5%, sulphur 
present as, and calculated as, sulphur trioxide 
2%, sulphur present as sulphide and calculated as 
sulphur 1-2%. 

Apart from its use in Portland blast-furnace 
cement granulated slag is also sometimes used as 
a raw material for Portland cement manu- 
facture, replacing the clay and part of the 
limestone. The product obtained on burning is 
a Portland cement differing in no way from that 
obtained from the usual raw materials. 

Pozzolanas and Pozzolanic Cements. 

Certain natural materials of volcanic origin 
and some artificial products have the property 
of combining with lime in the presence of water 
at ordinary temperatures to form cementitious 
compounds. Such materials are classed as 
natural or artificial pozzolanas. The natural 
pozzolanas are volcanic ash materials existing as 
incoherent tuffs or as semi-compacted or com- 
pacted rocks. The ash has in some cases suffered 
considerable chemical alteration subsequent to 
deposition owing to the action of superheated 
steam and carbon dioxide below the earth’s 
surface. The properties of pozzolanas were 
known to the Greeks and Romans and it is from 
the name of the place where one such material 
was obtained, Pozzuoli, near Naples, that the 
term pozzolana is derived. Natural pozzolanas 
at present widely used in Europe are the 
various Italian pozzolanas, Rhenish Trass, 
and Santorin Earth from the Grecian isle of 
Santorin. Other pozzolanas are Tosca obtained 
from Teneriffe, and Tetin from the Azores. The 
principal artificial pozzolanas are those produced 
by the burning of clays and shales at tempera- 
tures varying from 600° to 950°C. The burning 
temperature for optimum activity is rather 
critical. Crude burnt clay pozzolanas produced 
by burning clay in heaps have long been used in 
India and Egypt under the names Surkhi and 
Homra, while ground lightly burnt clay tiles 
were used for this purpose by the Romans. The 
composition of some pozzolanas is as follows : 



Rhenish 

Trass. 

% 

Italian Pozzo- 
lanas 

Burnt 

Clay 

Pozzo- 

lana. 

% 

Rome. Naples. 

O/ O/ 

/O /O 

Loss on ignition . 

10-1 

6-2 

7-2 

1-3 

sio 2 .... 

55-2 

46-5 

56-7 

60-2 

AI0O3 

16-4 

18-7 

16-9 

17-7 


4-6 

10-9 

6-3 

7-6 

TiO, .... 

0-6 

— 

— 

1-2 

CaO .... 

2-6 

9-6 

3-G 

2-7 

MgO .... 

1-3 

3-0 

0-5 

2-5 

k 2 o ... . 

4-3 

2-0 

4-1 

3-2 

Na„0 . . . 

5-0 

2-3 

2-9 

1-0 

so; .... 

0-2 

— 

— 

2-5 
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Pozzolanas are used in mixtures both with 
hme and Portland, or Portland blast-furnace, 
cement. In lime mortars they confer on non- 
hydraulic limes the property of setting under 
water. Such mixtures have been much used m 
Southern Europe for constructional work in 
sea-water, and also in Northern Europe as a 
general building mortar. 

The setting of Portland cement results in the 
liberation of a considerable amount of calcium 
hydroxide which is capable of combining with a 
pozzolana. The addition of pozzolanas to 
Portland cement therefore increases the total 
amount of cementitious constituents produced 
and renders the set product more resistant to 
attack by sea water or certam other chemically 
destructive agencies. The use of trass for 
concretes in sea-water, and generally in inland 
water, has been common practice for many years 
in Germany and other European countries 
Formerly it was customanr to add the trass, 
ground to about 30% residue on a 170 British 
Standard mesh sieve, as a separate mgiedient, 
along with the cement and aggregate to the 
concrete mixer It is now, however, preferred 
to prenux the trass and cement and to grind the 
trass more nearly to cement fineness. The pro 
portions of trass to cement recommended are : 

High hmo Toitland cement — 0 CO cement . 
0 34 trass 

Low lime Portland cement — 0 75 cement • 0 25 
trass. 

Portland blast furnace cement — 0 80 cement 
0 20 trass. 

Premixed and bagged pozzolanic cements 
containing Portland cement and a pozzolana are 
now marketed in vanous countries The 
pozzolana used in Great Britain is burnt clay, 
in Germany trass, in France gaize (a heat- 
treated highly siliceous rock containing a 
proportion of clay), and in Italy the volcanic 
ash deposits which are sometimes heat treated to 
increase their activity. 

Aluminous Cement. 

Aluminous cement was first marketed com- 
mercially in 1 9 1 8. It w as dev eloped as the result 
of the investigations of BiecI in Trance into the 
production of cements more resistant than 
Portland cement to attack by natural waters 
containing high contents of sulphate salts. 
It is characterised not only by a very high 
degree of resistance to chemical attack, but also 
by very rapid hardening properties. The cost is 
about twice that of Portland cement. Aluminous 
cement is manufactured by fusing (occasionally 
by sintering) a mixture of bauxite and limestone 
in a reverberatory open hearth furnace, in an 
electric furnace, or occasionally m a rotary 
kiln. The bauxite must be fairly low in silica 
{« g- 5%) but a considerable content of ferric 
oxide is not objectionable. The reverberatory 
furnace, about 8 ft. wide and 12 ft. long excluding 
the stack, is fired with pul censed coal, the law 
materials bung continuously charged in through 
the stack. Fusion takes place on the hearth at 
a temperature around 1,>30 S -1,WX) C. and the 
molten product pours out continuously into 
moulds. Furnaces of the dimensions mentioned 
produce about 311 tons of cement pei day . 


The rate of cooling needs to be suitably adjusted 
as it affects the rate of setting and hardening 
The cement is crushed and passed throu4 
magnetic separators to remove metallic iron and 
then ground in tube mills to a fineness of about 
10% on a 170 mesh. No additions are made 
during grinding. Electric furnaces are of the arc 
type and are only economical where electnc 
pow er is very cheap. The rotary kiln is used only 
in the United States of America. 

The composition of aluminous cements vanes 
more widely than that of Portland cement. 
Some typical analyses are as follows : 
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SiOj .... 
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54 

70 

AIjO, . . . 
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41 9 
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KjO . . 
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SO, . 

03 
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00 
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09 9 

100 0 

99 8 

99 3 


In general the silica is kept as low as the raw 
materials permit and it is preferred that the 
iron should be in the feme rather than the 
ferrous condition. The principal compounds 
present in aluminous cement are one or more 
of the calcium aluramates CaO Al t O,, 
3CaO-5AljO„ 5CaO 3AI,O s . The silica is 
present as 2CaOS10 2 or 2CaO AljO a SiO, 
(gehlemte). Ferric iron is probably present as a 
solid solution, w hde ferrous iron may possibly be 
present in magnetite. Both the compounds 
CaO Al 2 0 3 and 3CaO 5AI 2 O s have excellent 
rapid hardening properties, but 5CaO 3 Al t Ojis 
inferior in this respect. Di-calcium silicate (see 
earlier) is slow haidenmg, but gehlemte (2CaO 
Al-Oj Si0 2 ) has no hydraulic properties. 

On hydration m excess water the calcium 
alunimates in aluminous cement form alumina 
gel and crystalline hydrated dicalcium alummate 
(2CaO AI 2 0 3 ,8H 2 0), but there is some 
evidence that v hen gauged with limited amount* 
of water as in actual use a hydrated mono- 
calcium alummate gel may be formed initially. 
Physical and Mechanfcaf Properties- 

The setting time of aluminous cement is 
similar to that of Portland cement and » de- 
termined in the same manner. Soundness u 
commonly tested by the Le Chateher apparatus 
The tensile strength of aluminous cement, as 
ascertained by tests on mortars similar to those 
used m the British Standard specification lor 
Portland cement, is somewhat misleading "hen 
comparison is made with Portland cement 
The low water content (about 8% by weight o 
the mortar) specified in this form of test 
msufhcientto hydrate the aluminous cement fully 
and the strength obtained bears a lower relation 
that obtained in concrete than is the case for lor 
land cement as indicated by the following Us 
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Compressive 
strength 
lb. per sq.in. 

1:2:4 
concrete at 

1 day. 

Tensile 
strength 
lb. per sq.in. 
1 : 3 B.S. 
mortar 
briquettes 
at 1 day. 

Aluminous Cement 

7,370 

540 

Rapid Hardening Port- 



' land Cement . . . 

740 

350 


Tests on plastic mortars of higher water 
content give more comparable data. Aluminous 
cement develops strength very rapidly and 
approaches its maximum strength within one 
day, compared with seven days and upward for 
Portland cement. The heat evolution' is 
correspondingly rapid and averages about 75 
calories per gram of cement at one day. The 
strength of aluminous cement is seriously 
decreased by high temperatures and it is 
necessary to place aluminous cement concrete in 
small vertical lifts at intervals of say, a day, in 
order to avoid overheating of the concrete. 

Aluminous cement at normal temperatures 
has a very high resistance to attack by sulphate- 
bearing water, sea-water, and also by slightly 
acid waters such as obtain in moorland areas. 

Uses of Cement. 

Cements are used both in the form of mortar 
and of concrete. Mortars, which are mixtures of 
cement with sand, are used mainly as a bonding 
material in brickwork or masonry, or as a 
surface covering as in renderings and stucco. 
Plain cement mortar is more suitable for bedding 
engineering bricks than building bricks. For the 
latter, mortars made from hydraulic lime or 
high calcium lime mixed with a proportion of 
cement are to be preferred. In concrete the 
cement is used to bond together an aggregate 
consisting of sand and gravel, or other hard 
materials, into a solid mass. This forms by 
far the largest application of cement. Concrete 
is used for building work of all types, for massive 
engineering structures, for roads, and for 
numerous other purposes. F. M. L. 

In addition to its application in concrete used 
in situ large quantities of cement are used in 
tho manufacture of concrete products made in 
suitably equipped factories and transported to 
tho budding site. 

Concrete Tiles are now made in large quantities 
and compete very closely with clay tiles in 
Borne districts. The tiles aro made from a 
mixture of about one part of cement to three 
parts of graded sand which should be of good 
quality. A proportion of calcium chloride — 
about 2% of the weight of the cement — is often 
added in cold weather to accelerate the rate of 
sotting and hardening. British Standard Speci- 
fications exist for plain (No:473) and interlocking 
concrete tiles (No. 550) ns well as for plain clay 
tiles (No. 402). Tiles of cither material con- 
forming with theso specifications may be 
purchased with assurance of satisfactory service. 

As a result of the demand for colour in 
concrete tiles, large quantities of pigments are 
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consumed by the industry. Suitable pigments 
must be of high staining power, fast to light and 
lime, and not contain more than 2-5% of 
soluble sulphates. These requirements are met 
by the mineral oxides and hydroxides, Fe (O H) 3 , 
Fe 2 0 3 , MnOj, Fe 3 0<, by chromium oxide and 
by carbon. 

ConcreleFlags, Kerbs, andPipes are also largely 
used. Standards for their properties and limita- 
tions of the characteristics of the materials to be 
used are given in the appropriate British 
Standard Specifications Nos. 368, 340, and 656 
respectively. 

Precast Concrete Lightweight Partition Blochs 
(British Standard Specifications Nos. 492 and 728) 
are an important building material. F. L. B. 

Concrete has the property of high compressive 
strength, but a relatively low tensile strength. 
This deficiency of concrete is remedied in 
reinforced concrete in which mild steel rods, 
bonded together by Bteel hooks and wire, are 
employed. The reinforcement is placed in such 
a position as to take tho tensile stresses to 
which the reinforced concrete will be subject 
and the concrete poured round it. On harden- 
ing, the cement adheres strongly to the steel 
reinforcement and the composite material is 
able to withstand both high tensile and com- 
pressive stresses. The principles of design of 
reinforced concrete aro set out in “ Report of the 
Reinforced Concrete Structures Committee of 
the Building Research Board ” (H.M. Stationery 
Office). This report describes the characteristics 
of good concrete aggregates and sets limits for 
certain impurities. The proportioning of 
aggregate and cement for concrete of various 
qualities is also dealt with and standard methods 
for testing the strength of concrete are described. 

The temperature coefficients of expansion of 
mild steel and concrete are very similar, this 
fact having an important bearing on the stability 
of reinforced concrete. The concrete covering 
the steel protects it from corrosion and this 
protection is enhanced by the alkaline medium 
formed in set cements by the hydration reactions. 
If, however, the concrete covering is too thin, or 
becomes seriously cracked, corrosion of the 
reinforcement can occur, and the expansion 
accompanying this disrupts the concrete. Im- 
permeable concretes are required for reinforced 
concrete work and an adequate cover is par- 
ticularly necessary w'hen the "material is to be 
exposed to sea-water or other natural or artificial 
destructive agencies. 

Although concrete made from Portland or 
other types of cements is on the whole a per- 
manent material, there are certain conditions 
under which serious deterioration and ultimate 
failure may occur. These are conditions where 
tho concrete is exposed to chemical agents, 
aqueous or gaseous, which react with the 
cement. The hydration products of Portland 
cement are all decomposed by water and when, 
therefore, water is able to pass continuouslv 
through a concrete the lime is progressively- 
leached from the set cement compounds leaving 
eventually an incoherent mass. In practice 
good concrete has a very low permeability and no 
appreciable percolation occurs, unless the water 
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pressure is very high, and w ith most waters any 
action is limited to a very thin surface skin. 

With hard waters a concrete which is imtiaUy 
slightly permeable often tends to Beal up. 
Waters which are very pure, or slightly acid 
due to the presence of free (aggressive) carbon 
dioxide, have a more senous action. On even 
dense concretes the surface cement may become 
dissolved away to an appreciable depth and the 
aggregate left exposed. Aluminous cement is 
much more resistant and no appreciable surface 
action occurs. Natural groundwaters in some 
areas contain sulphate salts which have a 
destructive action on Port land cement concrete. 
Thus gypsum (calcium sulphate) and magnesium 
sulphate are found in Great Britain in some 
clays and soils while alkali sulphates occur in 
some countnes abroad The latter sulphate salts 
react with the free calcium hydroxide in set 
Portland cement to form calcium sulphate, and 
with the hydrated calcium alummatc to form 
calcium sulphoaluminate. The formation of the 
latter compound is accompanied by a con- 
siderable expansion causing disruption of the 
concrete. Ammonium sulphate is particularly 
destructive in its action on Portland cement 
concrete. Pozzolamc cements and Portland 
blast furnace cement are more resistant to 
sulphate attack than Portland cement, while 
aluminous cement concrete properly made is 
completely resistant. 

Sea-water, owing to its content of sulphate 
salts, acts chemically on Portland cement 
concrete, and concrete must be made very dense 
and impermeable to resist its action. The 
other cements previously mentioned are again 
more resistant than Portland cement to chemical 
attack by sea water. 

Concrete is also attacked chemically by various 
agents encountered in industry. Vegetable 
oils and fats, sugar solutions, particularly when 
hot, and various inorganic salts act in this way. 
With many of these substances, a greater 
resistance to attack may be obtained by the 
use of pozzolamc cements and aluminous 
cement instead of Portland cement. Some gases 
also attack concrete in the presence of moisture. 
Thus sulphur dioxide has sometimes been a 
source of trouble in chimneys when the tempera- 
ture of the exit gases is sufficiently low for con 
densation to occur. In sewers the evolution of 
hydrogen sulphide from sewage, followed by its 
oxidation to sulphuric acid, may cause attack on 
mortar or concrete. There are many surface 
treatments, e g. with bitumen solutions, silicates, 
fluosilicate, that are applied to concrete to 
render it more resistant to chemical attack. 
The efficiency of these treatments vanes very 
widely with their nature and the conditions to 
which they are exposed. 

Lightweight Concretes. 

Lightweight concretes represent a special 
form of concrete in which strength has been 
sacrificed m varying degree to obtain lightness 
Dense concretes made with the usual heavy 
aggregates weigh about 140-150 lb. per cu. ft , 
the corresponding figures for lightweight con- 
cretes being 40-100 lb. per cu. ft. One form of 
lightweight concrete which has been used to a 
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limited extent for the manufacture of precast 
units is made from sand oi other fine aggregate, 
and cement with the addition of a small pro' 
portion of aluminium powder. Evolution of 
hydrogen occurs as a result of reaction between 
the aluminium powder and the calcium hydroxide 
liberated in the setting of the cement The 
mass swells and sets in an expanded condition 
with a honeycomb structure. Other methods to 
obtain a similar end have also been employed 

The main form of lightweight concrete u 
that in which aggregates of fight weight such as 
pumice, foamed and granulated slag, expanded 
clay, coke breeze, and clinker are used. Addi- 
tional reduction in weight is also obtained in 
cases where porosity is unimportant by omitting, 
or much reducing, the proportion of materia] 
of sand fineness. Clinker and coke breeze may, 
unless carefully selected, result in expansion and 
nnsoundiiess of concrete made from them. The 
other lightweight aggregates are satisfactory in 
this respect. The shrinkage of lightweight 
concretes on drying is not infrequently a source 
of many minor troubles in building. It vanes 
much, however, with the different aggregates, 
and the best materials give concrete with 
shrinkage little, if any, above that of normal 
heavy concretes. 

Lightweight concretes arc used for screcdings 
on floors and roofs, for precast partition slabs, 
fixing and walling blocks, and also to some 
extent m filler joist floors and reinforced 
concrete floor slabs. Coke breeze and clinker 
are unsuitable for use in those cases in which 
the concrete is in contact with steel either a* 
reinforcing bars, floor joints, or structural 
steelwork, owing to the senous risk of corrosion. 
The strength of lightweight concretes can be 
increased by suitable grading of the aggregate 
or the addition of sand as fine aggregate The 
weight is increased at the same time. Light 
weight concretes have much better heat 
insulating properties than normal concrete* 
but a lower resistance to transmission of sound. 
The presence of many air filled cavities H 
responsible for the former, but it acts in the 
converse senso in respect of acoustic properties, 
since sound insulation increases with mass per 
unit surface area of the budding unit. 

Bibliography — F. M. Lea and C. H. Descb, 
“ Chemistry of Cement and Concrete,” Arnold, 
1935; E. C. Eckel, “Cements, Limes, and 
Plasters,” John Wiley, 1928; for manu- 
facturing details, see A. C. Davis, “ Portland 
Cement,” Concrete Publications, 1934; Building 
Research Bulletin No. 15, “Lightweight 
Concrete Aggregates ” ; No. 5, “ The Pro* 
perties of Breeze and Clinker Aggregates and 
Methods of Testing their Soundness ” ; Building 
Research Special Report No. 15, “ The Corrosion 
of Steel by Breeze and Clinker Concretes.” 

F. H. L. 

VII. Sand-Lime Bkicks. 

Sand lime bricks may be included among the 
more modem budding materials. They are 
manufactured by moulding a moist mixture ot 
sand and lime into the form of bricks, and 
hardening by exposure in autoclaves to high* 
pressure steam. 
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Tlie process was originally devised and 
patented in England by Van Derburgb (B.P. 
2470, 186G) and developed and patented in 
Germany by "VV. Michaelis (G.P. 14195, Kl. 80, 
1880). Only patents concerning details of 
machinery are now valid. 

Although commercial production began less 
than fifty years ago in Germany, these bricks 
are now widely used in many countries. The 
output in recent years has fluctuated with world 
economic conditions, but was stated to be about 

1.000. 000.000 in Germany in 1928, and 

320.000. 000 in the U.S.A. in 1927. In Great 
Britain, where, owing to the relative abundance 
of clays suitable for brick-making, the need for 
alternative materials has not- been so great, 
it is believed to be about 100 to 150 million at 
the present time (1935). 

The cost of production is such that when 
manufactured in a favourable locality the 
average quality sand-lime brick can generally 
be sold at prices competing with those of 
common clay brick. Tho better grades for 
facing work, or where unusually high strength is 
required, sell at prices above those of common 
clay brick but at much lower prices than good 
clay facing bricks. 

Manufacture. 

(a) Raw Materials. — The materials required 
are sand and either lump lime (quicklime) or 
hydrated lime (dry hydrate), according to the 
process used. 

The sand must be available at or near the site 
of the works, since it constitutes 90% or more 
of the brick ; the lime may be brought from 
a distance. The requirements of the sand are 
that it shall not contain an oxcessivo amount of 
clay (i.e. not over 3-4%). Soluble salts, 
organic matter, or any mineral matter coating 
the sand grains are also objectionable. The size 
grading of the sand grains has important effects 
upon tho quality and texture of the bricks. 

The lime used is generally of the high-calcium 
typo (either white chalk lime or mountain 
lime), but other types of lima can be used 
provided that the all-important criterion of 
“ soundness ” be satisfied. This requires that 
the lime shall be completely hydrated before use, 
if dry hydrate be uBed, or shall hydrate readily, 
and completely during the drum- or silo- 
liydration processes when quicklime is used. 
If this condition is not fulfilled, further hydration 
occurs during tho autoclaving process with 
resulting expansion, and the bricks are weakened 
and frequently burst. Such hydration and 
expansion is always completed in the autoclave 
and will not occur in bricks after use. Lime 
may readily' be tested for any' such unsoundness 
or liability to further hydration and expansion. 

The proportion of lime used is normally from 
5-8% (calculated as calcium oxide) of the weight 
of tho brick. The water content of the mix 
beforo pressing is just sufficient for tho mass to 
cohere if pressed together in the hand ; an excess 
of water must be avoided. 

(f) Process. — Tho process of manufacture 
involves threo stages : mixing, pressing, and 
hardening. Tho threo principal variations in 
the process occur in the first stage. 


In (i) The Dry Hydrate Process dry hydrated 
lime is mixed with the sand and necessary water 
and the mix fed directly to the presses. 

In (ii) The Silo Process ground quicklime is 
mixed with the sand and a proportion of 
water slightly above that required for hydration, 
and the mix' stored for about 24 hours in a silo, 
where complete hydration of the lime takes plaec-. 
The material is then remixed with the water 
necessary for the correct consistence for pressing. 

In (iii) The Drum, Hydration Process, also 
using quicklime, hydration is achieved by mixing 
the quicklime, sand, and water in a large rotating 
drum for 20 to 30 minutes. A steam pressure of 
up to 60 lb. per sq. in. supplied partly by the 
heat generated by the hydration of the lime and 
partly by steam injection is maintained during 
the latter part of this period to accelerate the 
hydration. The mix is then discharged to a 
secondary mixer where any further water 
necessary is incorporated, and thence to the 
presses. 

Rotary table presses, which may have an 
output of up to 3,000 bricks per hour, are 
generally used for moulding the bricks. Very 
high moulding pressures are necessary and the 
presses have therefore to be very robust and the 
mould liners extremely hard. The pressures 
used vary considerably, and are adjusted 
to give a brick which can be handled from the 
press without damage. In experimental work 
bricks of maximum strength have been obtained 
with pressures of about 6 tons per sq. in. on the 
brick ; the pressures used in practice are probably 
well below this. 

Hardening is carried out in autoclaves 30 ft. 
to 70 ft. in length and 5 ft. 6 in. to 7 ft. in 
diameter. The bricks are loaded on to trucks 
directly from the presses, and the trucks run into 
the hardening chambers on rails. The duration 
of treatment and steam pressures used vary 
from 8 to 12 hours at 120 lb. per sq. in. to 4 to 0 
hours at 200 lb. per sq. in. In general the longer 
times and higher pressures give bricks of better 
quality. 

The bricks may be used within a few hours 
of leaving the autoclaves. 

Properties. 

The characteristic properties of these bricks 
are accurate size and shape, white colour, and 
consequently good light-reflecting properties, 
and lack of any tendency to efflorescence. The 
compressive strength varies in bricks of different 
qualities from about 1,000 to 5,000 lb. per sq. in. 
and the transverse strength (modulus of rupture) 
from about 200 to 750 lb. per sq. in. (in both 
cases when tested in the wet state). The ratio 
of wet to dry strength varies but has an average 
value of about 0-65. On account of tho 
possibility of a very low ratio, testing in the wet 
state is preferable. 

The durability of sand-lime bricks of good 
quality is satisfactory. Poor quality sand-lime 
bricks, badly made, or made from indifferent 
materials, are, however, unsuitable for exposed 
external work. 

The drying' shrinkage and moisture move- 
ments vary but are usually higher than with clay 
brick and of a similar order to those of cement 
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concrete. The resistance to fires of moderate 
intensity appears to be satisfactory, judging from 
laboratory testa which have been made, but in 
more intense fires some tests have shown good 
clay bncks to have Borne superiority (R.Schly ter, 
Statens ProvrungBanatalt, Mcddelando 50, 
Stockholm, 1931). 

In other properties, including adhesion of 
mortar and plaster, thermal conductivity, and 
resistance to ram penetration, there is no 
outstanding difference from clay brick. 

Chemical Constitution. 

The hardening of sand-lime bncks in the 
autoclave is duo to the reaction of limo with 
sand with formation of a hydrated calcium 
silicate. The silicate formed is usually colloidal m 
nature and has not been definitely isolated nor 
is its composition known with any certainty 
(G. Grime and G. E. Bessey, Trans. Ceram. Soc. 
1933, 32, 14-20) 

Free lime (calcium hydroxide) should not be 
present in appreciable quantities in a well 
made bnck ; it has no cementitious value and 
is probably deleterious 

Atmospheric carbon dioxide slowly decomposes 
the silicate with formation of calcium carbonate 
and hydrated silica. This is in no way harmful 
to the bnck and it is, indeed, found that the 
bricks increase in strength with exposure through 
the occurrence of this reaction 

Use. 

Sand lime bncks are used in building in the 
same way as clay bncks. It should, of course, 
bo remembered that bncks from different makers 
may vary m tho same way as different clay 
bncks, and hence treatment in plastering, for 
example, may have to be modified sightly to 
suit any particular brand of bnck. 

Choice of these bncks should be guided by the 
Bntish Standard Specification (No 187, 1934) 
and by the appearance where they aro to be used 
for facing. The specification describes three 
classes of bncks : 

I. Bncks for special purposes. 

H. Building Bncks, class A. 

Til. TiuildingTirickJ, class'll 

The first class should be used where very 
high strength is required, or where the bncks 
are to be used in very exposed positions (para- 
pets, sills, below damp course, etc.); class A 
building bricks are suitable for nil general facing 
work and class B building bricks for interna] 
work only. 

The tests included in the specification are for 
strength and chemical composition. A minimum 
silica content ensures that the bricks are made 
from silica and lime, whilst a maximum limit 
for free lime and a minimum limit for calcium 
oxide present as silicate ensure that the bncks 
have been properly manufactured. 

Bibliography. — G. E. Bessey, Building Re- 
search Special Report No. 21, H.M. Stationery 
Office, Ixmdon, 1934, pp. 1-62 ; W. E. Emley, 
U.S. Bureau of Standards Technical Paper No. 
85, Washington, 1917, pp. 1-41 ; A. B. Searle, 
“Bncks and Artificial Stones of Non plastic 
Materials,” London, 1915, pp. 1-149; E. Leduc 


and C. de la Roche, Conservatoire des Arts et 
Metiers, Bull. No. 13, Pans, 1908, pp. 1-122. 

0. E. B 

BULBOCAPNINE. An alkaloid from 
tubers of Dictnlra eanadtnn* and Coryddu 
cava. Bulbocapnino hydrochloride, a white 
crystalline powder, soluble in water. Antispa*. 
modic. 

BULTFONTE1NITE, 2Ca(OH,F) SiO- 
It occurs as pink spherules of radiating tricluuo 
needles as a secondary mineral in the Bolt- 
fontcin diamond mine at Kimberley, South 
Africa. A portion of the hme is extracted by 
water and, after ignition, a further smaller 
portion is extracted; the formula is therefore 
written as 2Ca(OH) 1 -2SiO.Ca(OH).CaF, 
[ef. afwilhtc) (J. Parry, A. F. Williams, and 
F. E. Wright, Min. Blag. 1932, 23, 145). 

L J. S. 

BUNTKUPFERERZ t>. Borsjte. 

BUPLEUROL, 

Me,CH CHg-CHg CH t C(.CH,) CH,-CH,OH I 
Francesconi and Scmagiotto (Atti R. A read. 
Lincci. 1913 (v), 22, 1, 34, 148) separated 
from the essential oil obtained from the learn 
and flower* of Bupleurun fructioaum, L, a 
pnmary alcohol, buplturot, C. 0 H n O, bp. 
209°-210 s /7C2 mm, d>»* 0 8490. n D 1-4508, 
[a] D ±0’, phtnylurtihant, m p. 45®. On oxida- 
tion with chromic acid it gives an aldehyde, 
bupltural, temtearbazone, m.p. 135’. The con- 
stitution of tho alcohol has not been determined ; 
Francesconi and Semagiotto suggest the 
representation given above on tho grounds that 
tho other mam constituent of the off is /J 
pbellsndrene. J. L. S. 

BURKHEISER'S PROCESS r. A* 
mojtu. 

BURMITE c. Amber or Snccjxm. 

BURRSTONE or BUHRSTONE. A 
hard, tough rock consisting of chslcedonic afltca 
with a cellular texture, especially suitable for 
use as millstones for grinding corn, paints, etc. 
It is white, grey or creamy in colour. The best 
stones arc from the Tertiary strata of the Pam 
basin, and have originated by the silicifi cation 
of fresh-water limestones, the cellular spacea 
’ representing fbe casts ol fossil s'hells anil vaam 
seeds. L. J- S. 

BUSH SALT. A light-brown or greyish 
powder prepared by the natives of Ssongea by 
lixiviating the ashes of the sedge, Cyperai 
IJa'pan. L. Contains 77-77% KCI, and 18 43 
KjS0 4 , with traces of sodium salts and organic 
matter (Lcnz.'Bcr. dents. Pharm. Ges. 1911,21, 
27°). 

BUSZITE. Silicate of the rare-earths 
Nd, Pr, Er, and Eu. A single small ditrigonal 
bipyramidal crystal with yellowish red colour 
and resinous lustre has been found with beiyl 
at Khan in South-West Africa (E. SteinwacH 
Centr. Jim. A, 1929, 202). L. J. °- 

BUTADIENE. This hydrocarbon exists 
to tho extent of about 10% in the fraction ol 
vapour-phase cracked gases that contain! 
butane and the butenes. It is not at the moment 
feasible to separate butadiene from this mixture, 
because under mild conditions of polymerisation 
over a phosphoric acid catalyst the C 4 t®* 
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saturated hydrocarbons produce liquid 
hydrocarbons within the boiling range of 
motor spirit. Further, it is possible by simple 
thermal treatment to obtain higher polymers 
serviceable for motor spirit and of a high octane 
value. Other synthetic products from this 
hydrocarbon are discussed under the heading of 
Cracking, see Petroleum. A. E. D. 

BUTADIENES AND POLYOLEFINS 
(Conjugated). These substances are hydrocar- 
bons which possess two or more double linkages 
in the molecule, the double linkages being 
conjugated, t.e. occupying alternate positions 
with single linkages. The most important 
members of the group are butadiene, hexatriene, 
and their alkyl- and aryl- derivatives, but the 
group includes among its higher polyene members 
the important carotenoid hydrocarbons, a-, 
/?-, and y-carotene, and lycopene [q.v.). 

The butadienes and hexatrienes contain the 
carbon skeletons C.C C:C and C:C C:C C:C 
respectively, and they are formed by very 
numerous elimination reactions in which the 
elements of water, hydrogen halide, alkylamines 
(or their salts), etc., are removed from suitable 
glycols, unsaturated alcohols, dihalogeno- 
paraffins, halogeno-olefins, or alkenyl ammonium 
hydroxides. These eliminations sometimes pro- 
ceed spontaneously, but usually they are 
brought about by the action of heat, catalysts, 
bases, etc. In many reactions migration of a 
double linkage takes place to yield a conjugated 
compound where otherwise a non-conjugated 
compound would be expected. A great variety 
of glycols and unsaturated alcohols suitable 
for the syntheses of alkyl- and aryl-butadienes 
can be obtained by the Grignard reaction. 
Typical of the elimination reactions are the 
following, the catalysts (where employed) being 
shown in brackets : 

(1) CMe 2 (OH)-CH:CH 2 

Heat (HB r) CH 2 :CMeCH:CH 2 -f- H z O 
Isoprene. 

(2) CHMeiCH CHMeOH 

Heat (Kaoli n) CHMe:CH-CH:CH 2 +H 2 0 
Plperylene. 

(3) CMe 2 (OH)-CH 2 -CHMeOH 

Heat (HB r) CH 2 :C M eCH:CH Me+ H 2 0 
ay-Dimethylbutadiene. 

(4) CMe 2 Br-CMe 2 Br+ 2NaOH 
*■ CH 2 :CMe-CMe:CH 2 +2NaBr 

(Jy-Dimethylbutadlene. 

(5) CH 2 Br-CH:CH-CH 2 Br+Zn 

> CH 2 -.CH-CH:CH 2 +ZnBr 2 

Butadiene. 

(0) NMe 3 (OH)-[CH 2 ] 4 'NMe 3 OH 

Heat CH 2 :CH-CH:CH 2 +2H 2 0-f 2NMe 3 
r Butadiene. 

(7) CHMe:CMe'CHMeCI+C e H,N 

>• CHMe:CMe'CH:CH 2 +C e H,N,HCI 

ajS-Dimethylbutadlene. 

In certain cases, especially where groups such as 
)>CH'CH(OH)'CH< occur, elimination can 
take more than one course, corresponding to the 


different possible ways of splitting off the elimin- 
ated molecule. In such circumstances mixtures 
of hydrocarbons are produced ; thus, in reaction 
(3) above, a little of the diene 

CMe 2 -.CH-CH:CH 2 
is formed-in addition to the main product, and in 
the dehydration of CH 2 :CH-CH 2 -CMe 2 -OH 
one unconjugated and two conjugated dienes, 
viz. CH 2 :CH-CH„-CMe:CH 2 , CH 2 :CHCH: 
CMe 2 and CHMe:CH-CMe:CH 2 , are 
formed side by side (Bacon and Farmer, J.C.S. 
1937, 1065). 

Physical Properties. — All the earlier members 
of the group, save butadiene, which is gaseous, 
are liquids of low specific gravity and low 
dielectric constant. The diene and triene 
members are colourless, but the higher polyene 
members are coloured and may be solid. Many 
compounds of the group are theoretically 
capable of showing geometrical isomerism, and 
it is probable that the considerable ranges of 
boiling-point recorded for various of the alkyl- 
butadienes are due in part to the occurrence of 
cis-trans isomerism (see Farmer and Warren, 
J.C.S. 1931, 3221); in the example of aS- 
diphenylbutadiene three geometrical isomerides 
have been isolated (Straus, Annalen, 1905, 342, 
214). 
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Chemical Properties. — The members of the 
butadiene group possess very strong additive 
tendencies, uniting with 1 mol. of certain 
reagents and either 1 or 2 rnols. of others. 
With 1 mol. of bromine or chlorine (X) they yield 
dihalides of one or more of the types : 

>CXCXC:C< (l:2-addition) 

12 3 4 

>C:C’CX-CX< (3:4-addition) 

12 3 4 

>CXC:CCX< (l:4-addition) 

1 2 3 4 

and with 2 mols., tetrahalides, 

>cxcxcxcx<. 

With 1 mol. of hydrogen halide they yield 
hydrohalides of one or more of the types : 

I>CH-CX-C:C<; (l:2-addition) 

1 2 3 4 
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>C C CXCH< (3 4 addition) 

12 3 4 

>CH C.C CX< (1:4 addition) 

1 2 3 4 

>CX-C.C-CH< (1.4-addition), 
jf 2 3 4 

and with 2 mols, di-hy drohahdes of (as yet) 
undetermined orientation. With 1 mol. of 
hypocblorous acid they yield cblorohydnns of 
ono or both of the types 

>CC1 C(OH) C-C<£ 

12 3 4 

>C C C(OH)-CCK, 

12 3 4 

and with 2 mol* , di cbtoiohydrins The 1 4- 
(terminal) and 1.2- forms of the mono-addition 
products often occur side by side, owing pro 
bably to the tautomeric capacity of an inter- 
mediate additive farm common to both, which 
readily undergoes the ay-change 

(>CX— C= C< — »■ >C= CCX<) 
mid thus is able to lead to either or both of two 
(mill products when addition is complete: 
CHj-CH CH-CH* 

I CHjBr CHBf-CH CH, 

(CH,BrCHCH CH S + Br e 
* 1 9 

(CHjBr CH.CH CH X +Br e 

CH.Br CH.CH CH,Br 

The same kind of isomensm has been observed 
omongst the addition products of hexatnene, 
nnd doubtless applies also to the conjugated 
polyenes. 

When hydrogenated catnly ticaliy the buta- 
dienes yield olefins or paraffins, the orientation 
of the addendum at the dihy dro stage depending 
on the nature and position of the substituent 
groups in the carbon chain The following 
approximate compositions of reaction mixtures 
have been observed by Lebedev and Yahubohik 
(J.C.S. 1928, 832, 2192) at the stage of 60% 
hydrogenation (platinum catalyst) : 


60% Hydrogenation. 


Diene. 

Butadiene . . . 


a-Methylbutadieno 

(Piperylene) 


0-Methyl bti ta dien e 
(I*oprcne) 


Composition or Product 
Butane (34%), jo. 
butene (23%), 
bntene (9%), butadiene 
434%). 

Pentane (32%), propyl- 
ethylene ( 10 %), g. 
tnethyletbylethyleno 
420%), piper} lene (32%). 
isopentane (30%), {go. 
propyleth} lene (12%), 

os - methyiethylethylene 

(13%), tnmethj le'thyl- 
ene (J5%), isoprene 

( 30 %). 


Diene ( (imposition of Product 

0y-Dimethy (hut a- 0y- Di me t hyi but ano (2S%), 

diene as - nxethjlwopropjl 

ethylene (27 4%), tetra- 
methylethylene (16 6%), 
0y - dimethylbutadiens 
(28%). 


I The butadienes also unite with ozone to yield 
mono- or di ozonides, and often unite span 
taneously with oxygen to yield peroxide 
derivatives. With sulphur dioxide they yield 
monomeric or polymeric cyclic sulphones, 


y CH, 

CMe 

I 

CH 

^CH. 


CH, 

CMe \ 


and with selenium dioxide cyclic selenones 
analogous m constitution to the sulphones. 


Melting Points of Sou-hones and 
Selenones. 


Butadiene. 

Sulphonc 

Selenone 

0-Methyl 

63° 

67® 

0y-Di methyl- . . . 

133® 


0 Phenyl 

133® 


0y Diethyl- 

— 


0y Diphenyl . . 

183® 

89® 


When warmed wntli maleic anhydride the 
butadienes yield crystalline anhydro cycle- 
hexenes, often m quantitative yield, the reagent 
attaching itself to the terminal carbon atoms 
of the butadiene system (Diels-Alder reaction; 
sec Annalen, 1928, 460, 98; 1929, 470, 62; 
Bee, 1929, 62, flil, 2081) : 



/\ 


CHCO, 

11 / 

CHCO/ 


0 


\/ 

-c /C \h.co v 

4 ch-cq) 0 


/\ 


The hexatriene9 and higher polyenes react 
similarly with maleic anhydride, the reagent 
attaching itself to the terminal carbon atom* 
of one or other of the butadiene system* (Farmer 
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and Warren, J.C.S. 1929, 897; Kuhn and 
VVagner-Jauregg, Ber. 1930, 63, [B], 2662). 

CH-CH:CH 2 [;CH . C o] 2 -0 

CH-CH:CH 2 " 



Ph-[.CH:CH] 5 -Ph 2[:CHCO] 2 Q ^ 



CH:CH— 


Ph 


(A— •CO-O-CO-) 

All these derivatives have reasonably sharp 
melting-points and serve to characterise the 
hydrocarbons. Analogous cyclohexene deriva- 
tives are formed with acraldehyde, acrylic ester, 
and other systems containing the group 
•CH:CH'CO, those with naphthaquinone and 
quinone 


H H„ 


Butadiene 


\/ 

II 

O 

Ifaplithaquinonc. 


(1 mol.) 




\/i\. 

|| H Ho 

O 

Tetrahydroanthraquinone. 


o 

O 

II H H 2 

II 

ii j) _ Butadiene 

/\ 

II II 

l /\) (1 mol.) 

\/ 

II H H 2 . 

II 

o 

o 

TetraliydronaphUia- 

Quinone. 

qulnone. 




Butadiene 
(2 mols.) 


Octahydroanthraquinone. 

being particularly interesting and valuable owing 
to their hydroaromatic nature and consequent 
capacity to yield aromatic compounds by simple 
means. Tho DicIs-AIder reaction thus affords a 
direct means of synthesis for numerous naphtha- 
lene and anthracene derivatives ; moreover, the 
naphthaquinone addition products, like the 
maleic anhydride derivatives, are suitable for 
the characterisation of the conjugated dienes and 
polyenes. 

Polymerisation. — The butadienes yield spon- 
taneously, or on heating (with or without a 
catalyst), dimerides and higher polymeridcs. 
So far ns is known, all the artificially formed 
dimerides of this group, save one, arc cyclo- 
hexane derivatives, built up in similar fashion 


to the maleic anhydride derivatives mentioned 
above. Thus the dimeric product from isoprene 
appears to consist chiefly of 1:3- and 1:4- 
menthadiene (Wagner-.Tauregg, Annalen, 1931, 


Me 


+ 


+ 




Me 


Me( 


\/ \ 


488, 176), although in this example four isomeric 
dimerides are theoretically possible. The exist- 
ence of an open-chain dimeride of isoprene, 
jS-myrcene (supposedly 


CH 2 :CMe-CH 


2 CH 2 -CH:CMe-CH:CH 2 ), 


reported by Ostromisslenski to be present in 
the heat-degradation product of natural rubber 
(J. Russ. Phys. Chem. Soc. 1915, 47, 1911, 
1928) has not been confirmed. Two naturally- 
occurring hydrocarbons, ocimene and myreene 
(see below), possess constitutions appropriate 
to open-chain dimerides of isoprene. The 
exception to the cyclohexene rule which was 
noted above refers to the dimeride of a-phenyl- 
butadiene, which according to E. Bergmann 
(J.C.S. 1935, 1359) has the formula 


CHPh:CHCH 

/ 


CHCH z Ph 


\ 

ch 2 ch 

The butadienes yield either spontaneously, by 
the action of heat, or under the influence of such 
catalysts as sodium or oxygen, high polymerides 
which resemble in smaller or greater degree 
natural rubber. These appear to be long-chain 
compounds formed in the main by the end to 
end linking of the monomeric units, but not 
necessarily in the perfectly regular fashion 
attributed to natural.rubber. For the constitu- 
tion of these high polymerides, see Katz (Trans. 
Faraday Soc. 1935, 32, 83), Carothers, Kirby 
and Collins (J. Amer. Chem. Soc. 1933, 55 791) ; 
for details concerning the polymerisation of 
P-n-heptyl- and /3-phenylbuta diene, see Carothers 
and Berchet (ibid. p. 2813); for a species of 
open-chain hydration-polymerisation, see Wag- 
ner-Jauregg (Annalen, 1931, 488, 176). 

/8 -Chlorobutadiene (chloroprene) polymerises 
spontaneously to yield a rubber-like product of 
excellent quality, used as artificial rubber 
(“ duprene ”) (Carothers, Williams, Collins and 
Kirby, J. Amer. Chem. Soc. 1931, 53, 4203), and 
tho speed of this transformation is roughly 700 
times greater than that of the analogous trans- 
formation of isoprene. There are, however, four 
well-defined and qualitatively distinct types of 
polymeride : 

Plastic 
polymeride 
(a) 

4 

Non-plastic 
polymeride 
(p) 


Volatile 

polymeride 

m 


Chloroprene 


4 

Granular 

polymeride 

(u>) 
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Of these the most important are the a- and the 
ft poly mendpa or “ polyprenes,” since the former 
corresponds in its properties to unvulcanised 
rubber and the latter to vulcanised rubber. 
The p-polymende i3 the final product of the 
spontaneous poly mensation of chloroprene ; 
the a polymende is formed as an intermediate 
stage in the formation of the ft product, and its 
isolation can only be effected when (1) the 
temperature is not too high, since elevated 
temperature accelerates the transformation of 
a-polymende to p-polymende more than it 
accelerates the formation of a polymeride from 
the monomeric diene, and (2) the reaction is not 
too slow, since not only do most inhibiting 
influences have a greater retarding effect on 
the formation of the a than on the p product, 
but very slow reaction often yields the t»- 
poly mende Light and pressure appear to have 
a greater accelerating effect on the formation 
of the a polymende than on the transformation 
of this into the p-polymende. 

The p polymende is a dimeric terpene like 
material and is an undesirable by-product in 
rubber synthesis. The to polymende is also a 
useless product and is made up of discrete 
rubber-like particles which are non-plastic and 
not even swelled by rubber solvents ; its forma- 
tion is autocatalytic. When a speck of to-poly- 
raeride appears (or is introduced) in a specimen 
of incompletely polymensed chloroprene, the 
entire specimen 13 soon more or less completely 
converted into the to polymende. The forma- 
tion of such nuclei of the oj-polymende is 
favoured by strong ultraviolet light and by metal 
surfaces (Carothers, Kirby, and Colima, J. Amer. 
Chcm. Soc. 1933. 65. 789). 

p Bromobutadiene (bromoprene) polymerises 
in a somewhat Bimilar manner to chloroprene. 
ft , p , and to polymerides have been described 
by Carothers, Kirby and Collins (i.e., p. 793). 
The structures of both polycbloroprene and 
polybromoprenc are probably to be represented 
by the formula (X=CI, Br) : 

— CH. CH C CH. CH- CH C CH. CH. CH C CH,~ 

A A A 

Butadiene (erythrene, divinyl), 

CHjiCH CH:CH,. 

is stated to be formed in 30-50% yield by heating 
crotyl alcohol with toluidme hydrogen sulphate 
or oxalic acid; m 50-60% yield by passing 
crotyl acetate vapour over heated alumina; in 
03% yield by passing eyefobutanol vapour over 
alumina at 300°-350° ; in G0% yield by dropping 
ay-dihydroxy butane on phosphoric acid heated 
at 300° or by passing it9 \apour over contact 
agents, heated to a suitable temperature, such 
as (1) dehydrated potash alum or aluminium 
sulphate or prim, potassium phosphate (E.P. 
291748; S0% yield), (2) cenum phosphate on 
pumice, or a mixture of prim, sodium phosphate 
and graphite, with or without phosphoric acid, 
or sodium pyrophosphate and phosphoric 
acid (E.P. 317500 ; 00% yield), (3) a mixture 
of prim, sodium phosphate and prim, butylamine 
phosphate, or of sec. calcium phosphate, lamp 
black, graphite, crystalline ammonium oxalate 
and pnm. ammonium phosphate (E.P. 326185), 


(4) a mixture of sec. calcium phosphate, 
sec. ammonium phosphate and graphite, or 
of prim, sodium phosphate, prim, butylamine 
phosphate, and graphite (E.P. 317500), (5) heated 
kaolin, (6) aluminium phosphate, and (7) an- 
hydrous ferrous sulphate ; also by passing t. 
butylene oxide over phosphoric acid heated at 
400 o -500 o , and in many other ways. B.p. c. -5* 
to — 4° ; derivative with maleic anhydride, m p. 
103°-104°; derivative with a-naphthaqumone, 
m p. 102°-103° ; dibromides, (i) m p. 53°, and 
(ii) b p. 58°-66°/14 mm. ; tetrabromides, (i) m p 
118°, and (ii) m.p. 37°-39°. 

a-Melhylbutadiene, piperylene, ‘ 

CHMeCHCH.CH,, 

is prepared by the dehydration of J/kpenten- 
8 ol, CHMe.CH-CHMe(OH), by passing its 
vapour at about 20 mm. pressure over kaolin 
heated to 400°, or by the dehydration of /IS 
dihydroxypentanc, 

CHMe(OH) CH,CHMe(OH), 
by heating 100 g. with about 1 g. of 48% 
hydrobromic acid. Bp. 42 4°-42 6°/766 mm.; 
d 2 4 °, 0 6803 ; n™, 1*4309 ; demative with maleic 
anhydride, m.p. 62°. 

P Mtthylbuladitne, tsoprene, 

CH 2 .CMe CH CH 2 , 

can be obtained from each of three isomenc 
pentanes contained in American petroleum. 
n-Pentane gives on chlorination a mixture of 
two isomenc monochlondea (u- and p chloro- 
pentane) which yields on dehydrochlormation 
with quicklime at 385°-400° a mixture of d°* 
and A& pentene. The latter, when passed over 
alumina heated to 450°, suffers conversion into 
trimethylethylene, from which diehlorowo- 
pentane, CMe 2 CI CHCl CH 3 , may be obtained 
either by direct addition of chlorine, or by 
addition of hydrogen chloride (yielding iso?myl 
chloride, CMe 2 CI CH 2 CH 3 ) followed by 
chlorination. The dichloronopentane thus ob- 
tained yields isoprene when passed over heated 
barium chloride. 

isoPentane, CHMe 2 CH 2 CH 3 , gives on 
chlonnation the chlondes CMe.Cl GHj-CH, 
and CHMe 2 CHCICH 3 , each of which yield* 
trimethylethylene almost quantitatively when 
passed over quicklime at 450°. From the tri- 
methylethylene isoprene is obtained as above. 

Tetramethvlmethane gives on chlorination 
the chloride CMe s CH,CI. which isomcriscs i to 
isoamyl chloride, CMe 2 CI CH 2 CH 3 , on dis- 
tillation. The latter may be converted into di- 
chloroisopentane and thence into isoprene »* 
above. For laboratory purposes isoprene can 
be prepared by thermal degradation of rubber 
(Bassett and Williams, J.C.S. 1932, 2324) or 
by* thermal degradation of lirnonene using 
Harries and Gottlob’s “ isoprene lamp (A° 
nalen, 1911, 383, 228; see also Whitby ana 
Crozier, Canad. J. Res. 1932, 6, 203). 

Crude isoprene can be freed from 
carbon impurities by converting into its hy or°- 
bromide, CMe t CH CH 2 Br, and thence by 
the action of 5% potassium carbonate into t 
tertiary alcohol, CMe,(OH) CH:CH 3 * «° 
this the pure by drocarbon is obtained by be* * 
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ing with a little aniline hydrobromide (Farmer 
and Warren, J.C.S. 1931, 3221). An alternative 
method of purification consists in forming the' 
crystalline sulphone derivative of the hydro- 
carbon by the action of sulphur dioxide, and 
decomposing this compound by heat (Jones and 
Williams, J.C.S. 1934, 829). Another method of 
purification which, it is claimed, gives a very 
pure product relies entirely on fractional 
distillation of the crude hydrocarbon using a 
vacuum-jacketed column (140 cm. long) and a 
reflux ratio of 15 : 1 (Bekkedahl, Wood and 
Wojciechowski, J. Res. Nat. Bur. Stand. 1936, 
17, 883). Isoprene has b.p. 34-076°/760 mm. ; 
d 20 , 0-6805; n™, 1-4160; derivative with maleic 
anhydride, m.p. 63°-64° (Bekkedahl, Wood 
and Wojciechowski, l.c. ; Farmer and 
Warren, l.c.). 

aa- Dimethylbutadiene, C M e 2 : C H -C H : C H 2 . 
A hydrocarbon which appears to be sub- 
stantially pine aa-dimethylbutadiene has been 
prepared from jS-cyclopropylpropene by the 
successive action of hydrobromic acid and 
alcoholic potash (Keersbilek, Bull. Soc. chim. 
Belg. 1929, 38, 205; Farmer and Warren, 
J.C.S. 1931, 3231). Mixtures of aa- and ay- 
dimethylbutadiene are obtained by dehydration 
of various alcohols, e.g. CHMe:CH-CMe 2 -OH 
(5% aa-) and CMe 2 :CH-CHMe-OH (small 
proportion aa-), but satisfactory separation of 
the components has not been achieved (Bacon 
and Farmer, J.C.S. 1937, 1065). B.p. 72-6°- 
76-6°/758 mm.; d 2 , 0 , 0-7183; n 20 , 1-4525; 

derivative with maleic anhydride (highly 
polymerised substance), decomposes without 
melting. 

afS-Dimethylbuladienc, 

CHMe:CMe-CH:CH 2 , 

is prepared from y-methyl-d^-penten-S-ol, 
CHMe.-CMe-CHMe(OH), either by the 
successive action of hydrochloric acid and quino- 
line (Abelmann, Ber. 1910, 43, 1583) or by direct 
dehydration (Farmer and Warren, J.C.S. 1931, 
3232). B.p. 76-0°-79-4°/773 mm.; d 20 , 0-7279; 
np, 1-451 1 ; derivative with maleic anhydride, 
m.p. 67°. 

ay-Dimelhylbuladiene, 

CHMe.-CH-CMe:CH 2 , 

is prepared by the dehydration of /?-methyl- 
pentanc-)98-diol, 

CMe 2 (OH)-CH 2 -CHMe(OK', 

(Kyriakides, J. Amer. Chem. Soc. 1914, 36, 994 ; 
Farmer and Scott, J.C.S. 1930, 511); a small 
proportion of the isomeric aa-dimethylbutadiene 
is formed at the same time (Bacon and Farmer, 
unpublished work) but this hydrocarbon does not 
constitute the main product as supposed by 
Whitby and Gallay (Canad. J. Res. 1932, 
6, 280). B.p. 75-6°-75-7°/762 mm. ; d 20 , 0-7196 ; 
71 1*4467; derivative with maleic anhydride, 

m.p. 56°-57°; dibromide, oil, b.p. 101°- 
103°/22 mm. (decomp.). 

ah- Dimethylbutadiene, 

CHMe:CH-CH:CHMe, 
is prepared by tho dehydration of ethyl propenyl 


carbinol, CHMe:CH-CH(OH)Et, at 15-20 
mm. pressure in the presence of kaolin at 420° 
(Kyriakides, J. Amer. Chem. Soc.- 1914, 36, 
994). B.p. 77-0°-81-6°/765 mm. The wide range 
of boiling-point is probably due partly to the 
presence of cts-frana-isomerides, but partly also 
to the presence of a very small proportion of 
a-ethylbutadiene. The lower boiling fraction 
of the hydrocarbon gives the values : d 4 °, 0-7108; 
Tip, 1-4427; and the higher boiling fraction: 
d 2 4 °, 0-7152; n 20 , 1-4493. Derivative with 
maleic anhydride, m.p. 95°-96° ; dibromide, 
b.p. 85°/ll mm. 

fly- Dimethylbutadiene or dih.oprope.nyl, 

CH 2 :CMe-CMe:CH 2 , 

is prepared by the dehydration of pinacol, 
CMe 2 (OH)-CMe 2 (OH), by heating with a 
little hydrobromic acid (Kyriakides, J. Amer. 
Chem. Soc. 1914, 36, 987). B.p. 69-0°/761 mm ; 
d 20 , 0-7262 ; n£°, 1-4393 ; derivative with maleic 
anhydride, m.p. 78°-79° ; dibromides (i) m.p. 
47°, (ii) oil, b.p. 101°-105°/15 mm. 

Myrcene, 

CMe 2 :CH-CH 2 -CH 2 -C(:CH 2 )-CH:CH 2 , 

oceurs in bay oil, the essential oil of hops, 
Barosma venusla, and the oil of Lippia cilriodora. 
It is formed, together with other hydrocarbons, 
by the action of potassium bisulphate on likare 
oil. It is a colourless liquid, b.p. 62°-63 °/ 
17 mm., which polymerises on long standing, 
and yields myrcenol on hydration with a 
mixture of sulphuric and acetic acid; d 16 , 
0-8013; Tip, 1-4700; derivative with maleic 
anhydride, m.p. 34°-35°. 

Ocimene, 


CH 2 -.CMe-CH 2 -CH 2 -CH:CMe-CH:CH 2 , 


occurs in the leaves of Ocimum basilicum. 

ft -Myrcene, formerly reported to possess an 
open-chain structure, is without doubt a cyclic 
compound (see Polymerisation, above). 

1 3-Chlorobutadiene, chloroprene. 


CH 2 :CCI-CH:CH 2 , 

is prepared by the addition of hydrogen chloride 
to vinylacetylene (see olefin-acetylenes). The 
primary addition product is chloromethyl- 
allene, but this isomerises spontaneously, 
especially in the presence of cuprous chloride, 
into chloroprene (Carothers, Berchet and 
Collins, J. Amer. Chem. Soc. 1932, 54, 4066; 
Carothers, Williams, Collins and Kirby, ibid. 
1931, 53, 4203) : 

CH 2 :CH-C:CH HCI CH 2 C1-CH:C:CH 2 


ay- change 


CH 2 :CH-CC1:CH 2 . 


B.p. 59-4°/760 mm. ; d 20 , 0-9563 ; u 20 , 1-4583 ; 
it yields no derivatives 'with maleic anhydride or 
a-naphthaquinone. 
fi-Bromobutadiene, bromoprene, 

CH 2 :CBr-CH:CH 2 , 

is prepared by the action of concentrated 
hydrobromic acid on vinylacetylene in presence 
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of freshly prepared cuprous bromide (Carothers, 
Co 11 ms and Kirby, J. Amer. Chem. Soc. 1933,' 
55, 786). 

CHjiCH C-CH -?*■ CH t Br-CH.C:CH, 

• » CH t CH CBnCH* 


Bp. 42-43°/lC5 mm.; df, 1-397; Hggg. 
derivative with maleic anhydride (hydrated), 
mp. 186 5°-187°; derivative with a-naphtha' 
quinone, m.p. 138°. 

OfAer open-chain butadienes . — The following 
compounds, infer alia, have been obtained: 



Bp(Mp) (°C.) 

M.p of maleic 
anhydride de- 
rivative CC ). 

M p of naph- 
thaqaiQooe 
derivaUve(*C ) 

p n Butyl- . . .... 

121-123 

— 

63-64 

fi-tert. -Butyl- . 

104-106 

124 

90 

/3-n-Heptyl ... 

52-54 (5 mm.) 

— 

81 

a-Phenyl- . ... 

96(18 mm.) 


— 

0-Phenyl- . .... 



146-147 

a-Methyl ft chloro- .... 

99 5-101 

— 

181 

a Ethyl p chloro* . ... 

63-2-69(117 mm.) 

— 

151-152 

0y-Dichloro- ... 

98 

— 



1G8-170 

128-129 



aS-Diphenyl- (3 forms) 

(152); (70); oil 

207 

— 

0y-Diphenyl- . 

(49) 

— 

— 

aS-Dibenzyl- . 

(79) 

— 

— 

aay-Tnmethyl- . 

92 

— 

— 



— 

— 


33-34 (7 mm.) 

— 

— 

aS-Diinethyl 0y-diethyl- . . 

158-165 

90-91 

91-92 

a0yS-Tetramethyl- . . . 

132-134 

— 

— 

o^yS-Tetraphenyl- . . . . 

(183-184) 

— 

— 

aa88- 

(202) 




Hexatriene, CH t -CH CH:CH CH.CH,, is 
prepared by treating s divmylethylene glycol, 
CH,-CH-C'H(OH) CH(OH)-CH.CH t , with 
phosphorus tnbromide and dehalogenating the 
product with zinc (van Romburgh and Muller, 
Proc. K. Akad. Wetensch Amsterdam, 1914, 16, 
1090). It is a colourless liquid, b p. 80°-80 5°; 
d” 3 , 0 740; n^ s , 1-5172; derivative with 
maleic anhydride, m p 515®. For ets-hexat none 
and for the dibromides of hexatriene, see 
Farmer, Laroia, Switz and Thorpe, J.C.S. 1927, 
2937. 

For af dimethylhexatriene and af diphenyl- 
hexatnene (m.p. 124°-125°),a«e Farmer, Laroia, 
Switz and "Thorpe (1 c.), and "Kuhn and "Winter 
stem (Helv. Chim. Acta, 1928, 11 , 87). 

Higher Polyenes. — The following series of 
aoi diphenyl-polyenes, Ph [CH.CH]„-Ph, has 
been synthesised by Kuhn and Wmterstem, l e . : 
afl-diphenyl-octatetraene, m p. 232°. 
ok „ decapentaene, m.p. 253°. 

o/i „ dodecahexaene, m.p. 267°. 

op ,, hexadecaoctaene, m.p. 285°. 

For the addition products of these, see Kuhn 
and "Wmterstem, l.c , pp. 123, 144. E. H. F. 

BUTADIENES AND POLYOLEFINS 
( Non-conJ ugated). The non -conjugated buta- 
dienes are allenes (y.v.). Of the non-conjugated 
polyolefins the most important compounds are 
the symmetrical diolefins obtained by the 
action of sodium on halogeno-olefins of the type 
RCH:CHCH,1 or R'-CH:CR"-CH 2 I (R= 
H or alkyl). Unsymmetrical diolefins are formed 
by dehalogenation and elimination reactions 
si m i l ar to those employed for the butadienes 

(flwj* 


The diolefins unite with ono or two mole 
cules of chlorine, bromine, hypochlorous and 
and other olefimc reagents ; they Teadily 
undergo catalytic hydrogenation and are con 
verted by dilute sulphuric acid into olefimc 
oxides; they are susceptible of oxidation by 
atmospheric oxygen and frequently polymerise 
spontaneously. 

DiaUyl ( A ot bexadiene), 

CHj-CH-CHj-CHj-CH.CHj, 
b p, 59 3°/769 mm., is obtained from ally 1 iodide 
and sodium ; dicrolyl ( A^-octadiene), 

CUMeCH-CH^-CHj-CH CHMe, 
b p. I17°— 119°, is obtained from crotyl bromide 
and sodium ; di isocrotyl (/?e-dimethyl A * 
bexadiene), C H 2 - C M e C H 2 - C H 2 C M e CH 2 , 
b.p. 113°-114°, is obtained from isocrotyl 
bromide and sodium. E. H. I- 

BUTALDEHYDES, C 4 H g O. 

Normal butaldehyde, CHj-LCHjfj-CHO, » 
prepared by distilling a mixture of calcium 
n butyrate, calcium formate and iron filing* 
The distillate is fractionated, and the product 
isolated as the bisulphite compound from the 
fraction boiling at 70°— 110° (Lipp, Annalen, 
1882, 214, 355; Linnemann, ibid. 1872, 181, 
186; Kahn, Ber. 1885, 18, 3364). It can also 
be prepared by the action of magnesium 
n-butyl bromide on ethyl orthoformate (Bodroux, 
Compt. rend. 1904, 138, 700), by catalytic 
hydrogenation of crotonaldehyde (B.P. 271103. 
147118) and by passing the vapour of « hutJ 1 
alcohol over heated copper oxide (B.P. 173004) 
It is a liquid of b p. 73°-74° and d? 08170 
(Bruhl, Annalen, 1880, 203, 18). It dissolve* 
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in water to the extent of 3-7 parts in 100. 
It yields a crystalline bisulphite compound 
(Juslin, Ber. 1884, 17, 2505), and with aqueous 
ammonia at 0° gives butaldehyde-ammonia, 
C 4 H n 0N,3IH 2 0, m.p. 30°-31° (Guckelberger, 
Annalcn, 1847, *64, 52). If alcoholic ammonia 
and the aldehyde are allowed to stand for a 
month and then heated for a day at 100°, 
two bases are formed, tetrabutyraldine, and 
dibutyraldine, C 8 H 17 ON, which can be isolated 
by distilling off the unchanged starting materials 
and fractionally precipitating with platinic 
chloride. The latter base only has been 
crystallised. 

Butaldehyde is used for the preparation of 
butyric acid, and for increasing the elasticity 
and toughness of rubber used for dipping 
(U.S.P. 1445080). Its condensation products 
are used as vulcanisation accelerators. 

On standing four days with a little zinc 
chloride, butaldehyde polymerises to para- 
bulaldehyde, (C 4 H s O) 3 , an oil of suffocating 
smell, b.p. 129°~130735 mm., and d 21 0-917 
(U.S.P. 1576503). It remains liquid at —20°. 
On distilling or heating with acids it yields 
butaldehyde and resinous compounds. 

Metabutaldehyde, (C 4 H g O)i, is formed, with 
parabutaldehyde by the action of hydro- 
gen clilorido on butaldehyde at —20° (Franke 
and Wozelka, Monatsh. 1912, 33, 353). It 
forms needles of m.p. 173°, subliming at 150°, 
readily solublo in hot alcohol and benzene but 
not in water. Its molecular weight is about 250. 

PPy-Trichlorobutaldehyde (butyl chloral), b.p. 
164°-165°/750 mm., and its hydrate, m.p. 78°, 
have been prepared by Pinner (Annalen, 1875, 
179, 26). 

iso Btdaldehyde, (CH 3 ) s CH-CHO, is pre- 
pared by the oxidation of isobutyl alcohol with 
potassium dichromate (Lipp, Annalen, 1880, 
205, 2; Pfeiffer, Ber. 1872, 5, 699; Fossek, 
Monatsh. 1881, 2, 614 ; 1883, 4, 661) or by dis- 
tilling calcium formate with calcium isobutyrate 
(Linncmann and Zotta, Annalen, 1872, 162, 7). 
It is a liquid of b.p. 63°-647757 mm. (Briiki, 
Annalen, 1880, 203, 18), d 20 0-7938 (Briihl) and 
d 15 0-79722 (Perkin, J.C.S. 1884, 45, 476). 
It dissolves in 9 parts of water at 20° and is 
soluble in alcohol and ether. Condensation 
compounds have been obtained by Perkin 
(J.C.S. 1883, 43, 91). 

Diisobutaldehydc, (C 4 H 8 0) 2 , b.p. 136°-138°/ 
18 mm., is obtained by heating isobutaldehyde 
with a concentrated solution of sodium acetate at 
150° (Fossek, l.c.). 

Paraisobutaldehyde, (C 4 H s O) 3 , m.p. 59°-60°, 
b.p. 195-2°/752-3 mm., is obtained by the action 
of zinc chlorido on the aldehyde (Fossek, l.c .) ; 
also by the action of chlorine or of bromine 
or iodine vapour (Barbaglia, Ber. 1872, 5, 
1052; 1873, 6, 1064; Gazzetta, 1886, 16, 431) 
on the aldehyde. , 

BUTANE AS A FUEL. Liquefied 
petroleum gases, e.g. propane and butano, 
aro finding an ever-increasing market both as a 
domestic fuel supplied in containers, and as. 
industrial fuel, e.g. for cooking in railway dining- 
cars, for general industrial heating, and, to a 
very much smaller extent, as a fuel mixed with 
hj’drogen for airships. 


The potential supply of butane is so great 
as 40,000 tons a year, a good deal of which finds 
its way into ordinary motor spirit, where it is 
advantageous as a means of increasing volatility 
and for increasing anti-knock value. 

The propane supplies are even greater and 
amount to approximately 70,000 tons a year. 

The method of extracting these gases consists 
in absorption from natural gas by means of a 
convenient solvent, recovery by means of dis- 
tillation and then careful fractionation. A 
certain amount of chemical treatment is 
necessary and a convenient desulphurising agent 
is sodium or calcium hypochlorite. 

Some properties of liquid propane and butane 
follow : 


Property. 

Com- 

mercial 

Propane. 

Com- 

mercial 

Butane. 

Specific gravity of liquid . 

0-51 

0-58 

Initial boiling-point 

-51°F. 

15°F. 

Cu. ft. of gas at 60°F. and 
atmospheric pressure per 
gallon of liquid at 60°F. . 

36-3 

31-5 

Percentage of the gas in air 
for maximum tempera- 
ture of flame .... 

4-3 

3-3 


In the case of propane the liquid vapourises 
conveniently at ordinary temperatures, but it is 
sometimes necessary in the case of butane to 
provide auxiliary heat. 

For domestic use cylinders are provided 
holding 60 days’ normal fuel supply. 

A variety of industrial uses is as follows : 

(1) Direct liquefied gas serves for domestic 
and industrial uses. 

(2) Enrichment of low thermal standard gas, 
e.g. water gas. 

(3) Raw material for reforming to ordinary 
tow-n gas services. 

(4) Special purposes, e.g. solvents, cleansing 
mineral oils, refrigeration, source of synthetic 
chemicals, welding and metal cutting. 

A. E. D. 

BUTANE v. Butyl- compounds. 

BUTANONE ( Methyl ethyl ketone) v. Ace- 
tone Oil. 

BUTEA FRONDOSA. The Bulea fron- 
dosa, also called Dhak or Pirfas, is a fine tree, 
30-40 ft. high, belonging to the order Legu- 
minosx. It is common throughout India and 
Burma and is found in the North-West Himalaya 
as far as the Jhelum River. The flowers, which 
in the dried condition are known as tisu, 
kesfi, kesuda, or palas-keppul, have a bright- 
orange colour, and, although they are much 
larger, closely resemble in appearance the 
common gorse-flower (XJlex europceus), with 
which, indeed, they are botanically allied. 

From the Bulea frondosa is also obtained the 
so-called “ Butea gum ” or “ Bengal kino,” 
employed by the natives for tanning leather; 
and the tree is of additional interest because in 
many parts of India the lac insect ( Coccus lacca) 
is reared upon it. This latter, as is well known, 
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causes the formation of stick lac from which 
shellac and lac dye are prepared. 

Butin . — The flowers are extracted with boiling 
water and the extract digested with a little 
sulphuric acid. A light viscous precipitate 
devoid of dyeing property separates and this is 
removed while hot and the filtrate left over- 
night. The clear liquid is now decanted from a 
small quantity of tarry substance and partially 
evaporated on the water bath. A further 
quantity of a black viscous precipitate thus 
separates, and when this has been removed the 
filtrate, after some days, deposits crystals of 
the colouring principle, bulin. For purification 
the product 13 dissolved in a little alcohol, the 
mixture poured into ether, and the solution 
well washed with water. The ethereal liquid is 
evaporated and the residue repeatedly crystal- 
lised from dilute alcohol (Perkin and Hummel, 
J.C.S. 1904, 85, 1459) 

Butin, C, 5 H 11 O s -(- $HjO, colourless needles 
(tram alcohol), m p. 224°~226°, -+2H t O, pale 
yellow needles (from water), dissolves in 
alkaline solutions with a pale orange red tint, 
and gives with alcoholic lead acetate a faintly 
yellow, almost colourless, precipitate. The 
tnacelyl derivative, colourless leaflets, melts 
at I23M25", and the tnbemoyl compound, 
colourless needles, at 155°-157°. On fusion with 
alkali at 200°-220 o butin gives protocatechuic 
acid and resorcinol. 

When butin is boiled with dilute potassium 
hydroxide solution the pale-coloured bquid 
becomes much darker, and on acidifying an 
orange crystalline precipitate separates which 
consists of butein. 

Butem, C ls H,j0 6 .H jO, needles, melts at 
213°-215° ; dissolves in alkaline solutions with a 
deep orange-red colour, and with alcoholic lead 
acetate gives a deep red precipitate. Tetra 
acetylbutein, pale yellow needles, melts at 129°- 
131°. 

When fused with alkalis butein gives resor 
cinol and protocatechuic acid, whereas by the 
action of boiling 50% potassium hydroxide 
solution, protocatechuic acid and resaceto- 
phenone are produced. 

By methylation with methyl iodide butin 
gives bultn trimelhyl ether, colourless plates, 
up. 119°— 121°, and also buiein trimelhyl ether, 
yellow leaflets, m.p. 156°-15S°. In a similar 
manner, butein yields not only butem tnmethyl 
ether, but also butin tnmethyl ether. 

Perkin and Hummel thus assigned the 
chalkone structure (I) to butein and the 
corresponding flavanone configuration (II) to 
OH 


butin, and established the correctness of these 
formulae by the synthesis of butein and batm 
tnmethyl ethers. Resacetophenone mono- 
methyl ether condensed with veratraldehyde 
yields butem t nmethyl ether (III), and this, when 
digested with boiling dilute alcoholic sulphano 
acid gives butin tnmethyl ether (IV). 

OMe 

MeO^ /X '.OH r' /N ',OMe 

1^1— CO-C H= C H— l J 

III. 

OMe 

M e 0( //% Y'° N 'C H— ^0 M e 




I 

/CH- 


IP. 

Somewhat later Goschke and Tambor (Ber. 
19 1 ] , 44, 3502) prepared butein itself by treating 
protocatechuic aldehyde and resacetophenons 
w boiling alcohol with potassium hydroxide 
solution and found this to be identical in all 
respects with the natural product. Baton 
methyl ether, yellow needles, m p. 185°, butein 
Z'-4'-dmethyl ether, yellow prisms, rap 203°, 
and butein tetramethyl ether (Ber. 1912, 45, 186) 
colourless needles, m.p. 89°, were also desenbed 

A further synthesis of butein is recorded by 
Shmoda, Sato and Kawagoye (J. Phann. Soc. 
Japan, 1929, 49, No. 571, 123). The condensa- 
tion of the acid chlonde of dicarbethoxycafleic 
acid with resorcinol in dry nitrobenzene-ether 
solution in presence of aluminium chloride at 
100° furnishes a product which, when heated 
with 10% potassium hydroxide solution in an 
atmosphere of hydrogen, yields butem on 
acidification. 

Butein itself is also converted into butin by 
means of dilute alcoholic sulphuric acid, and the 
butin can again be transformed into butem by 
the action of potassium hydroxide solution 
With alcoholic potash butin tnmethyl ether also 
gives butein tnmethyl ether, and these changes 
are readily explained if it is assumed that the 
intermediate compound 

OH 


hoAoh C \” ( h oh, "(Z) OH 

-CO 


HOf^OH f /X |° H 

J-CO— C H= C H —l J 


OH 



II. 


or its tnmethyl ether is the first product of the 
reaction in each case, and that this sub- 
sequently, by loss of water, passes into either 
chalkone or flavanone, or both. _ 

When butem dissolved in acetic acid is treated 
with a few drops of sujphunc acid, and the 
solution is boiled, a new substance gradually 
separates in the form of crystals, which possess a 
beetle gTeen mdescence, and dissolve > n 
alkaline solutions with a deep blue colour. The 
acid liquid decanted from the crystals, 00 
dilution with water, gives a brown precipitate 
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soluble in alkalis with a bluish-violet coloration, 
which dyes mordanted calico shades of a similar 
character to those yielded by anthragallol. 
It appears probable that this more soluble 
substance represents the first product of the 
reaction, and is subsequently converted into 
the green iridescent compound. A considera- 
tion of the formula of butein renders it unlikely 
that these new substances are anthraquinone 
derivatives ; on the other hand, it is suspected 
that by loss of water ring formation takes 
place and that an indone derivative of the 
following type is first produced : 


OH 



Butin and butein dye mordanted woollen 
cloth identical shades, though as butin gives 
with an alcoholic lead acetate solution a prac- 
tically colourless precipitate, it is not to be 
regarded as a colouring matter. In other words, 
butin is merely a colouring principle and is 
converted during the dyeing operation by the 
action of the mordant into the colouring matter 
butein. With chromium, aluminium, tin and 
iron mordants reddish-brown, brick-red, full 
yellow and brownish-black shades respec- 
tively are obtained, and these are strikingly 
similar to those yielded by some of the hydroxy- 
benzylidenecoumaranones artificially pre- 
pared by Friedlander and Riidt (Ber. 1890, 29, 
879). 

The butea flowers contain only a trace of free 
butin or butein, and the glucoside present, which 
has not yet been isolated, is probably that of 
butin. In dyeing operations the glucoside is first 
hydrolysed by boiling the flowers with dilute 
hydrochloric or sulphuric acid and the acid 
neutralised with sodium carbonate ; on evapora- 
tion a material is obtained which readily dyes 
by the usual methods. Such products give the 
following shades : with chromium, deep terra- 
cotta ; with aluminium, a bright orange ; with 
tin, bright yellow, and with iron, a brownish- 
olive. The chromium colour is characteristic 
and is much redder in tint than that yielded by 
any known natural yellow dye. 

A. G. P. and E. J. C. 

BUTESIN. n-Butyl p-aminobenzoate, 
H 2 N-C 6 H 4 -C0 2 Bu, it is used in the form of a 
dusting powder or ointment as a local anaesthetic. 
(Abbott, Chicago ; Pharmaceutical Products, 
London.) B.P.C. 

BUTOLAN. Carbamic acid-ester of p- 
hyoxydiphenylraethane. Brand of Carphenol. 
Vermifuge. 

BUTOXYL. Cellulose lacquer solvent, is the 
acetate of 1 :3-butylencglycol ether. Insoluble 
in water (J. Oil Col. Chem. Assoc. 1935, 222). 

BUTTER. Butter is the fatty food sub- 
stance prepared from the milk of mammals by 
heating or churning the milk, or the cream which 
has been first separated from the milk, either 
in a sweet condition or after suitable ripening. 
In practice, cream is now almost generally 
employed, but milk was at one time, and in 


some parts still is, directly used. Butter 
prepared for sale in this country is the product 
of the milk of the cow, but in some countries 
butter is made from the milk of other mammals, 
e.g. goats, buffaloes and sheep. 

The description “butter” is also in usage to 
express similarity to butter in appearance or 
consistency of some other substances which have 
no connectibn with genuine butter, for example, 
vegetable butter, coconut butter, cocoa (cacao) 
butter, butter of antimony. 

Definition of butter and legal restrictions relating 
thereto in this country . — The legal definition of 
butter in this country is — “ Butter is the 
substance usually known as butter, made 
exclusively from milk or cream, or both, with 
or without salt or other preservative, and with 
or without the addition of colouring matter ” 
(Food and Drugs (Adulteration) Act, 1928, 
s. 24). This definition is modified by the 
Public Health (Preservatives in Food) Regula- 
tions, 1925 (S. R. & 0. 1925, 775) which do 
not permit the use of any preservative in butter, 
and prohibit the use of certain colours in any 
food. For the purpose of these regulations, 
common salt is not regarded as a preservative. 
The colouring matters prohibited in food are 
picric acid, Victoria yellow, Manchester 
yellow, aurantia, aurine, gamboge, and 
metallic colours. 

“ Premises on which by way of trade butter 
is blended, re-worked, or subjected to any other 
treatment but not so as to cease to bo butter,” 
must be registered (Food and Drugs (Adultera- 
tion) Act, 1928, s. 8). 

The regulations as to the maximum amount of 
water in butter are of a two-fold character : 
(1) The Sale of Butter Regulations, 1902, 
provide that where the proportion of water 
exceeds 16% it shall be presumed that the 
butter is not genuine. This presumptive 
standard applies only to butter, e.g. farm and 
creamery butter, which has not gone through 
any process such as blending or reworking 
subsequent to manufacture. (2) The Food and 
Drugs Act (l.c. ss. 12 & 11) fixes an absolute 
limit of 16% of water for imported butter, and 
for butter which has undergone any process in a 
butter factory. 

The retail sale of butter comes under the 
provisions of the Sale of Food (Weights and 
Measures) Act, 1926, particularly as to the weight 
of paper that may be included in a sale by 
retail. 

The Food and Drugs Adt (l.c.) also defines 
(s. 34) the article known as “ milk-blended 
butter,” and limits the amount of water which it 
may contain to- 24% (l.c. s. 11). The manu- 
facture of milk-blended butter has, however, 
practically, if not wholly, ceased. 

No limits have been fixed as to the amount of 
fat or of curd in butter for sale in this country, 
but the Minister of Agriculture has power under 
the Food and Drugs Act (l.c. s. 7) to make a 
presumptive limit of the proportion of any milk- 
solid other than milk fat in genuine butter. 

Preparation. 

Butter is obtained from milk or cream by 
churning, a process which has been used from 
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time immemorial All the numerous types of 
chums used in modem butter-making arise from 
the development of the primitive skin bag in 
which milk was rolled, or the wood box m which 
milk was beaten, and m later days enclosed and 
rotated 

Cream, freshly separated from milk and m a 
sweet condition, may be directly employed for 
churning. More generally, cream is allowed to 
sour or ripen naturally, as in common farm 
practice, or is cultivated for a brief period with a 
“ starter ” — a culture of lactic acid bacteria 
and associated species capable of developing 
butter flavour and aroma. Naturally npened 
cream, the oldest method, is open to develop- 
ment of adventitious germs with production of 
unwanted flavour or aroma. 

Where a “starter” is employed, the cream 
after separation from milk and before addition 
of the “ starter ” is pasteurised to destroy 
germs of milk borne diseases and ferments 
which may affect the quality or character of the 
butter There are various methods of pasteuri- 
sation and subsequent cooling of the cream. 
After addition of the “ starter ” the cream is 
maintained at a temperature of 18° to 21° for 
some hours before churning Butter may be 
produced without regard to the acidity of the 
ripened cream, but if the acidity exceeds about 
0 3% as lactic acid it is preferable to reduce it 
to an amount below 0 3% by suitable treatment 
before the cream is passed to the churn. 

The temperature at which the churning is 
earned out is an important factor It must be 
high enough to enable the fat particles to cohere, 
but not so high as to give a greasy butter. If 
too low the cream will bo merely “ whipped." 
In hand chums a suitable temperature is 12 6° 
to 15-5 0 , in creamery chums it may be some- 
what lower. Churning is earned out at a higher 
temperature in winter than in summer Before 
commencement of churning, colounng matter is 
added, if, as is usually the case, butter of a 
standard tint is required The most suitable 
butter fat content of cream for churning is from 
30 to 33%. 

Churning consists essentially in beating or 
shaking the cream (or milk) in such conditions 
that the minntefatglobules under the concussion 
brought about by vigorous agitation coalesce, 
producing at first small granules and then larger 
aggregates, which, if churning is continued, 
collect together into one mass. Farm churning 
was at one time almost generally earned to this 
final stage, but the difficulty of washing or work- 
ing out enclosed buttermilk from such a mass 
has led to improved methods. 

A chum is so constructed that by means of 
various devices such as eccentnc rotatory motion 
and the provision of obstacles within the churn, 
the liquid undergoes violent shaking and 
beating. After operating for a brief penod, 
air and gases are liberated through a vent, 
and the churning continued until a change 
manifests itself within the chum by the increas- 
ing load on its movement, more power being 
necessary to continue the churning ; by a change 
in the sound of the splash ; and by the clearing 
of the cream from the spy -glass of the chum. 
This change is known as the “ coming ’* of the 


butter, and generally takes place in normal 
conditions about 33 to SO mmute3 from the 
commencement of churning. When the butter 
aggregates have attained a size that will enable 
them to be strained from the non-fatty serum or 
buttermilk the latter is run off. The granules 
are then sprayed with water which is allowed 
to drain away, or the churn is closed, water 
added, and the whole agitated to remove « 
much as possible of the adhering serum. The 
washing water is drained away, and the butter 
worked into a uniform mass either within the 
chum or on a table. 

If a heavily salted butter is being made, the 
salt is added at this stage and worked thoroughly 
mto the butter; in the case of a lightly salted 
butter with less than about 2% of salt, it u 
preferable to add the salt as a brme solution 
while tho butter is in the granulated state. 

Various views are held as to the causes for the 
change m milk fat during churning. The earlier 
theories of a protective membrane round each 
globule and its rupture in churning are still held 
by some but in a modified form. Rahn (Jhich. 
Forsch 1926, 3, 512) states that each globule 
of fat is surrounded by a thin layer of protein. 
Fischer and Hooker (“ Fats and Fatty Degenera 
tion,” Wiley, 1917) suggest an emulsion theory, 
in milk and cream, fat constitutes the dispersed 
phase, and skim-milk or hydrated colloid emul 
sion the continuous phase; in butter these 
phases are reversed. The permanence of the 
fat globules as individual units is attributed to 
surface tension, and to adsorption on the 
globular surface of some of the constituents of 
skim-milk, and possibly also to viscosity of milk 

Rogers and associates (“ Fundamentals of 
Dairy Science,” Reinhold Publishing Corpn, 
1935) suggest that the contmued agitation of 
cream at favourable temperatures results in the 
initiation and growth of clumps of fat, and 
when the ratio of surface area of clumps to cubic 
content becomes relatively small the emulsion 
breaks and the fat gathers m a plastic mass 
(butter). The fat phase is, however, not 
continuous in a stnet sense but exists in form of 
globules. 

Possibly something in each of these theories is 
necessary to the solution of the problem 
Churning ruptures any adsorbed or viscous 
laj-er on the surface of the fat globules enabling 
them to coalesce and form a more or less solid 
mass of butter fat into which have been emul- 
sified email divided droplets of hydrated colloid 
(buttermilk). Rogers and others (1 c.) suggest 
that the constancy of ratio of water to fat in 
butters churned under identical conditions 
indicates that there is a definite surface relation- 
ship between water droplets and fat globules. 

Composition of Buttes. _ 

Butter consists mainly of fatty glycendes 
derived from milk and usually spoken oi a 
“ butter fat ” or “ milk fat,” together wtn 
water, and small quantities of proteins, Jactos . 
and mineral matter, classed together as cura 
In addition, butter contains certain vita mu' 
natural colour, and some other snostan 
associated with the fat. Butter as sold nsu .* 
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contains added colouring matter, and salt butter 
contains added common salt. 

The following table summarises some of the 
numerous results giving the average percentage 
composition of butter according to various 
authorities (Elsdon, “ Edible Oils and Eats,” 
Benn, London, 1926, 433). 



Storch. 




From 

From 

Mitchell. 

Parry. 


fresh 

ripened 



■ 

cream. 

cream. 



Fat 

83-75 

82-97 

84-87 

86-8 

Water . 

13-03 

13-78 

12-14 

12-0 

Protein. . . 

0-64 

0-84 

0-75 

0-5 

Lactose 

0-35 

0-39 

— 

0-45 

Ash 

0-14 

0-16 

0-60 

0-25 

Salt . . . 

2-09 

1-86 

— 

— 

Lactic acid 



0-50 

' 


1. Water. — The quantity of water in butter 
depends upon various details within the control 
of the manufacturer, and it has therefore 
become necessary in this as in other countries to 
fix maximum limits for water. The basis for 
the limit adopted in this country was the 
inquiry made by the Departmental Committee 
on Butter Regulations (Report, 1903) which 
considered that it was not necessary for well- 
made butter, excluding Irish Salt Eirkin butter, 
to contain more than 16%. The usual range of 
water since the limit was fixed is from 12 to 
i5%. 

2. Butter fat. — This is the chief constituent 
of butter, being present in unsalted butter 
prepared for sale in this country to the extent 
of 83 to 85%. On gently heating butter, the 
fat melts and separates from the aqueous curdy 
matter. After allowing the water and curd to 
settle, the fatty layer is passed through a dry 
filter paper using a hot funnel, and the fat 
obtained as a clear oil, usually of a yellow colour, 
but sometimes almost colourless, setting to a 
granular crystalline mass. This fat consists of 
glycerides of fatty acids, together with the 
characteristic fat-soluble vitamins A and D, 
the natural or added colouring matter of the 


butter, and some unsaponifiable matter, e.g. 
cholesterol associated with the fat. 

Composition of the Fat — The glycerides of 
butter fat contain all the saturated fatty acids 
of even number of carbon atoms from C 4 to C 18 
(butyric, caproic, caprylic, capric, lauric, 
myristic, palmitic, stearic) as well as the 
unsaturated C 18 acid (oleic). In addition to 
these well-recognised constituents, other acids 
have been recorded as being present. Browne 
(J. Amer. Chem. Soc. 1899, 21, 613) recorded the 
presence of dihydroxystearic acid ; Hilditch 
and Jones (Analyst, 1929, 54, 73) conclude that 
butter fat contains small quantities of the C 20 
saturated acid (arachidic), as well as linoleie acid 
and possibly traces of linolenic acid; Ekstein 
(J. Biol. Chem. 1933, 103, 135) also finds 
linoleie and linolenic acids ; and Bosworth and 
Brown (ibid. 1933, 103, 115) have identified in 
butter fat the saturated acids (lignoceric, 
behenic) and unsaturated acids (decenoic, tetra- 
decenoic). Bosworth and Helz (J. Biol. Chem. 
1935, 112, 489) find monohydroxypalmitic 
acid, and (ibid. 1936, 116, 203) cerotic acid in 
butter fat. 

The proportions in which the acids exist as 
glycerides in the fat have frequently been the 
subject of inquiry. (For the earlier work on 
this part of the subject, see Hehner and Angell, 
“ Butter : its Analysis and Adulterations,” 
Churchill, 1877 ; Bell, “ Chemistry of Foods,” 
Chapman and Hall, 1883 ; and Browne, 
J. Amer. Chem. Soc. 1899, 21, 807). 

Crowther and Hynd (Biochem. J. 1917, 11, 
139), and Holland and others ( J. Agric. Res. 1916, 
101; ibid. 1918, 719; ibid. 1923, 365) effected 
separation of the fatty acids by esterification 
and fractional distillation. Hilditch and Jones 
(Analyst, 1929, 54, 75) removed the lower fatty 
acids and fractionated them by distillation as 
free acids, and separated the non-volatile acids into 
two groups, by means ofthe soluble and insoluble 
lead salts respectively. The acids recovered 
from these two groups were converted into 
methyl esters and fractionally separated. The 
results have been substantiated by Hilditch 
and Sleightholme (Biochem. J. 1930, 24, 1105) 
and by Dean and Hilditch (ibid. 1933, 27, 889). 

The results are given below, as weight per- 
centages on the separated fatty acids : 
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Examination into the manner in which the 
fatty acids are linked with glycerol w as carried 
out by Caldwell and Hurtley (J C.S. 1909, 69, 
853), who distilled «n vacuo both the glycerides 
and the acids. They conclude there 13 no tri- 
hutyrm and probably no triolein present. 
Amberger (Z. Nahr. Genussm. 1918, 35, 313) 
isolated 2 4% of triolein, but no tnbutynn. 
Hilditch and Jones (lc.) conclude from their 
study of the component glycerides that about 
30% of the glycerides contain fully saturated 
acids of the complex mixed type, the remainder 
consisting of mixed glycerides of saturated and 
unsaturated acids : there is probably little tri- 
olein. 

The results of Hilditch and Jones confirm the 
conclusions of Arup (Analyst, 1928, 53, 641), 
who separated butter fat into various fractions 
by appropriate crystallisation and determined 
the usual constants on the fractions. 

The composition of butter fat is affected by a 
number of factors, e g the food of the cow, 
particularly special foods ; the period of lacta 
tion, that is, the time elapsed since calving; 
conditions under which the cow has been kept, 
such as change from summer to winter housing, 
and the reverse ; the breed of cow ; the age of 
the cow. A great many observations have been 
made and the original publications should be 
consulted. 

Barthel and Zouden (Z Nahr. Genussm. 1914, 
27, 439) show the effect of feeding with coconut 
cake and beetroot leaves ; Cranfield and Taylor 
(Analyst, 1916, 40, 433) linseed cake and hemp- 
seed cake, and (ifiid. 1916, 41, 240) dried yeast 
and cotton meal; Cranfield (thirf. 1916, 41, 
336) ground nut cake and decorticated cotton 
cake ; Eccles and Palmer (Missouri Agric Exp. 
Sta. Res, Bull. 1016, 27) cotton seed products, 
Bengtsson (Z. Nahr. Genussm. 1922, 44, 326) 
babassu fodder ; Holland and others (J. Agric. 


Res. 1923, 24, 365) various fatty foods ; Channon, 
Drummond, and Golding (Analyst, 19’4, 49 
311) various oils; and Hilditch and Sleight! 
holme (Biochem. J. 1930, 24, 1098) the effect 
due to changes in seasonal and feeding conditions 
Brownlee (Proc. Roy. Soc. Dublin, 1925, 18, 49 ) 
has demonstrated the abnormal character of 
Irish winter butter, and Arup (Analyst/1925, 
54, G34) gives the results of the analysis of 
Irish creamery butter in the winters of 1927-8 
andl928-9. Hildit chandThompson(Biochem 
J. 1936, 30, 677) have investigated the effect 
of some ingested fatty oils upon the character 
of the butter glycerides ; and Hilditch (Analyst, 
1937, 62, 250) gives a review of the minor 
component acids in butter fat, and their possible 
significance. 

Butyric acid is the constituent of the fat by 
which the fluctuation may be most readily 
ascertained. In spring and summer the pro 
portion is highest, and ordinarily lowest in 
autumn and winter, due to changes in housing 
and food, and also to period of lactation. The 
accurate estimation of the absolute amount of 
butyric acid is a lengthy process and an empirical 
method has been generally adopted (act 
Examination of Butter fat). 

Butter fat has d”® 0 910-0 913 (Thorpe, 
J.C.S. 1904, 85, 249) ; the reading with the 
Zeiss butyro refractometer at 45° is usually 
between 38 and 42 , the Koettstorfer number, or 
saponification value, i e. the quantity of potash 
expressed in rag. required to saponify 1 g. of fat, 
is on the average between 220 and 2325. 
All these values bear a close relationship to one 
another, and to the Reichert number, as will 6 a 
seen by the following table (Thorpe, J.e.) which 
also gives the percentages of soluble and 
insoluble acids, and the mean molecular weight 
of the latter : 


No of 
samples 

Relchert- 

WoUny 

cumber 

Specific Rravity 
at 37 8” 

SaponlBca- 
tlon value 

Zeiss at 45 3 . 

Soluble 
acids, % oa 
fat 

Insoluble 
acids, % on 
fat. 

Mean mole- 
cular weight 
of Insoluble 

r 

WS 


21W 

sYlf 

4 S 

•Jiff 


17 

23 5 

0 9104 

221-3 

41 5 

4-5 

89-7 

265 5 

15 

24-5 

0 9108 

223 3 

41-5 

4 7 

89 4 

265 0 

27 

25 5 

0 9110 

223 4 

41-3 

4-8 

89 3 

264 2 

37 

26 5 

0 9113 

225 3 

41 0 

4-9 

88 9 

2619 

51 

27-5 

0 9114 

226 7 

40 6 

62 

88-7 

2617 

78 

2S5 

0 9118 

228 3 

40 1 

5-4 

88 4 

260 9 

50 

29 5 

0-9120 

229-9 

40-1 

56 

88 3 

259 6 

41 

30 5 

0 9123 

231-4 

39-9 

5-8 

87-9 

260 1 

18 

31-3 

0 9125 

232 2 

39 7 

6-7 

87 9 

2580 

10 

357 

32 6 


232 5 

39-4 

60 

87 7 

2578 


The iodine value indicates the proportion of 
unsaturated acids, essentially oleic and linoleic, 
in the fat, and is closely related to the con- 
sistency of the butter. Like the values given 
in the above table, it is subject to seasonal 
variations. Kilde and Winther (Milch Forsch. 
1930, 10, Heft 3, 228) found the values to vary' 
from 29 9 for Danish winter butter to 41-4 for 


summer butter; and Haglund, Wode and 
Olsson (Bull. 387 (1030) Centralanstalten) 
similarly found 31 to 40 for Swedish butter 
Arup (Analyst, 1932, 57, 610) found rather 
variation in Irish butter. Here again, the 
lactation period and winter feeding affect the 
results. It is of advantage to maintain a high 
iodine value, and thus reduce the firmness ol 
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butter in the winter months, by feeding with 
suitable oilcakes. This matter received the 
special attention of the International Dairy 
Congress in Copenhagen in 1931. 

Arup (l.c.) has used the thiocyanogen process 
described by Kaufmann (Analyst, 1926, 51, 
157) for determining the linoleic content of 
butter fat, and it would appear from his results 
that the linoleic value does not undergo the same 
variation as the oleic. 

Dean and Hilditch (Biochem. J. 1933, 27, 
889) find that there is an abrupt increase in the 
proportion of unsaturated acids as indicated by 
the iodine value on putting cows to grass in the 
spring. The iodine value appears also to increase 
with the age of the cow. 

The unsaponifiable matter of the fat has been 
determined by Boemer (Z. Nahr. Genussm. 1898, 
2, 81) and Kirsten (ibid. 1902, 5, 833) who 
found from 0-31 to 0-43%. It contains chole- 
sterol, as distinct from phytosterol, which is 
present in many vegetable oils. 

3. Curd . — The total amount of curd in well- 
made butter is about 1%. The Government 
Laboratory (J. Board of Agric. 1912, 19, 750) 
found in imported butter 0-4 to 1-86%, average 
1-04%. In 366 samples only 11 contained more 
than 1-5%. Butter from factories in Great 
Britain ranged from 0-34 to 1-80%. 

The curd consists mainly of casein. Rich- 
mond (Analyst, 1906, 31, 178) found 0-38% 
average, and 0-5% maximum. Van Slyke and 
Hart (Amer. Chem. J. 1905, 33, 461) state 
that when cream contains more than 0-5% 
of lactic acid — a quantity exceptionally high 
for churning — the casein is present as casein 
lactate, but in butter made from sweet cream, as 
calcium casein. 

The amount of lactose in the curd is very small, 
usually less than 0-2%, since lactose is soluble 
in water and is largely removed by efficient, 
washing. 

The mineral matter, exclusive of added salt, is 
derived from tho buttermilk enclosed in the 
butter mass, and from any salts of casein adher- 
ing to the fat, together with traces from any 
hard water used for washing the butter. The 
total amount is usually below 0-1%. 

4. Colour. — The natural colour of butter is 
due to carotene, xanthophyll, and probably some 
other c&rotenoid bodies. These pigments are 
synthesised by plants but not by higher animals. 
Heneo the colour of butter arises from the food 
of the cow. Other mammalian milk fat is 
mainly colourless. 

Carotene is capable of conversion into vitamin 
A, and henco the natural colour of butter may 
afford a guide, although not complete, to the 
vitamin A content of butter. 

Butter is usually artificially coloured in order 
to produce regularly an article of the same 
standard tint. Various coal tar and vegetable 
colours are used for this purpose, but by the 
Public Health Regulations (l.c.) certain colours 
aro not allowed to be used. 

5. Aroma and Flavour. — The characteristic 
odour of butter was at one time considered to be 
due to small amounts of free fatty acids and to 
traces of glycerides of fatty acids lower than 
butyric. Recent work, however, shows that the 


odour is connected with the presence of di- 
acetyl. Niel, Kluyver and Derx (Bioehem. Z. 
1929, 210, 234) and Schmalfuss and Barthmeyer 
(ibid. 1929, 216, 330) found diacetyl; Davies 
(Food Manuf. 1933, 8, 346) and Barnicoat 
(Analyst, 1935, 60, 653) give methods for its 
detection and determination. 

Davies (l.c.) suggests that acetyl methyl 
carbinol, a metabolic product of many types of 
micro-organisms, arises in the ripening of 
cream, and that this is oxidised by air and 
free oleic acid during churning and the early 
stages of storage, to diacetyl. In some cases, 
however, the oxidation may proceed too far, 
and may be connected with the causes which 
lead to butter from ripened cream having inferior 
keeping qualities compared with butter from 
sweet cream. 

Synthetic diacetyl is a greenish-yellow liquid 
with the characteristic butter odour, and 
incorporated into flavourless butter in very 
minute proportions is capable of imparting 
butter flavour and odour. 

The Chief Medical Officer of the Ministry of 
Health (Annual Report, 1932) states that the 
best dairy butter may contain about 0-0005% 
of diacetyl, to which the aroma is due, and 
that a solution of synthetic diacetyl is used to 
impart aroma to butter deficient in this quality. 
He also points out that since diacetyl has 
definite oxidising action on fats, it may have 
destructive action on vitamin A. 

Wildman (J. Assoc. Off. Agric. Ghem. 1937, 
20, 93) describes a method for the determination 
of mould in butter. 

Vitamins in Butter. 

Butter fat is a valuable source of vitamins 
A and D ; and the literature on investiga- 
tions into the causes which influence their con- 
tent and variation in butter is extensive and 
constantly increasing. The total vitamin A 
value of a butter is derived from vitamin A 
already existing in the butter and carotene 
which is converted in the body into vitamin A ; 
but there is no constant relation between the two 
sources, and owing to the general use of artificial 
colouring any guide that the natural colour might 
afford as to the amount of vitamin A is lost. 

Both vitamin A and carotene readily undergo 
changes on oxidation, so that the physiological 
value of butter may be seriously impaired if the 
cream, before churning, or the butter is subjected 
to any treatment involving action of air or other 
substance conducive to oxidising action, such 
as removing bad odour or rancidity by blowing 
air through cream or melted butter fat as in 
butter renovation (see Drummond and others, 
Bioehem. J. 1921, 15, 540). 

The vitamin A content is influenced by climatic 
and housing conditions, and especially by 
feeding. Booth and others (Biochem. J. 1933, 
27, 1189) state that the total vitamin A activity 
of summer butter from Shorthorn cows appears 
to be three times greater than that of winter 
butter, and that the fraction of total activity 
due to carotene is greater in summer. Gillam 
and others (Biochem. J. 1933, 27, 878) show 
that butter from cows fed on normal winter 
rations — hay and concentrates — falls in colour 
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and vitamin A values and remains at a low 
level till co vs go to pasturage, when there is a 
rapid rise. If, however, the cows are fed on 
artificially dried grass, the colour and vitamin A 
contents increase rapidly, more espcciaDy when 
the grass during growth has been treated with 
nitrogen fertiliser. They found ordinary grass 
silage to be little superior to hay. 

Watson and others (Biochcm. J. 1934, 28, 
1076) found a large increase in both values on 
adding to dried grass a special fodder prepared 
on the ensilage plan by treating grass with 
dilute mineral acid, and storing without access 
of air. 

Booth, Kon and Gillam (Biochem. J. 1934, 
28, 2169) found that there was no difference m 
vitamin A activity of the butters obtained from 
the two breeds of cows. Shorthorn and Guernsey, 
kept through three seasons under similar 
conditions. The relative contributions of caro- 
tene and pre-formed vitamin A varied con- 
siderably, although the total of the two might be 
the same. They also compare the growth- 
producing activity of vitamin A with that of 
carotene. Baumann and others (J Biol. Chem 

1934, 105, 167) also record the effects of breed 
and diet on vitamin A and carotene content of 
butter. Coward and Morgan (Brit. Med. J 

1935, 1041) give the values in international 
units for vitamins A and D in butter; and 
Morgan and Pritchard (Analyst, 1937, 62, 354) 
record the average vitamins A and D potency of 
butter- Gillam and others (Biochem J. 1936,30, 
1728) give a senes of results of the determination 
of vitamin A and carotene contents of butter fat 
from cows of vanous breeds covering summer 
and winter periods with regard to diet and 6tage 
of lactation. 

The influence of maize, cottonseed meal, 
pasturage and silage in varying conditions of 
feeding has also been recorded by Fraps and 
Trei cider (Ind. Eng. Chem. 1933, 24, 1079) 
Baumann and Stcenbock (J. Biol Chem. 1933, 
101, 547) state that there is no loss of either 
vitamin A or carotene from storago of butter 
for six months at 0°. 

Butter fat also contains the anti rachitic 
n’AvmmTijWhirJi.’a.fpxmnjifr/im.v.'gviA'snl.'cAR.’j. 
foodstuffs containing it are exposed to sunbght. 
Drummond (Roy. Soc. Arts, Cantor Lectures, 
1932, 19) states that pasture, eaten while fresh 
from exposure to the sun’s rays, may supply 
vitamin D, and “ to some extent this explains 
the rise in the calcifying value of milk which 
occurs when cows are out on pasture in summer.” 
Gillam and others (I.c.) record the presence of 
ergosterol in the unsaponifiable matter of grass. 
Kon and Booth (Biochem. J. 1933, 27, 1302) 
suggest that there is a chemical difference 
between the anti-rachitic factor of butter and 
those of cod liver oil and irradiated ergosterol. 

Butter fat also contains a small quantity of 
vitamin E (Drummond, l e.). 

Analysis of Buxteb. 

The analysis of butter comprises: (1) the 
determination of the amounts of water, fat, 
curd and salt ; (2) the examination of the fat 
to ascertain whether it is milk-fat only; and 
(3) special tests for the presence of preserva- 


tives, prohibited colouring matters and other 
substances foreign to butter. 

The ordinary examination does not at present 
include a determination of vitamin activity. 
For this, if required, references are given below! 

Preparation of Sample . — A quantity of not 
less than 60 g. is placed in a bottle with wido 
mouth, and the bottle is closed securely with 
screw cap or glass stopper. It is then heated at a 
temperature of about 50® until the hatter fat 
has melted, when it is vigorously shaken to 
emulsify thoroughly the fat and water. The 
shaking is continued during cooling, until the 
butter has practically 6et. 

Water . — From 5 to 0 g. of the prepared sample 
are weighed into a flat-bottomed dish containing 
a glass rod with flattened end. The dish u 
heated on a steam-bath for an hour with 
frequent stirring of the butter, after which it u 
cooled and weighed. The heating is repeated 
until the weight is constant. The operation 
may be greatly accelerated where many testa 
have to be made by using aluminium dishes 
heated on an aluminium plate adjusted to a 
temperature of 100° to 105°. 

Fat . — The water-free residue in tho dish is 
then extracted repeatedly with ether, the 
ethereal solution filtered through a dried and 
weighed filter paper, and both dish and paper 
washed with ether until free from fat. The 
residue on tho paper and in the dish is the 
curd and salt in the quantity of butter taken. 

The weight of fat may be found by difference, 
or it may be ascertained directly. In this case, 
tho ethereal solution is filtered into a small flask, 
the ether distilled off, and the residue in the flask 
dried to constant weight. 

Curd and Salt . — In the case of butter five 
from salt, the curd is the residue not solable in 
etber contained on the paper and in the dish 
after the foregoing operation. It may also 
contain all or some portion of the preservative 
if such is found to be present. 

In the case of salt butter, the dish and paper 
after w cighing are extracted w ith hot water, and 
the solution titrated with standard silver nitrate 
solution to obtain the weight of common salt. 

hi . Kin i/t m«w> if. hiigh, t: vri, : K "narj •utuft-CfAsarj 
to ascertain by direct estimation of the proteins 
and lactose whether milk products, sach as 
dried skim milk,' have been added. For this 
purpose a larger quantity of butter, about 60 g , 
should bo taken, dried, and extracted With 
ether ; and the residue used for the determina- 
tion either of protein by the Kjeldahl process 
or of lactose by Fehling's solution. If both 
determinations are to be made, the residue u 
washed into a beaker with water, acidified with 
acetic acid, and the protein precipitated by 
careful addition of Fehling’s copper sulphate 
solution. This precipitate is filtered on • 
weighed paper, dried, and weighed and ashed 
Its weight after deducting the ash=the protein- 
The filtrate is made up to 100 ml , and an aliquot 
portion taken for lactose determination. 

Examination of Butter fat . — The emulsified 
butter remaining in the bottle after removal o| 
the quantity for determination of water and 
curd, is again melted, the water allowed to 
settle, and the clear fat poured through a dry 
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paper, to obtain fat for examination as to 
purity. 

The distinctive feature of the glycerides of 
butter fat is the presence of a considerable 
proportion of butyric acid, which is volatile and 
soluble in water. In this respect butter fat 
differs from most other known edible oils and 
fats. It also contains a small quantity of the 
next higher homologues of butyric acid : these 
also are volatile but much less soluble in water. 
A few vegetable oils such as coconut and palm 
kernel also contain some of these volatile, in- 
soluble acids, but the main body of edible oils 
and fats, both animal and vegetable, and 
hydrogenated fats, capable of use as adulterants 
of butter, such as refined lard, beef fat, hardened 
oils, have practically no volatile acids. Hence 
the addition to butter fat of this latter class of 
fats simply reduces the proportion of volatile 
acids in the mixture, but the addition of the 
coconut and palm kernel class, while reducing 
the volatile soluble acids, increases the volatile 
insoluble acids. 

The method employed for determining the 
proportion of volatile soluble acids was first 
suggested by Reichert (Z. anal. Chem. 1879, 
18, 68), modified by Meissl (J.C.S. 1880, A, 828), 
and by Wollny (ibid. 1888, A, 200) ; and is now 
variously known as the Reichert-Meissl or 
Reichert-Wollny process. It was adopted by a 
Committee, consisting of the Government 
Chemist and the Society of Public Analysts, for 
ascertaining the amount of butter fat in 
margarine (Analyst, 1900, 25, 39), and is now 
used with some modifications for the examination 
of butter fat for purity. To it has been added 
the Polenske process (Z. Nahr. Genussm. 1904, 
26, 273) by which a value of the insoluble 
volatile acids is obtained. 

In an inquiry carried out by the Committee 
on Butter Regulations it was shown that the 
figure for normal butter by this empirical 
method fell between 24 and 32, and the Com- 
mittee recommended a presumptive minimum 
standard of 24 (Report, Cd. 1749, 18). This 
figure has, however, not been adopted by 
regulation. While a low Reichert number may 
be obtained from genuine butter in certain 
circumstances, a similar result may also be 
obtained from a mixture of butter, with a 
naturally high number, and other fat free from 
butyric acid. To meet this natural variation 
in genuine butter, and to prove in suspected 
cases that the butter though having a low 
Reichert number is genuine, the Netherlands 
Government has instituted a system of butter 
control, under which the associated creameries 
are under inspection, and the Reichert numbers 
of the butter produced therein regularly 
ascertained. Consignments from the creameries 
bear distinctive labels, so that the Reichert 
number of a sample taken in commerce can be 
compared with those of the butter produced in 
the factory of origin. 

It is essential in using the method that the 
exact conditions should be carried out in every 
detail ; otherwise the results obtained by various 
workers are not comparable. Revis and Bolton 
(Analyst, 1911, 36, 335) give the method as 
follows : 


5 g. of fat and 20 g. of glycerol are Weighed 
into a 300 ml. flask, and 2 ml. of 50% NaOH 
solution added. The flask is heated over a 
flame with constant shaking until the contents 
clear suddenly; the soap is then cooled, 100 ml. 
of recently boiled-out water added, and the 
soap dissolved; OT g. of powdered pumice 
sieved through butter muslin is added, and then 
40 ml. of sulphuric acid solution (20 to 25 ml. 
of strong H 2 S0 4 diluted to 1,000 ml. and the 
solution adjusted so that 35 ml. neutralise 
2 ml. of NaOH solution). The flask is at 
once connected with the condenser and heated 
with a small flame until the insoluble acids are 
completely melted ; the flame is then increased 
and 110 ml. distilled in 19 to 21 minutes. 
The temperature of the condenser water should 
be from 18° to 20°C. and the dimensions of 
the apparatus are to be the same as given by 
Polenske. When 110 ml. have distilled, the 
flame is removed, and a 25 ml. cylinder is placed 
under the condenser to catch any drops. The 
110 ml. flask and contents are stood in water 
at 10° to 15°C. for 15 minutes. After mixing, 
the contents of the 110 ml. flask are 

N 

filtered and 100 ml. titrated with baryta, 

using 0-5 ml. of a 1% solution of phenolphthalein 
as indicator. The number of ml. required for 
neutralisation increased by one-tenth after 
subtraction of the blank (which must be deter- 
mined in an exactly similar way, by using alt 
the reagents except the fat) is the Reichert- 
Meissl value. The condenser, cylinder, and 
110 ml. receiver are washed with 18 ml. of 
cold water, which are then poured onto the filter 
already UBed and the filtrate rejected. The 
condenser is then washed out with four successive 
portions of 10 ml. of neutral alcohol, which are 
received in the cylinder and poured over 
the filter into the 110 ml. flask, the mixed 

alcohol solutions being then titrated with — 

baryta, using phenolphthalein as indicator. A 
blank value is obtained in a similar way. The 

number of ml. of baryta used, less the 

number used for the blank, is the Polenske 
value. 

Revis and Bolton (l.c.) put forward the 
following table as a guide to the relationship 
between the Reichert-Meissl and Polenske values 
in genuine butter. 

Belchert-Meissl values. Polenske values. 


32 

3-5 

31 

3-2 

30 

3-0 

29 

2-9 

28 

2-7 

27 

2-4 

26 

2-0 

25 

1-8 

24 

1-7 

23 

1-6 


It must, however, be understood that many 
other results have been obtained by various 
observers, and should be examined before con- 
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derailing a butter which does not conform to 
these bunts. 

Richmond and Hall { J S C.I. 1920, 39, 80T) 
point out that the time of distillation should be 
stnctly adhered to, and Bolton, Richmond and 
Revis {Analyst, 1912, 37, 185) draw attention 
to the position of the hole in the still head. 
The size and quantity of the pumice is also 
important. Kirkham has studied the effect of 
atmospheric pressuredunng distillation (Analyst, 
1920, 45, 293). Cocks and Nightingale (ibid 
1928, 53, 322) show the need of precautions to be 
taken to prevent sulphuric acid entering the 
distillate. 

Another useful value which may be obtained 
in connection with the above is that due to 
Kirschner (Z. Nahr. Genussm. 1905, 10, 265). 
This is based on the solubihty of silver butyrate, 
the silver salts of the higher homologues being 
practically insoluble. Revis and Bolton (I,e.) 
proceed as follows : 

To the 100 ml. of the 100 ml. distilled and 
titrated with baryta (care having been taken 
not to exceed the neutral point) is added 0 5 g. 
of finely powdered silver sulphate, and the whole 
allowed to stand for an hour with occasional 
shaking. The liquid is then filtered, 100 ml. 
measured off, 35 ml. of water, and 10 ml. of 
sulphuric acid (as previously employed) added, 
together with a long piece of aluminium wire, 
and 110 ml. again distilled off m the standard 
Reichert-Polenske apparatus in 20 minutes; 
100 ml. are titrated, and the number of ml. so 
obtained, corrected for the blank, is calculated 
to the Kirschner value by the following formula : 

_ 121X(100+Y) 

• X 10,000 

where X=the corrected Kirschner titration; 

Y«=the number of ml of baryta used to 
neutralise 100 xnL of the R. M. 
distillate. 

Since the Kirschner value is practically that of 
butyric acid, after removal from the Reichert- 
Metsal value of the influence of partly soluble 
higher homologues, it is lower compared with the 
corresponding Polenske value than the original 
Reichert-Meissl value. Thus butters with a 
range of 1-6 to 3 2 Polenske values would have 
Kirschner values of 20 to 26, and Reichert- 
Meissl values of 23 to 32. Cranfield (Analyst, 
1915, 40, 440) gives the Reichert, Kirschner and 
Polenske values for a number of individual but 
ters. A number of determinations have been 
made of the effect upon the Reichert, Kirschner 
and Polenske numbers hy admixture of butter 
with various proportions of coconut oil and 
palm kernel oil (see Elsdon and Smith, Analyst, 
1925, 50, 53; i bid. 1920, 51, 73; Revis and 
Bolton, l.c. ; Bolton, Richmond and Revis, 
Analyst, 1912, 37, 183). 

Other analytical methods used in the examina- 
tion «f butter fat are those of Shrewsbury and 
Knapp (Analyst, 1910, 35, 385); Caldwell and 
Hartley (ibid. 1909. 34, 274) ; Fendler (Z. Nahr. 
Genussm. 1910, 19, 544); and Ate Lallemant 
(ibid. J907, 14, 317). This last method, which 
depends upon the respective solubilities of the 
barium salts of the fatty acids, has received 
some attention, particularly in the examination 


of ghee (see Bolton and Revis — Allen’s “ Com 
mereial Organic Analysis,” 5th ed , 1924 \oL 
II, p. 381). 

Bbchfeldt (J.S.C.I. 1919, 38, 150T) has intro 
duced a modified Kirschner process, and this 
again has been modified by Gilmour (Analirt. 
1920, .45, 2). } 

The foregoing tests are based upon the disturb- 
ance by adulterants of the ratio existing m 
normal butter between soluble and insoluble 
acids, and volatile and non-volatile acids If this 
ratio is abnormal, other values are also affected, 
for example, the saponification and iodine values, 
the Zeiss number, and the specific gravity 
These regular constants must, therefore, be deter 
mined by the usual methods of fat analysis and 
the results carefully studied. The question of the 
influence of feeding, housing, climatic conditions, 
period of lactation, must also be considered. 

Additional physical methods which may be of 
value are the Valenta test and the Cnsmer 
test . 

Valenta Test . — 3 c.c. of fat are dissolved by 
warming in an equal volume of glacial acetic acid, 
and then allowed to cool while being stirred with 
a thermometer. Immediately a turbidity is 
noticed, the temperature is read. A modifies 
tion introduced by Jean is to measure the 
volume of acid dissolved in the fat at SO*. 
(For recent investigation of factors affecting the 
Valenta test, see Fryer and Weston, Analyst, 
1918, 43, 3.) 

Cnsmer Test . — 0 5 c.c., of melted fat and 1 c.c 
of absolute alcohol are placed in a tube fitted 
with cork and thermometer, the bulb of which 


dips into the liquid. The tube is gently heated 
inside a larger tube until the liquid becomes 
homogeneous. It fa then allowed to cool, and 


This point is the critical temperature of d» 
solution (Cnsmer, Analyst, 1897, 22, 71) 
Vandam has shown how the alcohol used in the 
test may be standardised by means of petroleum 
spirit (Ann. Falsif. 1919, 260). 

In some cases it may be possible to obtain 
direct evidence of the presence of fat foreign to 
butter by the application of specific tests If, 
however, the test is negative, it may not be 
conclusive evidence of the absence of a particular 
oil or class of oils. Certain specific tests depend 
upon the presence in the oil of a body associated 
naturally with it, but which may have been 
removed by the purification necessary to make 
the oil suitable for a dmix ture with butter 
In the case of a positive result, confirmation 
must be obtained from other tests, such as the 
chemical and physical constants, since particular 
feeding may have caused the reacting substance 
to pass into the milk. . 

1. The Phytosterol Test for the Presence o] 
Vegetable Oil . — The original test of Bonier 
(Z. Nahr. Genussm. 1901, 4, 1070) has been 
much improved by the use of digitonin ns pre- 
cipitating agent (see Steuart, Analyst, 1923, 43, 
155, and More, tbid. 1929, 54, 735). More* 
method is as follows : , 

Saponify, using reflux condenser, 15 g- 0 
filtered fat with 9 5 ml. of KOH solution 
(1,000 g. of KOH in 1,400 ml. of water) aoa 
20 ml. of alcohol (9G%) in a 300 ml. conic** 
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flask. Shake while warm until the fat is 
dissolved, and heat further for half an hour. 
Cool, add 60 ml. of water and 180 ml. of alcohol 
(96%), mix, and add 10 to 20 ml. of digitonin 
solution (1% of Merck’s digitonin in 96% 
alcohol). Allow the mixture to stand for 24 
hours in a cool place and filter on Buchner 
funnel with a closely fitting paper. Wash with 
a small amount of alcohol to remove soap. 
The digitonin-sterol compound flakes off on 
drying. Weigh the steride and acetylate it with 
ten times its weight of acetic anhydride. 

The mixed acetates obtained as above, or by 
Boiner’s original process, are dissolved in 
alcohol, the solution evaporated carefully, the 
acetates crystallised, and the m.p. of the 
separated crystals taken. The crystallisation is 
repeated several times, and the "m.p. taken each 
time. 

The test depends upon the difference in m.p. 
of the cholesteryl acetate obtained from butter 
and other animal fats, and the phytosteryl and 
allied steryl acetates from vegetable oils. The 
former melts at 113-5° to 114-5°; the latter 
melt at some point above 125°. If the butter is 
pure the m.p. should not exceed 115°; slight 
increases above 115° may arise from feeding on 
coconut cake, but if the m.p. is above 116°, 
added vegetable fat is indicated, and should be 
reflected in the numbers for the analytical con- 
stants. 

2. H info's Test for Coconut Fat (Analyst, 
1907, 32, 160). — 5 ml. of butter fat are dissolved 
in 10 ml. of ether in a tube, and the tube packed 
in ice for half an hour. The solution is then 
rapidly filtered, the ether evaporated from the 
filtrate and the residual fat dissolved in 96% 
alcohol. The solution is gradually cooled, 
and then maintained at 5° for 15 minutes, when 
it is rapidly filtered, and the filtrate cooled to 0°. 
The deposit separating at this temperature is 
examined on a cold microscopic slide under a 
power of from 250 to 300. Butter fat yields a 
deposit of round granular masses ; coconut fat, 
fine needle-shaped crystals, and mixtures of 
butter and coconut fat, fine feathery crystals 
attached to the granular butter masses. The test 
is capable of detecting 5% of coconut fat in 
butter, but the presence of other fat — notably 
lard — interferes somewhat with the test. 

3. Badouin Test for Sesame Oil. — 5 ml. of 
butter fat are mixed in a tube with 5 ml. of HCI 
(sp.gr. 1-19) and 0-1 ml. of a 2% furfural solution. 
The mixture is well-shaken and allowed to stand. 
In presence of sesame oil the aqueous layer 
which separates is of a reddish colour. Butter 
coloured with certain aniline dyes gives a pink 
to violet coloration with hydrochloric acid, 
and in such a case the acid and fat mixture must 
be heated until colourless before addition of 
furfural. 

4. Halphen Test for Cotton-seed Oil. — 5 ml. of 
butter fat are dissolved in 5 ml. of amyl alcohol, 
1 ml. of a solution of sulphur in carbon disulphide 
is added, and the mixture heated for 20 minutes 
at 105° in a brine bath. A red coloration is 
produced in presence of cotton-seed oil. 

The substances giving rise to the reactions in 
both Badouin and Halphen tests are affected 
by processes of oil purification or by hydrogena- 


tion. Furthermore, a positive reaction may arise 
from feeding with cake containing sesame or 
cotton-seed oil. 

Colouring Hatters. — It is unlikely that metallic 
colouring bodies will be present. If suspected 
the usual tests for metals must be applied. 

The prohibited organic colours are gamboge, 
and the five coal tar dyes already cited (p. 159). 
Nicholls (Analyst, 1927, 52, 585, and ibid. 1929, 
54, 335) points out that all these colours are of an 
acidic character, and may be removed from 
methylated ether solution, or in the case of 
aurantia from a mixed light petroleum and 
methylated ether solution, by means of alkali. 
For this purpose make an ammoniacal extract 
by shaking an ethereal solution of the fat with 
water and dilute ammonia. To the ammoniacal 
extract add one drop of methyl orange, neutralise 
with acid, then make acid to about A/ 100 to 
A/50. Extract the acid solution with methy- 
lated ether, transferring the ether to a separating 
funnel. Extract this with successive quantities 
of 5 to 10 ml. of approximately A/100 sodium 
hydroxide. Then add an equal quantity of 
light petroleum to the methylated ether and 
again extract with dilute caustic soda. 

If there is no colour in the alkaline extract, 
all the prohibited dyes are absent. In presence of 
a colour the scheme of Nicholls (l.c.) should be 
followed. 

If it is desired to ascertain what vegetable or 
other organic dye has been employed for 
colouring butter, the scheme given by Bolton and 
Revis (Allen’s “Commercial Organic Analysis,” 
5th ed., vol. II, 1924, 405) may be followed. 

Examination for Preservatives. — The use 
of preservatives, other than common salt, in 
butter is prohibited in this country. The tests 
given below relate to preservatives formerly 
employed, but there is also a possibility of the use 
of other substances not in the list. 

1. Place 5 or 10 g. of butter in a separating 
funnel, add sufficient chloroform to take the fat 
into solution, and then 25 ml. of water rendered 
slightly alkaline with A T /10 soda, and shake 
gently. Allow to settle. The aqueous extract 
may be used for the following qualitative 
tests : 

(a) Boric Acid. — Run 1 ml. of the extract into 
a porcelain dish, add a drop of hydrochloric acid, 
and 10 drops of turmeric solution. Evaporate 
to dryness. In the presence of 0-02% of 
boric acid a purple-red colour develops, changed 
to indigo by a drop of strong ammonia. For 
quantitative determination of boric acid, see 
Bolton and Revis (Allen’s “ Commercial Organic 
Analysis,” 5th ed., vol. II, p. 409). 

(b) f}-Naphthol. — To a little of the extract 
add an emulsion of diazotised naphthionic acid, 
/3-naphthol gives immediately a crimson colour. 

(c) Cinnamic Acid. — Oxidise a few ml. of the 
extract with chromic acid. On cooling there is 
an odour of benzaldehyde if cinnamic acid were 
present. 

(d) Fluoride. — Evaporate 10 ml. of the extract 
in a platinum crucible, incinerate the residue, and 
heat with strong sulphuric acid, covering the 
crucible with a watch-glass coated with wax 
through which a design has been scratched. In 
presence of fluoride the glass will be etched. 
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2. Benzoic and Salicylic Acids. —Flsx 10 g. 
of butter with alcohol acidified with sulphuric 
acid, and heat at b p. for half an hour. Cool 
and transfer the alcoholic solution to a separator. 
Dilute with water and extract with ether. Then 
extract the ethereal solution with dilute 
ammonia. 

(а) Render just acid a few ml. of the extract 
and add a drop of feme chloride solution. A 
violet coloration indicates salicylic acid. 

(б) Evaporate a portion of the extract to 
dryness in a porcelain dish, just acidify with 
acetic acid, and add a drop of feme chloride 
solution. Benzoic acid gives a buff coloured 
precipitate. Tor the estimation of benzoic 
and salicylic acid, see Nicholls, Analyst, 1928, 
53, 19 Ilhng(i6«rf 1932, 57, 224) gives Wohler's 
test for benzoic acid, as applied both quahta- 
tn ely and quantitatively. 

The determination of benzoic acid in foods is 
dealt with by Momer-Williams (Min. of Health 
Report No 39) 

Determination of Vitamins . — Tho recorded 
results have been mainly obtained by biological 
experiments. Wolves and Willimott (Biochem. 
J 1927, 21, 419) and Drummond and Hilditch 
(Empire Marketing Board, Report 35, 1930) 
put forward a chemical- colon metric test for 
vitamin A, but this can only be applied with 
colourless butter, since carotenoids give the same 
reaction Heilbron and Morton (Biochem. J. 
1930, 24, 870) suggest a spectrographic method 
for both vitamin A and carotene. 

Ferguson and Bishop (Analyst, 1936, 61, 517) 
describe a method for estimation of carotene in 
butter. 

The vitamin D content of a substance is 
estimated by comparison with that of ft par 
ticular preparation of irradiated engosterol, 
issued by the National Institute for Medical 
Rc=eareh, as a standard of reference. 

General.— Stokoe (JS.CI. 1921, 40, 75T) 
has investigated the production of rancidity in 
butter. Browne (Ind. Eng. Chem. 1925, 17, 44) 
gives results of examination of butters kept 
for lengthy periods ; Elsdon, Taylor, and 
Smith (Analyst, 1931, 56, 515) and Arup (ibid. 
1929, 54, Tub) give the Reichert, Kirschner and 
Polenslce values of rancid butters. Rogers 
and associates (“ Fundamentals of Dairy 
Science,” Reinhold Publishing Corpn. 1935) 
point out thB influence of small quantities of 
metals, and the lipolytic action of carelessly 
made starters. 

Minster (Analyst, 1932, 57, 015) has investi- 
gated the keeping qualities of unsalted butter. 

Kreis’ reaction as carried out by Kerr (Ind. 
Eng. Chem. 1918, 10, 471) is a chemical means 
for comparing rancidities. Waters and Ztim 
(Z. Unters. Lebensm. 1935, 70, 353; 1936, 
72, 140) use the peroxidase reaction as a means 
of testing whether butter has been made from 
pasteurised or unpasteurised cream. 

The National Physical Laboratory (Report, 
1931) has investigated the effects produced by 
working butter, and by prolonged storage, at 
temperatures below and near freezing-point, 
and also the relative spreadability of butter. 
Arup (Analyst, 1932, 57, 300) gives results of 
examination of samples of bog butter fat) 


recently discovered, and information relating to 
the practice of preserving or storing butter by 
burying it. 

Butter Fat from Milk or Other Mammals. 

(а) From Prepared Butter. — The butters pte 
pared from the milk of goats and sheep by the 
ordinary churning process has been examined 
and the results given by Knowles and Urquhart 
(Analyst, 1924, 49, 509) and Btathoponlo 
(J. Pharm. Chim. 1933, 125, 287). The latter 
states that the butters were very rich in vitamin 
A. 

(б) From Qhee( Indian) or Samna (Egyptian) — 
The method of preparation of these fats may 
affect their composition especially as regards tho 
proportion of Volatile acids. The milk is churned 
by shaking in skins (Egypt) or beating with 
split bamboos (India). In Egypt the separated 
butter fat or “ zibda ” is collected from tho 
small producers in the villages by the samna 
makers, and heated in large pans to get the elm, 
melted fat winch is marketed ns “samna” 
In India the butter fat, collected from the 
churning, is heated at once, when a clear, melted 
fat m sweet condition is obtained, or, as u 
frequently tho case, it is allowed to stand until 
somewhat rancid before being heated. 

Bhattacharya and Hilditch (Analyst, 1931, 56, 
161) have investigated the composition of the 
glycerides of buffalo ghee and cow ghee. Other 
results of gheo and samna of various origin- 
buffalo, sheep, goat — are recorded by Atkinson 
(Analyst, 1928, 53, 520), Tnmen (ibid. 1913, 38, 
242), Ghose (tbid. 1920, 45, 444), and Bolton and 
Revis (Allen’s “ Commercial Organic Analysis,” 
5th ed., 1924, vol. II, 431). G. S. 

BUTTER, MINERAL. A term formerly 
applied to several of the metallic chlorides, eg 
chlorides of antimony, tin, bismuth, zinc, etc. 

BUTTER NUTS v. Butter, Vegetable. 

BUTTER, VEGETABLE. A term applied 
to any greasy fat of vegetable origin wmch 
possesses a consistency resembling that of 
butter or lard. “ Shea butter ” (from Bulyro- 
spermum Parku), “lllipe butter” (from Bassia 
tongifolia L , cf. Bassia Fats), “nutmeg butter 
(from nutmegs) may he cited among Vm> 
industrial fats, whilst the edible vegetable butters 
(frequently termed “ nut butters ”) include 
shea butter, cacao butter, refined coconut and 
palm kernel oils, etc. The “ butter- or tallow- 
tree” of Sierra Leone is Pentadesma butyrates 
Sabine, from the seeds of which “ kanya butter 
is obtained. Bassia bulyracea Roxb. is occa 
sionally known as the “ Indian butter tree (*« 
Pkulicara Butter. BassiA Fats). Seeds im- 
ported into Europe from Brazil tinder the name 
of “ butter nuts ” are derived from Caryocar 
tomenlosum Wdld. (C. butyrosum Willd.) and 
are the source of the fat known as “ souan- or 
“ sawarri fat.” "■ t 1 

BUTTGENBACHITE. A rare nitrate 
mineral, 

2CuCI,*Cu (NO,),* 1 6Cu (O H )* 4H * 0 » 

forming a felt of sky blue hexagonal needles 
resembling connellite, 

2CuCI 2 CuS0 1 -19Cu(OH),, 
with which it is isomorpbous. It occurs wit 



BUTYL. 


169 


copper ores in Katanga, Belgian Congo (A. 
Schoep, Compt. rend. 1925, 181, 421 ; H. Butt- 
genbach, Ann. Soc. Geo], Belg. 1926, 50, Bull. 
35). L. J. S. 

BUTTON LAC. Shellac melted under boil- 
ing water and solidified in round flat pieces. 

-BUTYL, C 4 H 0 . — There are four isomeric 
univalent radicals of this name and formula, 
as shown in the following mono-derivatives : 

(1) CH 3 -CH 2 -CH 2 -CH 2 X, normal, (n-). 

(2) CH 3 -CH 2 -CHX-CH 3 , secondary, (sec-). 

(3) (CH 3 ) 2 CH-CH 2 X(jso). 

(4) (CH 3 ) 3 CX, tertiary, (terl-). 

Butyl Compounds. 

Butyl Alcohols, C 4 H 9 -OH. — All the four 
isomers arc known. 

Various general methods have been described 
for the purification of the alcohols obtained in the 
crude state. Among these are the separation 
with high-boiling mineral oil followed by frac- 
tionation of the non-aqueous layer (Canad. P. 
257760). Orton and Jones (J.C.S. 1919, 115, 
1194) describe a method for purifying n -butyl 
alcohol using the sodium salt of the salicylate. 

Verley (Bull. Soc. chim. 1928, [iv], 43, 469) 
has suggested a method of quantitative deter- 
mination by acetylation with acetic anhydride 
and acetyl chloride in the presence of pyridine. 
The water content of commercial butanols may 
readily be determined by the method of Spiers 
(J.S.C.I. 1924, 43, 251T) by distillation with -a 
known excess of benzene and weighing the 
fraction collected up to 100°. Hannotte (Bull. 
Soc. chim. Belg. 1926, 35, 86) has studied the 
characteristics of various azeotropic mixtures 
of tho alcohols and esters. 

Colour reactions of the various isomerides 
have been investigated by Ekkert (Pharm. 
Zentr. 1928, 69, 289) using furfural in the 
presenco of sulphuric acid and by Weber and 
Koch (Chem.-Ztg. 1933, 57, 73) using the 
Beckmann mixture. The p-nitrobenzoates have 
been examined by Henstock (J.C.S. 1933, 216) 
and appear to be suitable for purposes of 
identification. 

Refractometric and other data are recorded 
by Brunei, Crenshaw, and Tobin (J. Amer. 
Chem. Soc. 1921, 43, 561) and by Munch (ibid. 
1926, 48, 994). 

The oxidation of the alcohols at elevated 
temperatures in the presence of various catalysts 
has been investigated by Rubinstein and others 
(J. Appl. Chem. Russia, 1933, 6, 278) and also 
by Simington and Adkins (J. Amer. Chem. Soc. 
1928, 50, 1449). 

1. Normal butyl alcohol-, butanol; propyl 
carbinol, CH 3 -CH 2 -CH 2 -CH 2 -OH ; b.p. 117-42° 
(corr.) (Thorpe and Ro"dger, Phil. Trans. 1894, 
185, ii, 536); 117-71° (Brunei, Crenshaw, and 
Tobin, J. Amer. Chem. Soc. 1921, 43, 561) ; 
sp.gr. 0°=0-8233, 20°=0-8109, 40°=0-7994 

98-7°=0-7738 (Lieben and Rossi, Annalen, 1871, 
158,154); 20°/4°=0-8099 ; n D =l-39909 (Briihl, 
ibid. 1880, 203, 16). Has been found in the 
heavy oil of a faulty brandy to the extent of 
49%, Is not formed in tho fermentation of 
sugar produced by elliptical yeast (Claudon and 


Morin, J.C.S. 1887, 52, 714). Is produced by the 
action of sodium amalgam upon butyryl chloride 
and butyric acid (Saytzeff, Z. Chem. 1870, 108; 
Linnemann, Annalen, 1872, 161, 178). Also by 
the fermentation of glycerol by Bacillus butylicus 
and certain other bacteria in a suitable medium, 
the yield amounts to 9% of the glycerol 
used. Butyric acid and a little ethyl alcohol are 
also formed (Fitz, Ber. 1876, 9, 1348; Vigna, 
Ber. 1883, 16, 1438). Is also produced by the 
action of nascent hydrogen (iron and acetic 
acid) upon crotonaldehyde and trichloro- 
butaldehyde (Lieben and Zeisel, Monatsh. 
1880, 1, 825, 842), and by the catalytic hydro- 
genation of crotonaldehyde (B.P. 147118). 

Commercial production of n-butyl alcohol and 
acetone by a bacterial fermentation of potato 
starch was first carried out by Strange and 
Graham working Fembach’s process at Rainham 
and King’s Lynn in 1913. Weizmann’s process 
(B.P. 4845) in which maize starch was fer- 
mented by a different bacillus was substituted 
for the first process in 1916 and subsequently 
developed on a large scale by the Commercial 
Solvents Corporation of Maryland, U.S.A. 
From 1919 onwards, success depended on the 
sale of n-butyl alcohol for conversion into its 
acetate used in nitrocellulose lacquers, so called 
cellulose finishes, for motor cars. The American 
manufacture is described by Gabriel (Ind. 
Eng. Chem. 1928, 20, 1063) and by Gabriel and 
Crawford (ibid. 1 930, 22, 1163). Fermenters 
holding 42,000 gallons of maize starch paste are 
inoculated with about 800 gallons of bacterial 
culture and fermented at 36° for 2 to 3 days. 
The liquid products, n-butyl alcohol, acetone, 
and ethyl alcohol, are recovered in the pro- 
portion of 6 : 3 : 1. A commercial quality of 
n-butyl alcohol used in nitro-cellulose solutions 
is defined by B.S.S. 308/1933. 

Werkman and Osbum (J. Bact. 1931, 21, 20) 
have suggested the following method of deter- 
mining the proportion of alcohols present in 
the fermentation mixture. The aldehydic 
and ketonic constituents of the mixture are 
precipitated as their 2:4-dinitrophenylhydra- 
zones. The alcohols are distilled from the mix- 
true and oxidised by a chromic-phosphoric acid 
mixture. The acids may then be either titrated 
or determined by partition using isopropyl ether. 
The same authors give an alternative method 
(Analyst, 1934, 59, 319) in which the acetone is 
determined iodometrically and the alcohols 
determined according to tables which are given. 

Properties . — Colourless liquid, soluble in 12 
parts of water, from which solution it can be 
separated by means of calcium chloride. Soluble 
in concentrated hydrochloric acid ; is readily 
oxidised to butyric acid. Fused zinc chloride 
abstracts water, and yields /3-butylene and 
smaller amounts of normal butylene (Le Bel 
and Greene, Amer. Chem. J. 1880-1881, 2, 
24). 

Bromine acting on n-butyl alcohol yields, 
with some difficulty, mono-brombutaldehyde, 
b.p. 235° (fitard, Compt. rend. 1892, 114, 753). 
The action of aluminium amalgam on the butyl 
alcohols, producing aluminium alkoxides, has 
been studied by Tistsbenko (J.C.S. 1899, 76, 
i, 408 ; 1900, 78, i. 269). 
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Chlorination of n butyl alcohol in dif 
daylight at higher temperatures gives a mixture 
including some 60-70% of dichlorbutaldehyde- 
dibutyl acetal, b.p. 138°-140°/13 mm. At lower 
temperatures the mono chloro derivative pre- 
dominates (Gault and Guillemet, Compt. rend 
1922, 175, 367 , Bull Soc chun. 1923, 33. 1792). 

The following esters of n butyl alcohol have 
been prepared: phosphite (alcohol-}- phosphorus 
trichloride), b p. 122°-123°/12 mm (Milobedzki 
and Sachnowski, Chemik Polski, 1917, 15, 34) ; 
hypochlorite (Chattaway and Backeberg, J C S 
1923, 123. 2999); titanate (alcohol* titanium 
tetrachloride), bp. 185°— 187°/16 mm. (Biscboff 
and Adkins, J. Amer. Chem. Soc. 1924, 46, 256) ; 
borate, b p 190°/220 mm. (U S P. 1668797) and 
silicate (alcohol* silicon tetrachloride), b p 160°- 
165°/20 mm. (Bearing and Reid, J. Amer, 
Chem Soc. 1928, 50, 3058) The p -nitrobenzyl- 
phthalate, m.p. 62°, may be used for purposes 
of identification (Reid, J. Araer Chem Soc. 1917, 
39, 1249); phthalate, bp 325°, from butjl 
alcohol and phthahc anhydride in the presence 
of sulphuric acid (U.SP. 1864893). For the 
technically important n-buiyl acetate, see Vol. I, 
p. 56, and B.S S 551/1934. 

2. iso Butyl alcohol, iso propyl earbind, 

a-hydroryf 3- melhylpr opart, 

(CH,) 2 CHCH,OH, 

b p. 108 4° (Linnemann, Annalen, 1891, 160,238), 
lt)7-5° at 756 mm., Michael and Zeidler (Annalen, 
1912, 393, 81), 107 6° (corr.), ThoTpe and Rodger 
(Phil. Trans. 1894, 185, A, 538) ; 107-9° (Brunei 
et al, l c.) ; sp gr. 0-7265 at 106 6°/4° (Schiff, 
Annalen, 1883, 220, 102), 0 8168 at 0° (L.). 

0 8069 at 15715°, 0 8008 at 25°/25° (Perkin, 
J.C.S. 1884, 45, 468) ; sp. heat=0-686 ; molecular 
rotation =4 936 at 17 7° (Perkin, l.c.); n” # 

1 13968 (Landolt and Jahn, Z. physikal. Chem. 
1892, 10, 317). Spgr. of aqueous solutions 
(Duc)aux, Ann. Chim. Phys. 1878, [v], 13, 91) : 

r ? X ™> f ) ,lc °'} 25 6 0 10 

^solution ‘u5““)° 9950 0 9930 0 9915 °- 9875 
Occurs in fusel oil from potatoes and beet 
(Wurtz, Ann. Chim. Phys. 1854, [foil, 42, 129), and 
combined with angelic and isobutync acids in 
Roman oil of chamomile (Fittig and K6big, 
Annalen, 1879, 195, 96). 

Preparation. — By the action of sodium 
amalgam and water upon /3-chloroisobutyl alcohol, 
which results from the action of hypochlorous 
acid upon isobutylene (Butlerow, Annalen, 1867, 
144, 24). Is formed in small quantity by the 
action of elliptical yeast upon sugar or glycerol 
(Claudon and Morin, Compt. rend. 1887, 104, 
1187) ; by the reduction of tsobutaldehyde 
with sodium amalgam (Linnemann and Zotta, 
Annalen, 1872, 162, 11). 

Properties .- — Colourless liquid, soluble in 
10 5 part3 of water, from which calcium chloride 
causes it to separate. Smells like fusel oil. 
Is oxidised by chromic acid into tsobutyric acid, 
acetic acid, carbon dioxide, acetone, and other 
products (Kramer, Ber. 1874, 7, 252; Schmitt, 
i bid. 8, 1361). On distillation with zinc dust it 


loses the elements of water and yields isobutylene 
(Jahn, ibid. 1880, 13, 989). 

Treated with iodine and aluminium, aluminium 
trnsobutoxide AI(C 4 H 8 0) 3 is formed, a liquid 
which may be distilled in vacuo (Glad 
stone and Tribe, J.C.S. 1881, 39, 6; Tist- 
ehenko, Ic). 

/sobutyl alcohol may be catalytically oxidised 
to isobutaldehyde A yield of 50% is obtained 
when the vapour of the alcohol mixed with «r 
is passed over warm freshly reduced copper 
spirals and the products collected (E. Orloff 
JSC.I. 1908, 27, 957). 

When chlorine is passed into dry isobutj! 
alcohol, and the solution subsequently heated 
gently, the product can be separated into two 
fractions, b p. 80°-100° and 170°-250° respec- 
tively. The low er fraction consists of ckloroieo 
butaldehyde, bp 90°-91°; d 1 ® 1-186. It com 
bines with sodium hydrogen sulphite, and 
when oxidised with alkaline permanganate 
yields acetone and hy droxyisobutyric acid, 
Me t C(0H)C0 2 H, m p. 78°. A termolecular 
polymeride, C 12 H tl Cl s Oj, which melts at 107°, 
is obtained by shaking with strong sulphunc 
acid (A. Brochet, Compt. rend 1892, 114, 
1538). If the alcohol is kept cold, the chief 
product is afl-dichlorowbutyl iso butyl ether, 
CMejCI-CHCI 0-CH 2 -CHMe,, bp. 192 5°/ 
760 mm, d 4 5 1 031. Water is without action 
on this product at low temperatures, but at 100° 
produces hydrogen chlonde and a chloroiw- 
butaldehyde and diisobutylmonochloroisobutyral 
CMe 2 CI-CH(OC 4 H 9 ) 2 , b.p. 218% d” 0 9355 
(A. Brochet, Compt. rend. 1894, 118, 1280; see 
also Brochet, Bull. Soc. chim. 1896, [m], 15, 16; 
ibid. 20). 

When chlorine is led into hot isobutyl alcohol, 
ijobutyl chloroisobutyrate, isobutyl a/i-dichloro- 
isobutyrate, mono- and dichloroisobutaldehyde, 
isobutync acid, oxyisobutyric acid, .crotomc 
acid, CO, C0 2 and methyl chloride are 
produced. Treating aqueous isobutyl alcohol 
with chlorine water produces isobutync acid, 
and isobulyl a-chloroisobutyrate (Brochet, Ann 
Chim. Phys. 1897, [vu], 10, 363). 

/sobutyr alcohol, when acted on by bromine, 
readily yields isobutyl bromide, mixed with 
isobutyl isobutyrate, and bromoisobutaldehyde 

(Etard, Compt. rend. 1892, 114, 753). 

Kutzelnigg (Z. anal. Chem. 1929, 77, 349) has 
shown that tsobutyl alcohol gives a characteristic 
orange colour with potassium ferroeyaiude. 

(For combinations and denvatives of isobutyl 
alcohol, v. Gladstone and Tribe, J C.S. 1881, 39, 
6; Pierre and Puchot, Annalen, 1872, 163, 274; 
and Heindl, Monatsh. 1881, 2, 208.) 

3- Secondary butyl alcohol, 2 hydroxybutane, 
methyl ethyl carbmol, 

CH^ 5 >CH-OH; b.p. 99° at 738-8 mm. (Lieben, 
Annalen, 1869, 150, 114); 99 5° (Brunei et al), 
sp gr. 0 827 at 0% 0-810 at 22° (L.). 

Formed by the action of water upon 
compound of zinc ethyl and aldehyde : 


the 


(Wagner, Annalen, 1876, 181, 261). Also by 
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acting upon secondary butyl iodide with silver 
acetate and saponifying the resulting acetate by 
means of potash, or by hydration of butenes in 
the presence of sulphuric acid, phosphoric acid, 
or benzenesulphonic acid. The crude product is 
separated bv fractionation (Canad. P. 202135 ; 
B.P. 161591'; U.S.P. 1408320). Normal butyl 
alcohol may be changed into the secondary 
alcohol ; tho normal iodide is heated with 
potash, and the normal butylene so obtained on 
treatment with hydriodic acid yields secondary 
butyl iodide (Saytzeff, Z. anal. Chem. 1870, 9, 
327). It may also be prepared from the normal 
isomeride by treating 7i-butylamine with nitrous 
acid (Meyer, Ber. 1877, 10, 130 ; Kanonnikoff 
and Saytzeff, J.C.S. 1875, 28, 626). 

Properties, — Liquid, with strong odour ; upon 
oxidation yields methyl ethyl kg tone, and acetic 
acid (Kanonnikoff and Saytzeff, l.c.). Heated 
with a trace of hydrochloric, hydrobromic, or 
hydriodic acid, in a sealed tube, to 240°, yields 
C 4 H g (i/r-butylene). It has been separated into 
its optical antipodes by B. Meth (Ber. 1907, 40, 
695), through the brucine salts of the acid 
sulphate. Viditz has separated the optical 
isomerides through the brucine salts of the acid 
phthalate (Biochem. Z. 1933, 259, 294). d-sec- 
Butyl alcohol has [a]“ + 13-87 (Pickard and 
Kenyon, J.C.S. 1913, 103, 1925). 

4. Tertiary butyl alcohol, Irimethyl carbinol, 
(CH 3 ) 3 C-OH. A solid; m.p. 25-45° (De 
Forcrand, Compt. rend. 1903, 136, 1034) ; b.p. 
82-94° (corr.) (Linnemann, Annalen, 1872, 162, 
26) ; 81-5°-82° (Perldn, J.C.S. 1884, 45, 468) ; 
82-25° (Thorpe and Rodger, Phil. Trans. 1894, 
A. 185, 539). Sp.gr. 0-7792 at 37° (L.) ; 0-7788 at 
30° (Butlerow, Annalen, 1872, 162, 229) ; 0-7864 
at20°/4°; 0-7802 at 26°/4° (Bruhl, Annalen, 1880, 
203, 17) ; 0-7836 at 25°/25°, 0-7761 at 35°/35° ; 
mol. magn. rotation at 24-3°=5-122 (P.) ; 

1-38779 (Bruhl); crit. temp.=234-9° 
(Pawlewski, Ber. 1883, 16, 2634). 

Formed from isobutyl iodide by treatment 
with acetic acid and silver oxide (Linnemann, l.c.; 
Butlerow, Annalen, 1873, 168, 143) ; also from 
isobutylamine by treatment with nitrous acid, 
and from isobutyl carbimide CON-C 4 H 9 , b y 
action of potash (Linnemann, Annalen, 1872, 
162, 12). Can be prepared by allowing 20 g. of 
tertiary butyl iodide and 50 g. of water to stand 
in contact for two or three days (Dobbin, J.C.S. 
1880, 37, 238). 

Isobutyl alcohol heated with excess of hydro- 
chloric acid yields a mixture of secondary and 
tertiary butyl chlorides, the latter only is hydro- 
lysed when the mixture is heated with six 
volumes of water yielding the alcohol (Freund, 
J- pr. Chem. 1875, [ii], 12, 25). 

Properties . — Forms rhombic plates or prisms. 
Unites with water to form a liquid hydrate, 
2C 4 H lS 0,H 3 0 (b.p. 80°; sp.gr. 0-8276 at 0°) 
(Butlerow, Annalen, 1872, 162, 229 ; r/., how- 
ever, Young and Fortey, J.C.S. 1902, 81, 729). 

The existence of a hydrate, C 4 H 10 O,2H 2 O, 
m.p. 0°, is established by cryoscopic, density, and 
viscosity determinations (Patemo and Midi, 
Atti R. Accad. Lincei, 1907, (v), 16, ii, 153). 

In sunlight it combines with chlorine, forming 
tertiary butyl chloride and other substances 
(D’Otreppe, Jahrcsber. 1881, 512). 


Trimethyl carbinol explodes feebly when 
treated with bromine, yielding isobutylene 
bromide, C(CH 3 ) 2 Br-CH 2 Br, boiling at 148° 
(Etard, Compt. rend. 1892, 114, 753). 

Tertiary butyl alcohol has a slightly narcotic 
action when taken internally, and is found in 
the urine in combination with glycuronic acid 
(Thierfelder and v. Mering, Chem. Soc. Abstr. 
1885, i, 1002). 

Nilrohydroxybutan.es may be obtained quanti- 
tatively as follows : By the action of nitro- 
methane on formaldehyde, in presence of a little 
potassium carbonate, tertiary nitrotrihydroxy- 
butane, 0 2 N-C(CH 2 -0H) 3 , a white crystalline 
solid, melting at 158°-159°, is produced. Nitro- 
ethane produces tertiary nitrodihydroxyhutane, 
N0 2 -C(CH 3 )(CH 2 0H) 2 , melting at 139°-140°. 
Secondary nitropropane yields nitroisobutyl 
alcohol, N0 2 -C(Me) 2 -CH 2 0H, melting at 
82° (L. Henry, Compt. rend. 1895, 121, 210). 

Butyl Bromides. Tetiyl bromides, C 4 H 9 Br. 

1. Normal butyl bromide, a-bromobutane, 

CH 3 -CH 2 -CH 2 -CH 2 Br ; 

b.p. 99-88° (corr.) (Linnemann, Annalen, 1872, 
161, 193); sp.gr. 1-3050 at 0°, 1-2792 at 20°, 
1-2571 at 40° (Lieben and Rossi, ibid. 1871, 158, 
161). 

Formed from normal butyl alcohol and 
hydrobromic acid (L. and R. Taboury, Bull. 
Soc. chim. 1911 [iv], 9, 124). It is best pre- 
pared in quantity by treating a mixture of 
bromine (400 g.) and ice (425 g.) with sulphur 
dioxide until reduced and then adding n - butyl 
alcohol (296 g.) and cone, sulphuric acid (200 g.). 
The mixture is refluxed and the product 
fractionated (Kamm and Marvel, J. Ame r. 
Chem. Soc. 1920, 42, 299). 

By the action of bromine, aj3-dibrombutane 
(b.p. 166°) is formed (Linnemann, Annalen, 
1872, 161, 190). 

2. isoBulyl bromide, a-bromo-fi-methyl propane 

(CH 3 ) 2 CH-CH 2 Br; b.p. 92-3° (corr.) (Linne- 
mann, ibid. 162, 34) ; cf. Perkin (J.C.S. 
1884, 45, 459); 91-7° (corr.) (Thorpe); 

sp.gr. 1-2038 at 16° (L.), 1-2722 at 15°/15°, 
1-2598 at 25°/25° (P.). Molecular rotation= 
8-003 at 16-2° (P.). From isobutyl alcohol, 
bromine, and phosphorus (Wurtz, Annalen, 
1855, 93, 114). Unites with bromine at 150° 
to form C 4 H,Br 3 (L.). Pure isobutyl bromide is 
an unstable substance yielding the tertiary 
isomer when heated above the h.p. It yields a 
solid piperidide, m.p. 134°-135° (Powell and 
Dehn, J. Amer. Chem. Soc. 1917, 39, 1717). 

3. Tertiary butyl bromide, fi-bromo-fi-methyl 
propane, (CH 3 ) 3 CBr; b.p. 72° at 761-5 mm. ; 
sp.gr. 1-215 at 20° (Roozeboom, Ber. 1881, 14, 
2396), 1-2020 at 15°/I5°, 1-1892 at 25°/25° ; 
mol. magn.rotation=8-238 atl7-8°(P.). Formed 
when isobutyl bromide is heated to 240° 
(Eltekow, Ber. 1875, 8, 1244). Also from tri- 
methyl carbinol and phosphorus pentabromide 
(Reboul, Jahresber. 1881, 409). May also be 
prepared by leading isobutylene into a solution 
of hydrobromic acid of sp.gr. 1-7 (Roozeboom, 
l.c.). Is readily decomposed at 300° into isobuty- 
lene and hydrobromic acid. Water, in the 
cold, forms the alcohol. 

Tribromo-tert-butyl alcohol (brometone), 
C 4 H 7 OBr 3 , m.p. 167°— 176°, forms white 
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crystals, has a camphor like taste and odour, is 
slowly volatile in air, and can be distilled with 
steam (Aldncb. J. Amer. Chem- Soc, 1911, 33, 
380). For pharmacological properties, see 
Houghton and Aldnch, Proc. Amer. Physiol. 
Soc. 1902. The alcohol may be estenfied by 
treatment with propionyl or butyryl chlondes 
(Aldrich, J. Amer. Chem Soc. 1918, 40, 
1948) 

4. Secondary butyl bromide, ft brombutane, 
CH, CH, CHBr CH, ; b p. 90’-93° (V. Meyer 
and Muller, J. pr. Chem 1892, [uj. 46, 183); 
obtained from secondary butyl alcohol by the 
action of hydrobromic acid, and yields j}y- 
dibrorahutanc by warming With iron and 
bromine. 

For observations on the course of the intra 
molecular transformations of the butyl bromides 
and chlondes, tee Michael and Leupold, Annalcn, 

1911, 379, 263 ; Michael and Zeidler, Annalen, 

1912, 393, 81; Michael. Scharf and Voigt, 
J, Amer. Chem Soc. 1910, 38, 653 Franheand 
Dworzah (Monatsh. 1923, 43, CGI ) have prepared 
optically active tec -butyl bromide, b.p. 89°- 
91°; [ajn + 6-36°. 

Butyl Chlorides. Tetryl chlondes, C 4 H,CI. 

1. Normal butyl chloride, a-chlorbutane, 

CH, CH j-CH, CHjCI, 

b p. 77 06’ (corr ) (Lumemann, Annalcn, 1S72, 
161, 197), spgr. 0 9074 at 0°. 0 8874 at 20° 
(Lieben and Rossi, i bid. 1871, 158, 101); 0 9074 
at 0° (L ). Formed by the action of chlorine 
upon n-butane (Pelonze and Cahours, Jahrcsber. 
1863, 524), more easily by the action of 
hydrochloric acid upon n-butyl alcohol (Lichen 
and Rossi). It 13 beat prepared by refluxing a 
mixture of the alcohol nit h aqueous hydrochlonc 
acid in the presence of zme chloride. The 
product is refluxed with sulphuric acid to 
remove impurities and re-distilled (Norris nnd 
Taylor, J. Amer. Chem. Soc. 1924, 46, 753). 

2. isofluJyt chloride, fi methyl a-chlorpropane, 
(CHj),CH CHjCI ; bp. 63 5° (Linnemann, 
Annalen, 1872, 162, 17); GS 5’-69° (Perkin, 
J.C.S. 1884, 45, 451); 69 02’ (corr.) (Thorpe); 
ap gr. 0 8793 at 15’ (L.), 0 8953 at 0°, 0-8651 at 
27-8’, 0 8281 at 59° (Pierre and puchot, Annalen, 
1872, 163, 276), 0 8335 at 15715°, 0 8739 at 
25®/25° (P.). Molecular rotation at 21-3’=6-144 
(Perkin). Formed by the action of hydro- 
chloric acid or PCI 4 upon the alcohol (Wurtz, 
ibid. 1855, 93, 113). By the action of chlorine, 
hexachlorbutane is produced. 

isoButyl chlonde is also produced by the 
interaction of chlorine and liobutnne in diffused 
sunlight (Mabcry and Hudson, Amer. Chem. J. 
1897,19,245) ; and also by treating isobutylamine 
cooled to —15’ with nitrosyl chloride (Solomna, 
Chem. Zentr. 1898, ii. 887). 

3. Tertiary butyl chloride, fi-melhyl-f}-ehlorpro- 
panc (CH,),CCI ; b.p. 51*~52“ (Perkin, J.CS. 
1884, 45, 451) ; ep. gr. 0 8471 at 15715°, 0-83G8 
at 25725°; molecular rotation at 15°*=6-257 
(Perkin). 

Formed (1) by the chlorination of tertiary 
butane (Butlerow) ; (2) by the action of iodme 
mcmochloride upon isobutyl iodide (Linnemann, 
Annalen, 1872, 162, 18); (3) by the action of 
hydrochloric acid upon isobutylene at 100° 


(Zalessky, Ber. 1872, 5, 4S0; Le Bel, Bull Soc 
chim. 1877, [n], 28, 462) ; (4) by saturating tn- 
methyl carbinol at 0° with hydrogen chlondi 
(Schramm, Monatsh. 18S8, 9, 619). Set alto 
" Organic Syntheses,” Yol. VIII, p. 50. 

fert -Butyl chloride is also formed by the 
action of i’Clj on tnmethyl carbinol (Janschea 
ho, Chem. Zentr. 1897, ii, 334), and produced, 
together with isobutyl chloride, by the action 
of mtrosyl chloride on tertiary butylamine ia 
xylene solution at —15° to —20° (Salonina, ibid. 
1893, ii, 888). 

/erf. Butyl chloride, when heated with five or 
6iv vols. of water to 100°, yields the alcohol 
(Butlerow, Annalen, 1867, 144, 33). Chlonnc 
in diffused daylight, in the cold, forms C t H,CI. 
(b p 106M07°), C 4 H.CIj and C t H 4 Clj. whilst 
in direct sunlight C,H,CI ( (b.p. in partial 
vacuum about 115°), and other products are 
formed (D’Otreppe tie Bouvette, Jahresb. 1831, 
441). 

4. Secondary butyl chloride, p-ehlorbutane, 
CHj-CHj-CHCI-CH,, i3 produced by the 
action of nitrosyl chloride on secondary butyl- 
amine in xylene solution at —20° (Solonini, 
Chem Zentr. 1898, ii, 888). 

Butyl Cyanates. Only the ito eyanate* hare 
been described. 

1. isoSutyl isocyanate, isobutyl carbimide 
(CHj)jCH CH, NCO ; bp. 110°, obtained 
by the distillation of wobutyl iodide with silver 
eyanate and sand (Brauner, Ber. 1879. 12. 
1877). 

2 Tertiary butyl isocyanate, 

(CH 3 ) 3 C-NCO ; 

b p. 85 5° (corr.) ; sp gr. 6 8676 at 0°; remains 
liquid at —25°. Is formed, together with other 
substances, when silver eyanate acts upon iw- 
butyl iodide (Brauner, Ber. 1879, 12, 1874). By 
the action of hydrochloric acid, it yields tertiary 
butylamine, (CH,),C-NH 2 . Potash produces 
symmetrical diiaobutyl urea, melting at 24- . 

Butyl Cyanides. C.Hj-CN. 

1. Normal butyl cyanide, raleronitrile, 
CHj-CHj-CHj-CHj-CN ; 
b p. 140 4° at 739 3 mm. ; sp gr. 0 8104 at O' 
(lieben and Rossi, Annalen, 1871, 158, 171). 
This may readily be prepared by treating 
n-butyl bromide (1,575 g.) in 1,575 c.c. ethyl 
alcobol (95%) with a eolation of powdered 
sodium cyanide (690 g.) in 690 c.c. water 
The mixture is heated under reflux ©nthe 
water bath and finally fractionated. * * cI ® 
720-726 g., b.p. 13S°-14l° (Adams and MsnU. 
J. Amer. Chem. Soc. 1020, 42, 310). _ , 

On alkaline hydrolysis, valeric acid is formed, 
whilst hydrolysis with an acid in alcoholic 
solution yields ethyl valerate. u 

S.iso Butyl cyanide (CHj).-CH CHj CN . 
b.p. 126°-128‘ at 714 mm. (Erlenmeycr ana 
Hell, Annalen, 1871. 160, 266) ; 129 3°-l29 5 
764 3 mm. (R. Scbiff, Ber. 1886, 19, 567) i *P-F: 
0 8227 at 0°, 0 8069 at 20° (Erlcnmeyer 
Hell) ; 0 6921 at 12974° (S). Formed by tfce 
oxidation of gelatin (Schlieper, AnnMen, 

59, 15) or casein (Guckclberger, ibid. 1»4“, ©■*• 
76) with chromic acid; also by the *etion 
PjO, upon ammonium wovnlerate (lmo - 
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Malaguti,' and Leblanc, ibid. 1848, 64, 334). 
May be prepared by heating 300 g. isobutyl 
iodide, 98 g. of potassium cyanide, 98 g. of 
alcohol, and 25 g. of water for three days on the 
water-bath (Erlenmeyer and Hell, l.c.). 

3. Tertiary butyl cyanide (CH 3 ) 3 C-CN ; 
m.p. 15°-10° ; b.p. 105°-106°. Prepared by 
mixing 100 parts of tertiary butyl iodide, 110 
parts of mercury potassium cyanide, with 75 
parts of talc, and allowing the mixture to remain 
for two or three days at a temperature not ex- 
ceeding 5°. The mass is then treated with water, 
and distilled on the paraffin-bath (Butlerow, 
Annalen, 1873, 170, 154). 

4. Secondary butyl cyanide, methylethyl- 
acetonitrile, EtCHMe-CN; b.p. 125°; sp.gr. 
0-8061 at 0°. Sodium (4 eqv.) is dissolved in 
propionitrile in benzene, and ethyl iodide (1 
eqv.) added (Hanriot and Bouveault, Bull. Soc. 
chim. 1889, [in], 1, 172). 

Butyl Hydrides. Butanes, tetranes. 

1. Normal butane, diethyl, a-methylpropane, 

CH 3 -CH 2 -CH 2 -CH 3 ; 

b.p. 1° (Butlerow, Z. Chem. 1867, 363) ; —0-3°, 
Burrell and Robertson (J. Amer. Chem. 
Soc. 1915, 37, 2188); sp.gr. 0-60 at 0° 
(Ronalds, J.C.S. 1865, 18, 54). Critical temp. 
153-2°; critical press. 35-67 atm. Occurs in crude 
petroleum (Ronalds, l.c.; Lefebvre,Z. Chem. 1869, 
185), and also in natural gas (Garner, Amer. 
Gas Eng. J. 1908, 108, 489). Formed by heating 
ethyl iodide with zinc to 150° (Frankland, 
Annalen, 1849, 71, 173; Schoyen, ibid. 1864, 
130, 233). Also by the action of sodium amalgam 
upon ethyl iodide (Lowig, Jahresb. 1860, 397). A 
colourless gas, insoluble in water. 1 vol. of 
alcohol at 14-2° and 744-8 mm. absorbs 18-13 
vols. of butane (Frankland). Liquid butane 
polymerises quantitatively to naphthenes in the 
presence of aluminium chloride (U.S.P. 
1395620). 

Butane has recently found application in the 
United States as a substitute for ammonia in 
refrigeration. It has the advantages of being 
non-poisonous and non-corrosive, although 
these are somewhat reduced by the hazard of 
fire (Edwards, Amer. Soc. Refrig. Eng. J. 1922, 
8, 488; Nuckolls, Amer. Chem. Abstr. 1925, 19, 
1777). 

2. isoButane, irimethylmethane, (CH 3 ) 3 CH. 
Formed by heating 0-9 part of isobutyl iodide 
with 2-4 parts of aluminium chloride to 120° 
in a sealed tube from which air is excluded 
(Kolmlein, Ber. 1883, 16, 562). Also by the 
action of zinc and water upon fert-butyl iodide 
(Butlerow, Annalen, 1867, 144, 10). The gas 
is readily soluble in alcohol, from which it can 
be expelled by dilution with water, b.p. —13-4°; 
critical temp. 133-7°; critical press. 36-54 
atm. (Seibert and Burrell, J. Amer. Chem. Soc. 
1915, 37, 2691). Vapour pressure may be 
represented by the formula : 

log P=-1632-661/T+l-75 log T-0-0158873T 

+ 9-06814 

(Burrell and Robertson, ibid. 24S2). 

CHj — CH„ 

3. cyclo Butane, telramdltylcnc, | I 

CH„— CH, 

b.p. 11-1-27760 mm., d" 0-703; n D '1-37520. 


The gas, which has a very faint odour, was 
prepared by passing cycZobutene and hydrogen 
over nickel at 100°. It is not affected by cold 
H I or[K M n O 4 solutions. At 200° it is reduced to 
butane by hydrogen in the presence of nickel 
(Willstatter and Bruce, Ber. 1908, 40, 3979). 

Metallic Derivatives. Some -work has 
been done on the preparation of the butyl 
derivatives of various metals. Lead tetra-iso- 
butyl, a liquid, is described by Griittner and 
Kranse(Ber. 1917, 50, 278), while di-n- and di-iso- 
butyl thallic halides have been obtained by 
Kranse and Grosse (ibid. 1925, 58, [B], 1933) by 
treatment of the alkyl halide with an ethereal 
solution of the thallic salt. 

Butyl Iodides. C 4 H 8 I. 

1. Normal butyl iodide, 

CH 3 -CH 2 -CH 2 -CH 2 I ; 

b.p. 129-8° (corr.) (Linnemann, Annalen, 1872, 
161, 196) ; 130-4°-131-4° at 745-4 mm. (Bruhl, 
ibid. 1880, 203, 21) ; sp.gr. 1-643 at 0°, 1-6136 at 
20° (Lieben and Rossi, ibid. 1871, 158, 163), 
1-6166 at 20°/4° (Bruhl). Prepared from n-butyl 
alcohol and hydriodic acid (Linnemann, l.c.). 
Adams and Voorhees (J. Amer. Chem. Soc. 1919, 
41, 789) have developed a method of preparation 
suitable for large-scale work using the alcohol 
and iodine in the presence of a mixture of red 
and yellow phosphorus. By the action of iodine 
trichloride at 250° it yields hexachlorethane, 
C 2 CI„ (Kraft, Ber. 1877, 10, 806). 

2. isoBuiyl iodide, a-iodo-fi-methylpropane, 

(CH 3 ) 2 -CH-CH 2 I ; 

b.p 120-0° (corr.) (Linnemann, Annalen, 1871, 
160, 240; 192, 69); 83°-83-25° at 250 mm. 
(Perkin, J.C.S. 1884, 45, 451) ; 119-94° (Thorpe 
and Rodger, Phil. Trans. 1894, A, 11, 470) ; 
sp.gr. 1-6401 at 0° (L.), 1-6056 at 20°/4° (Bruhl, 
Annalen, 1880, 203, 21), 1-61386 at 15°/15°, 
1-60066 at 25°/25° (P.), n™ 1-49975 (Karvonen, 
Ann. Acad. Sci. Fennicre, [A], 5, No. 6, 124). 
Prepared from isobutyl alcohol, phosphorus, and 
iodine (Wurtz, Annalen, 1855, 93, 116). 

3. Secondary butyl iodide, fi-iodobulane, 

C 2 H b -CHI-CH 3 ; 

b.p. 117°-118° (Luynes, Bull. Soc. chim. 1864, 
[ii], 2, 3) ; 119°-120° (Lieben, Annalen, 1869, 
150, 06) ; sp.gr. 1-6263 at 0°/0°, 1-5952 at 20 °/0°, 
1-5787 at 30°/0° (Lieben). Formed by distilling 
erytliritol with hydriodic acid (Luynes) or from 
n-butylene and hydriodic acid (Wurtz, Annalen, 
1869, 152, 23). (See also Clarke, Chem. Zentr. 
1908, ii, 1015.) 

4. Tertiary butyliodide, fl-methyl-fl-iodopropane, 

(CH 3 ) 3 CI; b.p. 98°-99° (with decom.) (Butle- 
row) ; 100-3° (Puchot, Ann. Chim. Phys. 

1883, [v], 28, 546) ; sp.gr. 1-571 at 0°, 1-479 at 53° 
(P.). Prepared from tertiary butyl alcohol and 
hydriodic acid or from isobutylene and hydriodic 
acid (Butlerow, Annalen, 1867, 144, 5, 22) ; 
is easily decomposed (by silver oxide, potash, or 
by heating with zinc and water), into hydriodic 
acid and isobutylene (Butlerow, Z. Chem. 1867, 
362). Is also decomposed by water in the cold, 
yielding hydriodic acid and tertiary butyl 
alcohol. On heating with sodium, it yields a 
mixture of hydrogen, isobutylene, and triiso- 
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butylene (CjjH.j) {Dobbin, J.C S. 1880, 37, 
236). 

Butyl Mercaptans. C,H,-SH. 

1. Normal butyl mercaptan, 

CH 3 CHj'CHj-CH, SH ; 
bn 97®-9S° ; epgr. 0 858 at 0° (Saytzeff and 
Grabowak), Annalcn, 1874, 171, 231; 1875, 
175, 351) 

2 isoButyl mercaptan, 

(CHj)*CH CHj SH , 

bp. 8S° ; epgr. 0 848 at 11*5° (Humann, 
Annalen, 1855. 95, 250). 0 83373 at 20®/4° 
(Nasini, Ber. 1882, 15, 2882). Esterification 
with acetic acid at 200° reaches an equilibrium at 
a concentration of 12% ester (Faber and Reid, 
J. Amer. Chem Soc. 1917, 39, 1930). 

3. Secondary butyl mercaptan, 

C,H s CH(SH)CH s ; 

b p, 84°-S3° , sp gr. 0 8299 at 17° , from the 
corresponding iodide and alcoholic potassium 
hydrosulphide (Levene and Miteska, J. Biol 
Chem 1925, 63, 85) Oxidation with nitnc 
acid yields the ft sulphonic acid. The mercury 
compound (C 4 H B S) 2 Hg meltsat 189°(Reymann, 
Ber 1874, 7. 1287) 

4. Tertiary butyl mercaptan, 

(CH,),C SH, 

is prepared from tertiary butyl iodide, zinc 
sulphide, and alcohol (Dobbin, J.CS 1S90, 57, 
641) It boils at 63 7°-64 2°, and solidifies m a 
freezing mixture. The metallic derivatives aTe 
described by Rhemboldt et al. (J. pr Chem 
1932, [u], 134, 257) 

Butyl Nitrates. 

1. Normal butyl nitrate, 

CHyCHj-CHj-CHj-O NO,, 

boils at 136° , sp gr. I 048 at 0° (Bertoni, 
Gazzetta, 1890, 20, 374). 

2 iso Butyl nitrate, (CH 3 ) 3 CH CHj-O-NOj, 
niol magn rotation at 8 9°=5 18 ; bp. 123 5- 
124 5° ; sp gr. 1 0334 at 474°, 1-0264 at 10°/10°, 
1 0124 at 25725° (Perkin, J.C.S 1889, 55, 684) ; 
ftp* 1-40130 (Brubl, Z physikal. Chem. 
1895, 16, 214) Prepared from silver nitrate, 
urea, and tsobutyl iodide (Wurtz, Annalen, 
1855, 93, 120 ; Chapman and Smith, Z. Chem. 
1869, 433). 

3. Secondary butyl nitrate boils at 124°; 
sp gr. 1-03S2 at 0® (Bertoni, Gazzetta, 1890, 20, 
375). 

Butyl Nitrites, Nitrobutanes, C 4 H»NO t . 

1. n- Butyl Nitrite, b.p. 75°-76°, has been pre- 
pared by Sugden, Reed and Wilkins (J.CS. 
1023, 127, 1525). 

2. IsoButyl nitrite, (CH 3 ),CH-CHj-NO, ; 
b.p. 67° ; sp.gr. 0 89445 at 0° (Chapman and 
Smith, Z. Chem. 1869, 433), 0 8878 at 
474 ®, 0 S806 at 10710®, 0 8752 at 15®/15®, 0 8702 
at 20®/20°, 0 8652 at 25°/25® ; mol. magn. rotation 
at 8 2®=5 51 (Perkin, J.C.S. 1889, 55, 686, 
757); rip 1 1-37151 (Brubl, U.). Prepared by 
mixing isobutyl alcohol and sulphuric acid, 
and gradually pounng the cooled mixture into an 
aqueous solution of sodium nitrite (1:3); the 


upper layer, consisting of iaobutjl nitrite, i* 
decanted, washed with potassium carbonate 
solution, and dried. It is a pale yellow liquid, 
apt to become add by keeping when rapid 
decomposition sets in. Taken medicinally, it 
lowers the blood pressure and produces respira 
torv paralysis (Dunstan and Woolley, Pharm J 
J 888-1889, [lii], 19, 487). 

3 Tertiary butyl nitrite, (CH 3 ) 3 CN0,- 
b.p. 63° ; sp gr. 0 8914 at 0° (Bertoni, Gazzetta! 
1885, 15, 351) ; 67°-68° (Tschenuak, Annalen, 
1876, 180, 155). From the alcohol and glyceryl 
nitnte (B.) ; also from the iodide and sflrer 
nitrite (T.j. A yellow, mobile liquid ; soluble 
in alcohol, ether and chloroform; sparingly 
soluble in a ater. 

Butyl Derivatives of Aromatic Nitro- 
hydrocarbons. 

The butyl derivatives of many aromatic nitre- 
hydrocarbons have a musk like odour, and 
are sold as “ artificial musk.” Musk Bavr, tri 
nitro wi fe rt-buty Itoluene, 

C s H(CH 3 )(NOj) s C(CH,) s , 
is made by nitrating m tert-butyltoluene with 
fuming nitnc and fuming sulphuric acids, tert- 
Butyltoluene is prepared by Friedel and Craft’s 
method, as desenbed below, by the action of 
fert-butyl bromide on toluene m the presence of 
aluminium chJonde ButyJbenzene, ethylben- 
zene, and xylene are formed at the same time. 

An unsymmetrical butylcresol is formed 
by adding butyl alcohol and zme chloride to 
m-creeol. When cthenfied and nitrated, it 
possesses the odour of civet (A. Baur, JSCI. 
1892, 11, 307; Dingl. poly. J. 1889, 273, 522; 
J.SC.I. 1894, 13, 1218). 

Butylxylene may be prepared by passing a 
current of isobutj lene gas through a mixture of 
5 kilos, m-xylene, 50 g. isobutyl chloride, and 
200 g. aluminium cblonde at 10°. The product 
is washed with water, and the fraction of tie 
oil boiling at 200 B -30 2° collected. Gaseous 
hj drogen chloride and hydrogen bromide may be 
employed to start the reaction (A.-G. fur Amlin- 
Fabr., F.P 372603). 

Butyl Ethers, (C 4 H 9 ) 3 0. 

1. Normal butyl ether 1 b.p. 140 5® at 741 5mm. 
(Lieben and Rossi, Annalen, 1873, 165, 110); 
sp gr. 0 784 at 0°, 0-7685 at 20® (L. and R ), 
0 7865 at 0® (Dobriner, Annalen, 1888, 243. 8) 
It may be prepared by the action of the sodium 
derivative of the alcohol upon n-butyl bromide 
(Reboul, Compt. rend. 1889, 108, 39); or in 
quantity by heating butyl alcohol with 10-15% 
of its weight of sulphuric acid and distuim? 
slowly (Popelier, Bull. Soc. chim. Belg. 1923, 
32, 139) ; Senderens (Compt. rend. 1925, 181. 
698), however, advocates the use of 25% of 
sulphuric acid. 

The use of this ether in Grignard reactioM, 
particularly if an elevated temperature is desired, 
has been recommended by Gilman (J. Amer. 
Chem. Soc. 1928, 50, 2810). 

2. isoButyl ether [(CH^CH CHJjO; bp 
122°-122 5° ; sp gr. 0 7616 at 15°. From t»- 
butyl bromide and sodium uobutylate. TW 
action of isobutyl iodide upon potassium iso- 
butylate — which, according to Wurtz, yields tW 
ether — really gives a mixture of diwobutylen 



BUTYL. 


175 


and isobutyl alcohol (Reboul, Compt. rend. 1889, 
108, 162). 

3. Secondary butyl ether, 

[CjHj-CH (CH 3 )] 2 0 ; 

b.p. 120‘ > -121° ; sp.gr. 0-756 at 21°. From 
ethylidene chlorhydrin, and zinc ethyl (Kessel, 
Annalen, 1875, 175, 50). Formed in mere 
traces only by the action of secondary butyl 
bromido upon the sodium derivative of the 
secondary alcohol (Reboul, l.c.). Reboul ob- 
tained also the following mixed ethers : 

sec-Butyl isobutyl ether ; b.p. 121°-122° ; 
sp.gr. 0-7652 at 21°; 

n-Butyl isobutyl ether ; b.p. 131-5° ; sp.gr. 
0-763 at 15-5°; 

n -Butyl ace-butyl ether; b.p. 131°; sp.gr. 

0- 7687 at 15° ; 

n-Butyl (erf- butyl ether ; b.p. 124° ; but could 
not obtain the secondary tertiary, and the 
ditertiary ethers (Bull. Soc. chim. 1889, [iii], 
2,25). 

Butyl sulphides. 

1. Normal butyl sulphide, 

(CH 3 -[CH 2 ] 3 ) 2 S ; 

b.p. 182° ; sp.gr. 0-8523 at 0° (Saytzeff, Annalen, 
1874, 171, 253). From butyl iodide and potas- 
sium sulphide. Gray and Gutekunst ( J. Amer. 
Chem. Soo. 1920, 42, 856) heat a mixture of 
butyl alcohol and 20% oleum, neutralise 
the cooled product, and then distill with 
Bodium sulphide. A mixture of n.-butyl sulphide 
and mercaptan is produced, the former pre- 
dominating. Fuming nitric acid yields the 
sulphone (C 4 H 9 ) 2 S0 2 , (m.p. 43-5°) (Grabowsky, 
Annalen, 1875, 175, 348). Nitric acid of sp.gr. 

1- 3 converts it into the oxide (C 4 H 9 ) 2 SO, 
melting at 32°. 

n -Butyl Sulphone has also been prepared by 
oxidation of the sulphoxide obtained by the 
action of thionyl chloride on butyl magnesium 
bromide (Bert, Compt. rend. 1924, 178, 1826). 

2. isoBulyl sulphide [(CH 3 ) 2 CH-CH 2 ] 2 S ; 
b.p. 172°-173° at 747 mm. (Grabowsky and Sayt- 
zeff, Annalen, 1874, 171, 254), 170-5° at 752 mm. 
(Beckmann, J. pr. Chem. 1878, [ii], 17, 445) ; 
sp.gr. 0-8363 at 10° (B.). It is oxidised to 
the sulphone by action of alkaline hypochlorite 
solution (Birch and Norris, J.C.S. 1925, 127, 
1934). 

isoBulyl disulphide, (C 4 H 8 ) 2 S 2 ; b.p. 220° 
(Spring and Legros, Ber. 1S82, 15, 1940). 

3. Secondary butyl sulphide, 

(CH 3 -CH-C 2 H 5 ) 2 S ; 

b.p. 165°; sp.gr. 0-8317 at 23° (Reymann, Ber. 
1874, 7, 1288). 

n-Butyl Telluride, (C 4 H 9 ) 2 Te, has been pre- 
pared by Burstall and Sugden (J.C.S. 1930, 
229). Its properties are fully described. 

n-Butyl di-Selenide, (C 4 H 9 ) 2 Se 2 ,b.p. 129°- 
130°/13 mm., has been prepared by Backer and 
van Dam (Rec. Tray. chim. 1935, 54, 531). 

Butyl thiocarbimides. Butyl mustard oils ; 
isothiocynnates. 

1. Normal butyl thiocarbimide, 

(C 4 H 9 )NCS; 

b.p, 167°. Fromn-butylamine, carbon disulphide, 
and alcohol (Hofmann, Ber. 1874, 7, 512). 


2. iso Butyl thiocarbimide, 

(CH 3 ) 2 CH-CH 2 -NCS ; 

b.p. 162° ; sp.gr. 0-9638 at 14° (Hofmann, Ber. 
1874, 7, 511). 

3. Secondary butyl thiocarbimide,- 

C 2 H 5 -CH(CH 3 )NCS ; 

b.p. 159-5° ; sp.gr. 0-944 at 12°. Occurs in the 
ethereal oil from spoonwort (Cochlearia offici- 
nalis) (Hofmann, Ber. 1869, 2, 102 ; 1874, 7, 
512). 

4. Tertiary butyl thiocarbimide, 

(CH 3 ) 3 C-NCS ; 

m.p. 10-5°; b.p. 140° at 770-3 mm.; sp.gr. 
0-9187 at 10°, 0-9003 at 34° (Rudnew, Bull. Soc. 
chim. 1880, [ii], 33, 300). Has a pleasant aro- 
matic odour. 

Butylahtnes. 

1. Monobutylamines. 

(a) Normal butylamine, a-aminobutane, 

CH 3 -CH 2 -CH 2 -CH 2 -NH 2 ; 

b.p. 75-5° at 740 mm. (Lieben and Rossi, Annalen, 
1871, 158, 172) ; sp.gr. 0-7553 at 0°, 0-7333 at 
26° (L. and R.), 0-7401 at 20° (Linnemann and 
Zotta, Annalen, 1872, 162, 3). Formed by the 
action of potassium hydroxido upon butyl 
cyanate (Lieben and Rossi) ; also from propyl 
cyanide by action of zinc and sulphuric acid 
(Linnemann and Zotta, Annalen, 1872, 162, 
3), or from nitrobutane by action of tin and 
hydrochloric acid (Ziiblin, Ber. 1877, 10, 2083). 
It can be prepared from the alky] halide and 
saturated ethyl alcoholic ammonia (Werner, 
J.C.S. 1919, 115, 1010). It is miscible with 
water, and reduces copper, silver, and mercury 
solutions in presence of alkalis. The chloride 
forms a yellow crystalline compound with 
PtCI 4 , which is almost insoluble in cold water. 
The degradation by nitrous acid has been 
investigated by Whitmore and Langlois (J. 
Amer. Chem. Soc. 1932, 54, 3441) who found 
in addition to n- and sec-butyl alcohols, 36% 
of butenes. 

(b) isoBulylamine, a-amino-fi-melhylpropane, 

(CH 3 ) 2 CH-CH 2 -NH 2 ; b.p. 68° (Schiff, Ber. 
1886, 19, 565), 68°-09'° (Perkin, J.C.S. 1889, 55, 
694) ; sp.gr. 0-7357 at 55° (Linnemann, Annalen, 
1872, 162, 23), 0-7464 at 4°/4°, 0-7408 at 10°/10°, 
0-7363 at 15°/15 0 , 0-7283 at 25°/25° ; 1-39878 

(Bruhl, Z. physikal. Chem. 1895, 16, 214). From 
isobutyl cyanate and potash (Linnemann, 
Annalen, 1872, 162, 23). From isobutyl iodide 
and ammonia (Hughes and Romer, Ber. 1874, 
7, 511); also from tsobutyl chloride and 
ammonia dissolved in water or tsobutyl alcohol, 
all three isobutylamines are produced, the 
trifsobutylamine in largest quantity. The bases 
can then be separated by means of ethyl 
oxalate. The product is first separated into two 
fractions, the one rich in the monoisobutylamine, 
the other rich in the di- and tri- compounds. 
To the former water and then ethyl oxalate are 
added ; the primary base is thus converted into 
tho oxamide C 2 0 2 (NH-C 4 H 9 ) 2 , which is almost 
insoluble in boiling water, the secondary 
amine being changed into the ethyl oxamate. 
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C,H s O CjOj-N (C 4 H,),. The other fraction 
(anhydrous) being poured into ethyl oxalate, the 
primary and secondary bases are converted into 
oxamates. The tertiary base 13 distilled off, and 
the oxamates aie saponified by heating with 
slaked lime. The calcium oxamates can be 
separated by crystallisation, the dusobutyloxa- 
mate being the more soluble in alcohol, from 
which it separates in slender silky needles 
(Malbot, Compt. rend. 1887, 104, 228). 

tsoBatjlanune can be produced by heating 
isobutyl alcohol with anunoniacal zinc chlonde 
to 260° (Merz and Gasiorowski, Ber. 1884, 17, 
624), or by the action of caustic potash (10% 
solution) upon a mixture of bromine and tao- 
valeramide (equal molecules) at 60° (Hofmann, 
Ber. 1882, 15, 769). 

uoButylamine mixes with water with contrac- 
tion of volume and development of heat. A 
mixture of equal volumes of water and isobutyl- 
aminehasaspgr of 09002 at 15715”, instead 
of the calc density 0 8681 (Perkin, J.C.S. 1889, 
55, C96). With absolute alcohol and the amine 
similar results were obtained, the sp gr. of a 
mixture of equal volumes being 0 791 at 15”/15”, 
instead of 0 7652, the calculated number. The 
phosphotungstate has been desci ib6d by Drum- 
mond (Eiochem J. 1918, 12, 5). 

(c) Secondary butylamine, 

C,H|-CH(NHs)*CH 3 ; 

b.p. 63°; epgr. 0 718 at 23” (Menschutkin, 
Chem. Zentr. 1898, i, 702). Formed by the 
action of potash upon secondary butyl cyanate, 
or of ammonia upon secondary butyl iodide 
(Hofmann, Ber. 1874, 7, 513). Also by theaction 
of dilute sulphuric acid upon secondary butyl 
mustard oil (Reymann, Ber. 1874, 7, 12S9). 

By the reduction of methyl ethyl ketoxime 
by hydrogen and finely divided nickel at 
100°-170°, secondary butylamine and di- 
secondary butylamine are produced. They are 
liquids, the latter boiling at 1327758 mm. and 
forming an oxalate melting at 104” (Mailhe, 
Compt. rend. 1005, 141, 113) 

Secondary butylamine has been separated 
into its optical antipodes by Thoiud /Bex- J0IKV 
36, 582) ; [a]™ +7-44" and-7 40”. 

( d ) Tertiary butylamine, (CH 3 ) 3 C NH t ; 
b.p. 45°; sp gr. 0 7137 at0°,0 7054 at 8”,0 6931 at 
15°(Rudnew, Bull. Soc Chun 18S0, [u] 33,297; 
J.C.S.). Formed in small quantity by the action 
of potash upon frobutyl cyanate (Linnemann, 
Annalen, 1872, 162, 10 ; Hofmann, Ber. 1874, 7, 
613). Also as a by-product in preparing tn- 
methyl acetic acid from trimetbyl caxbinol 
iodide and mercuric cyanide (Rudnew). 

2. Dibutylamines. 

(a) Di-normal butylamine, 

(CHj-CHjCHjCH^NH; 

bp. 160°. Formed in small quantities by the 
action of potash upon butyl cyanate (Lieben and 
Rossi, Annalen, 1871, 158, 175); also by the 
action of butyl chloride on ammonia (Berg, Ann. 
Chiro. Phys. 1894, (vu], 3. 294). The platim- 
chlonde forms yellow needles, almost insoluble 
in cold water. 


(6) Di-iso-tulyramine, 

[(CH^CH-CH^.NH; 
b.p. 139”-140” ; sp gr. 0 7577 at 4”/4”, 0 "491 at 
15715°, 0 7425 at 25°/25° (Perkin, J C.S. lSsJ, 
55, 697). Trom isobutyl bromide and alcoholic 
ammonia at 150° (Ladenburg, Ber. 1879, 
949) ; also from isobutyl alcohol and ammomaeal 
zinc chloride at 270° ( Merz and Gasiorowski, Ber. 
1884, 17, 627). The hydrochloride forms 
plates or leaflets easily soluble in alcohol sad 
water, slightly so in ether. The platinum com 
pound forms dark red prisms, soluble in water, 
alcohol, and ether (Malbot, Compt. rend 1887, 
104, 366). The nitrosamine, (C 4 H ( ) a N NO, 
is a disagreeably smelling oil; m.p. 0”; bp. 
213“-21G° (mth decomposition); obtained by 
the action of potassium nitrite upon the hydro- 
chloride (Ladenburg, Ber. 1879, 12, 949). 

(e) Di-lertiary butylamine, 

I(CH 3 ) s C]jNH ; 

produced as iodide when tertiary butyl iodide 
and tertiary butylamine are heated to 60°; it 
70” the mixture is decomposed, forming wo 
butylene and tertiary butylammomum iodide 
(Rudnew). The iodide is easily soluble in water 
or alcohol ; the aqueous solution evolves tertiary 
butylamine on heating. 

3. Tributylamines, 

(o) Trt-normal butylamine, (C 4 H 8 ) 3 N; bp. 
21 1°-215“ at 740 mm. j sp.gr. 0 791 at 0”, 0 7782 
at 20°, 0-7677 at 40°. From butyl cyanate and 
potash, together with the mono- and di- com 
pounds. With butyl iodide it forms tetrabutyl 
ammonium iodide, N(C«H,) 4 1, which crystal- 
lises in small plates (Lieben and Rossi, Annalen, 
1873, 165, 115) Also formed by the action of 
ammonia on butyl chloride ; b p. 216 5° (Berg, 
Ann Chim. Phys. 1894, [vnj, 3, 299). 

(6) Tri-iso butylamine (C 4 H # ) 3 N; bp. 177- 
180° (Renner, Ber. 1870, 3, 757); 184°-18C” 
(Sachtleben, Ber. 1878, 11, 733). Sp gr. 0 783 st 
21° (S.). From difrobutylamine and frobutyl 
bromido (R.). From the alcohol and ammoniacal 
zme chloride at 270” (Merz and Gasiorowski, 
Ber. 1884, 17, 627); also from frobutyl iodide 
and aqueous ammonia at 1G0” (Malbot, Compt. 
rend. 1887, 105, 574). Is not miscible with water. 
Forms salts -with hydrochloric, nitric, and 
sulphuric acids, winch aro extremely soluble 
and crystalliso with difficulty. The platim 
chlonde forms largo ruby-red crystals (Malbot, 
Compt. rend. 1887, 104, 366). 

Tributyl Phosphine. Tri-n-butyl phos- 
phine, b.p. 149®-150°/50 mm. has been pre 
pared by the action of phosphorus trichloride on 
butyl magnesium bromide (Davies and Jones, 
J.C.S. 1929, 133, 1262). 

Buttlenes. 

Three isomeric butylenes are possible and all 
are known. 

Many methods of obtaining them by cfl * a VT 
dehydration of the alcohols ha\e been described 
Brown and Reid ( J. Physical Chern. 1 924, 28, 10a i) 
obtained the bestyield using a mixtureofalamina 
and blue oxide of tungsten, while Lazier w 
Adkins (J. Amer. Chem. Soc. 1925, 47, 17l»< 
1920, 48, 1671) prefer a mixture of alumina 
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and zinc oxide. Matignon, Moureu, and Dode 
(Bull. Soc. chim. 1935, [v], 2, 1169) have shown 
that butyl alcohol when dehydrated with 
highly pure alumina yields a-butene, while if 
a trace of impurity is present the /3-isomeridc is 
produced. 

Mailhe has shown (1932, A, 250) that when 
butylenes are passed over silica heated to 050°- 
700° a mixture of licpiid unsaturated and 
aromatic hydrocarbons is produced. The ozono- 
lysis in methyl chloride at —90° has been 
investigated by Briner and Meier (Helv. Chim. 
Acta, 1929, 12, 529). 

1. Normal (a)-butylene. Ethyl ethylene, 

CH 3 -CH 2 -CH:CH 2 ; 

b.p. -5°. 

Formation . — From normal butyl iodide and 
alcoholic potash (Say tzeff, J. pr. Chem. 1871, [ii], 
3, 88; Grabowsky and Say tzeff, Annalen, 1875, 
179, 330). From bromethylene and zinc-ethyl 
(Wurtz, Annalen, 1867, 152, 21), together with 
butyl alcohol. From normal butylamine and 
nitrous acicl (V. Meyer, Ber. 1877, 10, 136). Pre- 
pared by digesting on the water-bath 100 g. 
normal butyl iodide, 200 g. potash, and 150 g. 
alcohol (90%) (S.). Coffin and Maass (J. Amer. 
Chem. Soc. 1928, 50, 1427) have made a com- 
parison of the physical properties of the gas 
prepared in this way and that prepared following 
the method of King (J.C.S. 1919, 115, 1404) 
using butyl alcohol and phosphoric acid. It has 
also been prepared from allyl bromide and 
magnesium methyl bromide (Lucas and Dillon, 
J. Amcr. Chem. Soc. 1928, 50, 1460). 

a-Butylene is a gas at ordinary temperatures, 
which combines readily with hydriodic acid to 
form secondary butyl iodide ; and with 
hypochlorous acid to form chloromethylethyl 
carbinol, EtCH (OH)CH 2 Cl. Passed over 
copper heated to redness forms butadiene, 
CH 2 '.CH CH:CH 2 , which may be polymerised 
to rubber by means of metallic sodium (B.P. 
9722, 1911). It is sparingly soluble in con- 
centrated sulphuric acid. 

2. fl-Butylene. Symmetrical dimelhylethyl- 
ene, CH 3 -CH:CH-CH 3 ; b.p. 1° at 741-4 mm. 
(Lieben, Annalen, 1869, 150, 108) ; sp.gr. 0-635 at 
-13-50 (Puchot, Bull. Soc. chim. 1878, [ii], 30, 
188). Formed by the action of potash upon 
secondary butyl iodide (Luynes, Annalen, 
1864, 129, 200 ; Lieben). Together with 
tsobutylene by dropping iso- or normal 
butyl alcohol upon strongly heated zinc chloride 
(Ncvol6, Bull. Soc. chim. 1875, [ii], 24, 122; Le 
Bel and Greene, Amer. Chem. J. 1880-1881, 2 
23). From trithioaldehyde(C 2 H 4 S) 3 and copper 
(Eltekow, Ber. 1877, 10, 1904). By heating a 
mixture of methyl iodide and allyl iodide with 
sodium (Wurtz, Annalen, 1867, 144, 235). 

Preparation . — isoButyl alcohol is allowed to 
drop upon heated zinc chloride, and the evolved 
gas is led into sulphuric acid diluted with half 
its volume of water ; this retains the tsobutylene. 
The unabsorbed gas is led into bromine, and is 
again liberated by action of sodium (Le Bel and 
Greene, Bull. Soc. chim.' 1878, [2], 29, 306). 
More recently Read and Prisley (J-. Amer. Chem. 
Soc. 1924, 46, 1512) have prepared it bv the 
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following series of reactions : isobutyl alcohol 
(1 kg.) is passed over a catalyst of lump pumice 
and alumina heated in a glass tube to 450°-475°. 
The issuing gas is absorbed in kerosene and re- 
liydrated with 50% sulphuric acid when 550- 
580 g. trimethyl carbinol arc obtained. This is 
then dehydrated in a similar way and yields 
225-250 g. of almost pure ^-butylene. Two 
stereoisomeric modifications from tiglic and 
angelic acids respectively have been described 
(Wislicenus, Annalen, 1900, 313, 228). 

j3-Butylene combines with bromine to form a 
dibromide boiling at 156°— 158°. This compound, 
by the action of potash, forms monobromo- 
pseudobutylene, CH 3 -CBr:CH-CH 3 ; b.p. 
87°-88° (Holz, Annalen, 1889, 250, 230). Chlorine 
forms a dichloride ; b.p. 112°-114° (Chechoukow 
(Seheschukoff), Bull. Soc. chim." 1885, [ii], 43, 
127). 

3. y-Butylene. isoButylene, unsymmelrical 
dimethylethylene, (CH 3 ) 2 C:CH 2 ; b.p. —6° 
(Butlerow, Z. Chem. 1870, 236) ; m.p. -146-8° ; 
b.p. —6-6° (Coffin and Maass, Trans. Roy. Soc. 
Can. 1927, [iii], 21, III, 33). Liquefied by a 
pressure of 2-21 atmospheres at l5°-18°. Is 
produced by the dry distillation of fats (Faraday, 
Phil. Trans. 1825, 115, 440); by heating the 
vapour of fusel oil to redness (Wurtz, Annalen, 
1857, 104, 249), together with ethylene and 
ethane; also from light petroleum, “ ligroin ” 
(b.p. 60°-90°) (Prunier, Jahresber. 1873, 347) ; 
from iso- or ierl-butyl iodide and alcoholic 
potash (Butlerow, Annalen, 1867, 144, 19) ; by 
heating trimethyl carbinol and dilute sulphuric 
acid (1 vol. H 2 S0 4 to.2 vols. water) (Butlerow) ; 
from isobutyl alcohol and zinc chloride though in 
very small quantity (Nevole, Bull. Soc. chim. 
1875, [ii], 24, 122). 

Preparation. — (1) 5 parts of isobutyl alcohol, 
5 parts sulphuric acid, 1 part of water and sand 
are heated together (Lermoutow, Annalen, 
1879, 196, 117). (2) Puchot’s method (Ann. 

Chim. Phys. 1883, [5], 28, 508) of heating iso- 
butyl alcohol with a mixture of sulphuric acid, 
potassium sulphate, and gypsum gives a mixture 
of pseudo- and iso butylene. (3) A mixture of 2 
parts of caustic potash and 3 parts of alcohol 
(90%) is slowly added to 2 parts of isobutyl 
iodide and gently warmed (Butlerow, Z. 
Chem. 1870, 238). Butylene is a gas, with 
unpleasant smell, slightly soluble in water and 
readily soluble in sulphuric acid; combines with 
hydriodic acid to form ieri- butyl iodide. A 
mixture of three parts of sulphuric acid and 1 
part of water completely absorbs the gas ; on 
distilling the diluted solution trimethyl carbinol 
is evolved. It forms a mercury compound, 
C 4 H 8 (HgN0 3 )(Hg 2 N0 3 ), (Denigfes, Compt. 
rend. 1898, 126, 1043). Oxidising agents — e.g. 
potassium permanganate — form carbon dioxide, 
formic and acetic acids, and oxalic acid (and in 
the case of chromium trioxide, acetone) (Zeidler, 
Annalen, 1879, 197, 251)., By the action of a 
mixture of 5 parts sulphuric acid and 1 part of 
water forms dodeCylene (triisobutylene), C 12 H 24 ; 
b.p. 177-5 c '-178-5° ; sp.gr. 0-774 at 0° (Butlerow, 
Ber. 1873, 6, 561). 

Butylene Alcohol v. Butylene glycols. 

Butylene Dibromides. 

1. Normal butylene dibromide, aB-dibrombutane, 
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CHj-CHj-CH Br*CH 3 Br ; b.p. i65 6®-166°; 
Bp.gr. 1-876 at 0° (Wurtz, Annalen, 1869, 

152, 23), 1*8503 at 0'“, 1*820-1 at 20®/0° (Gra- 


bawsky and Saytzeff, Annalen, 187o, 179, 332). 
Formed from a-butylene and bromine (Wurtz) ; 
from normal butyl bromide and bromine at 150® 
(lannemann, Annalen, 1872, 161, 199). Gives 
a-butylene by action of sodium. 

2. B-Butylene dibromide, fiy-dibrombulane, 
CH 3 *CHBr-CHBrCH 3 ; bp. 158°; spgr. 
1-821 at 0°. Formed from /1-butylene and brom- 
ine (Wurtz, Annalen, 1867, 144, 236), or by beat- 
ing a- or 8 brombutane with iron and bromine 
(V. Meyer and Muller, J. pr. Chem. 1892, [n], 
46, 180). Decomposed by heating to 140° 
with water and lead oxide forming lead bromide 
and methyl ethyl ketone (Eltekow, Chem. Soc. 
Abstr. 1879, 34). 

3. isoButylene dibromide, afl-dibrom-fS-methyl 
propane, (CH a )jCBr CHjBr ; b.p. 148°-149° 
nt 737 mm.; spgr. 1-798 at 14° (Linnemann, 
Annalen, 1872. 162. 36.1. b.p. 149 6° fcorr.) 
(Thorpe), sp.gr. 1-7434 15°/15° (Perkin). From 
isobutylene and bromine (L. ; also Wurtz, 
Annalen, 1857, 104, 249; Hell and Rothberg, 
Ber. 1889, 22, 1737). By heating with water to 
150® isobutyraldehyde and isobutylene glycol 
are formed. 

4. Tetramelhylenedibromtde, a8 dibrombutane, 
CHjBr-CHj-CHj’CHj-Br , boils at I88°-190° 
(Gustavson and Demjanoff, J. pr. Chem. 1889, 
[2], 39, 543). (See also H&mscourt, Compt. 
rend. 1901, 132, 345). 

5. pp-Dibrombulane, CH a -CBr 2 -CH 2 CH S ; 
boils at 144°-145° (Holz, Annalen, 1889, 250, 
232). 

6 . ay- Dibrombutane, 

CHjBrCH 2 *CH 2 BrCH 3 ; 
boils at I74®-I76® (Perkin, J.C.S, 1894, 65, 
963). 

Butylene Cyanide. 

iso Butylene dieyamde (dimethyl succmomtnle), \ 
CN C(CH a ) 2 -CH 2 -CN ; bp. 218®-220®, pre 
pared by treating an aqueous alcoholic solution of 
potassium cyanide with y butylene bromide, and | 
allowing the mixture to stand for a fortnight. | 
A colourless ad, moderately soluble in water 
Heated to 150® with strong hydrochloric acid, it i 
is decomposed into ammonia and dimethyl 
succinic acid (Hell and itothberg, Ber. 1889, * 
22, 1737). 

Butylene Glycolchlorhydrin, 0-chloro- 
isobutylalcohol, (CH 3 ) 2 CC1 CH,-OH. From 
isobutylene and hypochJorous acid (Butlerow, \ 
Annalen, 1867, 144, 25). Soluble in large 
excess of water. Set also Michael and Leighton 
(Ber. 1906, 39, 2157). 

/J-Chloroisobutyl alcohol is also formed by the 
union of hydrogen chloride with isobutylene 
oxide, which results from the action of dry 
powdered potassium hydroxide on chloro 
trimethyl carbinol. ,The last may be prepared 
from magnesium methyl bromide, chloro- 
ucetone or ethyl chloroacetate. /J-chlorowo- 1 
butyl alcohol boils at 132®-133®. It forms a 
nitrate by the action of concentrated sulphuric 
and mtnc acids, C(Me) 2 CI-CH 2 O-N0 2 , and a 
nitrite, C (Me) 2 Cl CH f O-NO,with nitrous acid, 
which distingmshesitfrom the isomeric chlorotn- 


rnethyl carbinol (L. Henry, Compt. rend. 1906, 
142, 493). 

The bromokydrin, b.p. 66®~58®/Il mm„ has 
been prepared by De Montmollm and Matile 
(Helv. Chim. Acta, 1924, 7, 106). 

Butylene Diamines. 

General methods of preparation and charac- 
terisation have recently been described by 
Strack and Fanselow (Z. physiol. Chem. 1929. 
180, 153). 

1. Tetrametkylenediamine (puiracine), aS- 
diamjnobutane, 

NHjCHjCHjCHj-CHj-NHj, 

occurs in urine and fasces in cases of cystinuria, 
and also arises during the putrefaction of her- 
rings. It is prepared by reducing an alcoholic 
solution 0 f dicyanoethylene with sodium (Laden- 
burg, Ber. 1886, 19, 780; Lellmann and Wurth- 
ner, Annalen, 1 885, 228, 229) ; or in a similar 
manner from succinaldehyde dioxime (Ciamieian 
and ZanetU, Ber. 1889, 22, 1968, 1970). Colour- 
less crystals melting at 27®-28® (C.Z.) and 
boding at 158°-160®. Smells like piperidine. 
It is strongly basic, readily absorbs C0 2 , 
and forms a well-defined dihydrochloride, aun- 
chloride and platinichloride. The picrolonate 
is of some physiological importance (Otori, 
Chem. Soc. Abstr. 1905, ii, 126). 

Wdlst&tter and Heubner have prepared the 
tetramethy 1 derivative of tetramethylene diamine, 
and the biquaternary hexamethylammomum 
salt corresponding to it (Ber. 1907, 40, 
3871,3874). 

2. DimelhylethyUnediamtne, Bydiamtno- 
butane, CH 3 *CHNH 2 CHNH 2 CH V has been 
prepared by Angeli (Ber. 1890, 23, 1358). 

/so-Butylacetic Acid c. Caproic Acid. 

Butyl Chloral v. Chloral. 

Butyl-lactinic Acid v. Hydboxybotyric 
Acidr. 

Butylene glycols. 

1- Normal-a butylene glycol, ap-dihydroxy- 
butant, CH,CH 2 CH(OH)‘CH 2 *OH; b.p. 
191°-'192° at 747-1 mm. ; up gr. 1*0189 at 0®/0°, 
1 005g at 17-5®/0® ; from normal butylene di- 
bromide (Saytzeff and Grabowsky, Annalen, 
1875, 179, 332). The diacetate, b p. 196°-199°, 
has been prepared from the bromide and 
potassium acetate (De Montmollm and Matile, 
tc.). 

2. formal ft-bulylene glycol, ay dikydroxybutate, 
CH 3 -CH(0H) CH 3 CH 4 0H ; b.p. 203 5®-204° 
(Kekuli, Annalen, 1872, 162, 310); spgr- 
1-0259 (Wurtz, Jahresber. 1873, 474; Bull. Soc, 
cbim, 1884, [a], 41, 362). Produced in small 
quantity by the reduction of dilute aqueous 
solution of aldehyde by sodium-amalgam (K,). 
Prepared from /i-oxybutyric aldehyde by 
reduction with sodium amalgam (W.). 

3. Symmetrical dimethylethylene glycol, fly 

dthyiroxybutane, CH 3 *CH(OH)CH(OH)CH 3 ; 
b p. 183°-184®. Formed by heating for 6 or 7 
hour% j -vol. of symmetrical dimethylethylene 
oxide, C.HgO, with 3 vols. of water to 100® 
(Eltekow, Chem. Soc. Abstr. 1883, 44, 566). , 

4. Tetramethylene glycol, a8 dihydroxybulane, 
OH*(CHj) 4 OH ; boils at 235® (Boeseken, Bee. 
trav. chim. 1915, 34, 100). 

5- A butylene glycol, differing fiom the above, 
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boiling at 183M84 0 ; has also been prepared by 
Wurtz (Ann. China. Phys. 1859, [iii], 55, 452) ; 
sp.gr. 1‘048 at 0°. 

6. isoBulylene glycol, afl-dHiydroxy-a-metiiyl- 
propane, (CH 8 ) 2 C(OH)CH 2 -OH ; b.p. 176°- 
178° ; sp.gr. 1-0129 at 0°, 1-003 at 20°. Pro- 
duced by the fermentation of sugar ih presence 
of tartaric acid (Henninger and Sanson, Compt. 
rend. 1888, 106, 208). Formed by heating iso- 
butylene bromide with potassium carbonate and 
water (Nevole, Bull. Soc. chim. 1877, [2], 27, 
63) ,- also by oxidation of isobutylene by means 
of potassium permanganate in neutral aqueous 
solution (Wagner, Ber. 1888, 21, 1232). 

7. a-Methyl propanediol, 


OH-CH 2 -CH(CH 3 )-CH 2 -OH, 

b.p. 214°-214-5°/771 mm. (Faworski, Annalen, 
1907, 354, 356). 

Butylene Diiodide, ay-diiodobutane. 


CH 3 -CHI-CH 2 -CH 2 I ; 

sp.gr. 2-291. From ^-butylene glycol and 
hydriodic acid (Wurtz, Compt. rend. 1883, 97, 
473). 

/soButylene Dinitrite, C 4 H 8 (N0 2 ) 2 . By 
treatment of isobutylene with concentrated 
nitric acid (Haitinger, Monatsh. 1881, 2, 287). 
Forms a crystalline mass. Probably the same 
body was obtained by Beilstein' and Kurbatow 
(Ber. 1881, 14, 1621) by treating the petroleum 
of Tiflis (b.p. 40°-60°) with nitric acid (sp.gr. 
1-52). It formed needles which melted at 96°. 
They were insoluble in water but soluble in 
alcohol ahd ether. 

Butylene Oxides. C 4 H g O. 

y° 

1. n -Butylene oxide, CH 3 -CH 2 -CH — CH, 
b.p. 58-5 -59°, has been prepared from the 
bromohydrin and alkali (Do Montmollin and 
Matile, Helv. Chim. Acta, 1924, 7, 106). 

/°\ 

2. iso Butylene oxide, (CH 3 ) 2 C CH 2 ; 

b.p. 61°-52° ; sp.gr. 0-8311 at0°. From the chlor- 
hydrin, C 4 H 0 OCi, and potash (Eltekow, J.C.S. 
1883, 44, 666). 

3. s-Dimelhylelhylene oxide, 

/°\ 

CH 3 -CH-CH-CH 3 ; 

b.p. 56°-57° ; sp.gr. 0-8344 at 0°. Formed from 
tho chlorhydrin (prepared from the symmetrical 
dimethylethylene and hypochlorous acid) and 
potash (Eltekow, l.c.). E. G. N. 

/so, sec-, tert- B U T Y L C A R B I N O L v. Amyl. 
BUTYL CARBITOL. Mono-rc-butyl ether 
of diethylene glycol. Wetting out agent. 

BUTYL CELLOSOLVE, Mono-n-butyl 
ether of ethylene glycol. Nitrocellulose solvent 
and wetting out agent. 

BUTYLCHLORAL HYDRATE, croton- 
chloral hydrate, aafi-i rich lorob ulylidene glycol, 

CH 3 -CHCI-CC1 2 -CH (OH),, 

m.p. 78°. Sedative. Hypnotic, 

BUTYN, y-di-n-butylaminopropyl p - amino- 
benzoate, local anaesthetic. (Abbott, Chicago ; 
Pharmaceutical Products, London.) B.P.C. 


BUTYRIC ACIDS, C 3 H 7 -COOH. 

Normal Butyric Acid, 

CH 3 -CH 2 -CH 2 -COOH. 

Occurrence . — In ordinary butter in combina- 
tion with glycerol to the extent of about 3% ; in 
the fruits of Heradeum. giganteum and of 
Paslinaca saliva as hexyl butyrate and octyl 
butyrate respectively ; also in the oil of Eucalyp- 
tus Perriniana as a n-butyl butyrate (Smith, J . 
Roy. Soc. New South Wales, 1914, 48,. 464)., 
Butyric acid is also found in flesh juice, and is 
frequently a product of fermentation processes. 

Preparation. — (1) Butyric acid is a frequent 
product of the oxidation of organic substances, 
such as albumen, fibrin, and casein — with 
manganese dioxide and sulphuric acid (Guckel- 
berger, Annalen, 1847, 64, 68). 

(2) All amylaceous and saccharine substances 
that yield lactic acid on fermentation with 
Bacillus acidi lactici can undergo a further 
fermentation with Bacillus bulyricus to yield 
n - butyric acid. This fact is made use of in 
the preparation of the acid. 

Manufacture . — A 6-10% sugar solution is 
prepared from molasses or by mashing potato, 
maize or rice starch with malt; to this is added 
some nitrogenous nutrient medium (extract of 
malt or wheat, ammonium tartrate or phos- 
phate), the solution iB boiled and allowed to 
cool to the optimum temperature for fermenta- 
tion by a vigorously growing bacterial culture 
which is added to it from a neighbouring vat. 
B. bulyricus or a similar organism or a mixed 
culture is employed. Chalk is added to maintain 
neutrality during the fermentation, which goes 
on for about 9 days, while large volumes of H 
and C0 2 are evolved. The liquid is then 
filtered, concentrated, and the calcium butyrate 
which separates dried and distilled in vacuo 
with sulphuric acid, the distillate is purified by 
fractionation. Weizmann and Spiers in B.P. 
164366, 3/6/18, claim a 13% yield of butyric 
acid from maize. Lefranc et Cie. in B.P. 186572, 
2/2/22, describe the saccharification of wood 
(100 kg.) with subsequent fermentation to 
butyric acid (9-9-5 kg). On a laboratory 
scale, Heiduscbka and Reymann (Pharm. 
Zentr. 1929, 70, 87) fermented a 5% dextrose 
solution with an Amylobacter at 37° and obtained 
56-3% of the theoretical yield of butyric acid. 

(3) n-Butyric acid has been prepared by 
synthetical methods by Frankland and Duppa 
(Annalen, 1866, 138, 218), and by Geuther and 
Frolich (ibid. 1880, 202, 306). From n-butalde- 
hyde by vapour-phase oxidation without and 
with a catalyst respectively (Carbide and Carbon 
Chemicals Corp., U.S.P. 1599737; Adam and 
Legg, B.P. 173004) ; with a colloidal solution of 
manganese butyrate as a catalyst (Comml. 
Solvents Corp., Canad. P. 249868). 

Properties . — Butyric acid is a colourless 
liquid, having an odour resembling that of 
rancid butter, and a sour burning taste ; m.p. 
—4-65° to -4-70° (English and Turner, J.C.S.1916, 
107, 779); b.p. 162°; sp.gr. 0-9670 at 15715° 
and 0-9590 at 20°/4° (Perkin, J.C.S. 1884, 45, 
483); r£° 1-39906. 

It is miscible with water, alcohol and ether in 
all proportions, and from its aqueous solution 
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ft can be separated by addition of calcium 
chloride. The acid is inflammable, and bums 
with a blue flame. Prolonged oxidation with 
nitric acid converts it into succinic acid. Among 
the products ot electrolysis of potassium n- 
butyrate (F. Fichter and A. Burgin, Helv. Chim. 
Acta, 1031, 14, 00) is wopropjl alcohol; the 
intermediate formation of dibutyryl peroxide 
(Pr COO)i, decomposing to gi\e prop} lone, 
which with butjTic acid gives tsoprapyl butyrate, 
is postulated to account for thu unusual reaction 

Sails . — The metallic salts of n-butyric acid 
arc generally soluble m water, and are crystalline. 
NaB and KB crystallise in indistinct nodules. 
Ag*B crystallises in needles or monoclinic prisms, 
100 parts of water at 14° dissolve 0 5 parts 
(Lmneman and Zolta, Annalen, 1872, 161, 177, 
Grimzweig, Annaler, 1872, 162, 203). 

MgB t ,6H,0 crystallises in very soluble 
scales (Fclouze and G41is, Annalen, 1843, 47, 
249). BaB,,4H 5 0 crystallines in nacreous 
scales, I part dissolving m 2-48 parts of water at 
14® (Lmneman and Zolta). CaB,.H 2 0 crystal- 
lises in rhombic pnsms, 100 parts of water at 0° 
dissolve 19 4 parts (Hecht, Annalen, 1SS2, 213, 
72), at 60°, 15 01 parts ZnB..2H t O forms 
monodinic pnsms, 100 parts of water at 16® 
dissolve 10 7 parts of the crystallised salt 
(Griinzweig), CuB ir HjO crystallises in tri 
clinic forms (Alth, Annalen, 1854, 91, 176), and 
CuB,,2H.O in monoclinic forms (Pelouze and 
G4Iis). 

ButjTic acid occurs widely in wines and food- 
stuffs. Its estimation usually involves separa- 
tion from acetic and propionic acids. Details 
for its estimation m wine are given by 
March and Fortelc (J C S 1890, 58, 1344) : 
500 c c. of the solution is distilled to a bulk of 
125 cc., diluted to tho original volume, and 
again distilled till only 125 c.c remains. This is 
repeated four times in all. Tho total acid in the 
distillate is estimated with baryta It is evapo- 
rated down, until it solidifies on cooling. The 
barium butyrate is then extracted with absolute 
alcohol (10 parts), and the aqueous solution of 
the separated salts treated with sulphuric acid 
and steam distilled, the acid in the distillate 
being subsequently titrated. 

The detection and estimation of n butyric 
acid in foods is discussed by Grossfeld and 
Battay (Z. Unters. Lebensm 1931, 01. 129); 
and by Vjrtnnen (Z. anal, Chem. 1928, 74, 321), 
The separation of formic, acetic, propionic and 
butyric acids is dealt with by Willcox (Chem. 
Soc. Proc. 1895, 202); Luck (Z. anal. Chem. 
1870. 10, 185) ; Haberland (i&uf 1699, 38. 217) ; 
Sfuspratt (J .6 C.I. 1900, 19. 201) ; FyJeman 
( J.S C.I. 1924, 43, 142T) ; Oabnm and Werhmann 
find Eng. Chem. (Anal.), 1931, 3, 264) 

It can be determined colon metrically by 
treating with cupric chloride and ammonium 
cblonde, shaking with chloroform and comparing 
with standards. Acetic and formic acids do not 
interfere (Aligeicr el at , J. Bact. 1929, 17, 79). 

Butyryl Chloride is obtained by treating 06 
parts of butync acid with 100 parts phosphorus 
trichloride (Burcker, Ann. Chim. Phys. 1882, [v], 
23, 463). B.p. 101 ° ! sp gr. 1 -0277 at 2374°. 


Butyric Anhydride .- — Prepared bj tho action 
of butyryl chloride on butyric acid (Linnemann, 
Annalen, 1872, 161, 179) or by the action of 
1 mol. acetic anhjdride on 2 raols. sodium 
butyrate (Michael, Ber. 1901, 34, 918). B p. 
193°, «jn * 0 978. 

Butyramtde. — Formed by beating dry 
ammonium butyrate (Hofmann, Ber. 1882, 15, 
932). Pnsms, mp. 115°, b pi. 210°. Readily 
soluble jn water. 
a-L'hlorobvtyric Acid, 

CH 3 -CH 2 CHCI COjH. 
is n thick liquid, soluble with difficulty in 
water (Markownikoiv, Annalen, 1870, 153, 241). 
B.p. 101°/ 15 mm. 
fi'Cklorobulync Acid, 

CHj-CHCl-CHj-COjH, 

Bfp 16°, bp 98 5°-99 5°/I2 mm. (Cloves, 
Annalen, 1901, 319, 360). 

Y'Chlorobulync Acid, 

CH t Cl CHj-CHj COjH, 
by treatment of y butyrolactone with dry hy- 
drogen chloride, m.p. 16°, b p. 1 15°-115 5°/13 mm. 
(Cloves. lc.). 
a Bromobutyric Acid . — 

CH 3 CH t CHBrCOjH. 

By brominating butync acid in tho presence of 
red phosphorus (Fischer, Ber, 1900, 33, 23S7). 
Colourless oil B.p. 128725 mm. Moderately 
soluble in water. 

P Bromobutyric Acid. — 

CH s -CHBrCH,CO a H. 

By treating crotomo acid with hydrogen 
bromide (Brul£, Bull. Soc. chun. 1909, [iv), 5, 
1010). M.p. 18°, b p. 122716 mm. 
y- Bromobutyric Acid . — 

CHjBrCHj-CHjCOjH, 

From y-butyrolactone and hydrogen bromido 
at 100° (Henry, Compt. rend. 1880, 102, 369). 
M.p. 33°. 

iiQButyric Acid, (CH,), CH COjH. 
Occurrence . — iaoButyric acid occurs in tho 
fruit of Ceratoma Sihqua (Grunzwmg, Annalen, 
1872, J62, 193), and in arnica root ( Arnica 
montana ) [Sigel, Annalen, 1873, 170, 348). 

Preparation . — isoButync acid i3 most readily 
prepared by the oxidation of isobutyl alcohol 
with acidifled potassium dichromatc. Pierro 
and Puchot(Ann. Chim. Phys. 1873, (iv], 28,306) 
give the follow mg details: isob utyl alcohol 
(300 parts) is mixed with water (1,500 parts) 
and Sulphuric acid (540 parts), and into tho well 
cooled mixture finely powdered potassium 
dichromate (400 parts) is gradually introduced. 
An ethereal layer separates, consisting of iso- 
butyl isobutyrate, which is saponified by excess 
alkah; the resulting salt being distilled with 
dilute sulphuric acid, and the aqueous acid 
purified by fractional distillation. Synthetical 
methods for preparing this acid have been 
described (Frankland and Duppa, Annalen. 
1866, 138, 337; and Markownihow, Annalen, 
1866. 138, 361). , , 

Properties . — iaoButyric acid resembles »• 
isomcride in appearance, but has a less dis- 
agreeable odour. It boils at 154 0° (core.) 
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(Thorpe and Rodger, Phil. Trans. 1894, A, 185, 
486); sp.gr. 0-9651 at 0° and 0-9503 at 20°; 

1-39300 (Briihl, Annalen, 1879, 200, 180). 
It dissolves in five times its volume of water. 

isoButyric acid has been detected among the 
products from the interaction of carbon mon- 
oxide and hydrogen at 370°-390°/400 atm. in pre- 
sence of an alkali catalyst (Strada, Giorn. Chim. 
Ind. Applicata. 1934, 16, 62). 

Salts. — The metallic salts of isobutyric acid 
are more soluble in water than those of the 
normal acid. AgEf crystallises in prisms; 
100 parts of water dissolve 0-93 part at 16° 
(Griinzweig, Annalen, 1872, 162, 210). MgB 2 
forms white scales. CaB 2 ,5H 2 0 forms mono- 
clinic crystals ; 100 parts of water at 15° 

dissolve 36 parts (Griinzweig, l.c.). SrB 2 ,5H 2 0 ; 
100 parts of water at 17° dissolve 44 parts. 
BaB 2 ,4H 2 0 forms monoclinic crystals (Fitz, 
Ber. 1880* 13, 1316). ZnB 2 ,H 2 0— 100 parts 

of water at 19° dissolve 17-3 parts (G.). PbB 2 
crystallises in rhombs and dissolves in 11 parts 
of water at 16°. 

isoButyryl chloride, prepared by treating iso- 
butyric acid with phosphorus trichloride and 
subsequently distilling (Reczei, Chem.-Ztg. 
1928, 52, 22) ; the use of silicon tetrachloride 
avoids tho contamination of the acid chloride 
with S and P compounds (Montonna, J. Amer. 
Chem. Soc. 1927, 49, 2114) ; boils at 92°; and 
has a sp.gr. 1-0174 at 20°/4° (Briihl, Annalen, 
1880, 203, 20). 

isoButyric anhydride, obtained by refluxing 
isobutyric acid with isobutyryl chloride for 12 
hours, and subsequently- fractionating the 
product. It boils at 181-5° at 734 mm., and has 
a sp.gr. 0-9574 at 16-5° (Tonnies and Staub, 
Ber. 1884,17, 850). 

iso Bulyramide, formed by heating ammonium 
isobutyrato ; melts at 128°-129° (Hofmann, Ber. 
1882, 15, 982). 

a-Chloroisobulyric acid, 

(CH 3 ) 2 CCI-C0 2 H, 

melts at 31° and boils at 118° (Henry, Bull. Soc. 
chim. 1870, [ii], 26, 24). 

a-Bromoisobutyric acid, 

(CH 3 ) 2 CBr-C0 2 H, 

prepared by treating isobutyric acid with brom- 
ine in the presence of red phosphorus (Volhard, 
Annalen, 1887, 242, 101). M.p. 48°, b.p. 200°. 

Butyric Esters. — These compounds are 
prepared in tho laboratory by tho action of 
butyric acid on the corresponding alcohols in 
the presence of some dehydrating agent such as 
Bulphuric acid, tho temperature being raised to 
complete tho reaction. Commercially they can 
bo made by vapour-phase esterification, the 
vapours of tho acid and of an alcohol being 
passed over a catalyst, such as titanium oxide ; 
with excess alcohol nearly theoretical yields 
nro obtained (J. Usines Gaz. 1924, 48, 17). 
Butyric esters are liquids which dissolve in 
alcohol and ether in all proportions,- but arc 
only sparingly solublo in water. Esters of iso- 
butyric acid, especially with glycols, are used 
in perfumery and for flavouring (U.S.B. 1841430 ; 
Burger, Chem. Zentr. 1928, i, 24G6). 


Methyl n-butyrate, CH 3 -CH 2 -CH 2 -C0 2 CH 3 , 
is a colourless liquid with a pleasant odour 
resembling that of pineapples. It boils at 102-3° 
at 760 mm. (Schumann, Pogg. Ann. 1881, [ii], 
12, 41), and has a sp.gr. 0-9194 at 0°/4°. 

Ethyl n-bulyrate resembles the methyl ester in 
odour, and is used in perfumery, and in con- 
fectionery under the name of pineapple oil. 
It boils at 119-9° at 760 mm. (Schumann, l.c.), 
and has a sp.gr. 0-8996 at 0°/4°. 

n -Propyl n-butyrate boils at 142-7°/760 mm. 
(Schumann), and has a sp.gr. 0-8930 at 0°/4°. 

iso Propyl n-butyrate boils at 129°, and has a 
sp.gr. 0-8787 at 0°/4°. 

Butyl n-butyrate boils at 164-8° (eorr.), and 
has a sp.gr. 0-S760 at 12° (Linnertiann, Annalen, 
1872, 161, 1951. A nitrocellulose solvent. 

isoButyl n-butyrate boils at 156-9°(Schumann), 
and has a sp.gr. 0-8798 at 0°. 

isoAmyln-butyrate boils at 178-6° (Schumann), 
and has a sp.gr. 0-8823 at 0°. 

Hexyl and octyl butyrates occur in the 
oils from the fruits of Ileraclcum giganteum 
(Franehimont and Zincke, Ber. 1871, 4, 824) 
and Pastinaca saliva (Renesse, Annalen, 1873, 
166, 80). 

Esters of tsobutyric acid have been prepared : 
Methyl isobulyrate boils at 92-3°/760 mm. 
(Schumann), and has a sp.gr. 0-9112. 

Ethyl isobulyrate boils at 110-l°/760 mm. 
(Schumann) ; its sp.gr. is 0-8903. 

n -Propyl isobulyrate boils at 133-9°/760 mm. 
(Schumann) ; its sp.gr. is 0-8843. 

iso Propyl isobulyrate boils at 118°-121°/727 
mm., and has a sp.gr. 0-8787. 

isoButyl isobulyrate boils at 146-6°/760 mm. 
(Schumann) ; its sp.gr. is 0-8752. 

is oAmyl isobulyrate boils at 168-8°/760 mm. 
(Schumann) ; and has a sp.gr. 0-8759 at 0°/4°. 
BUTYRONE. Dipropyl ketone, 
(C 3 H 7 ) 2 CO, 

is prepared by distilling calcium butyrate or 
preferably a mixture of this with calcium 
carbonate (Schmidt, Ber. 1872, 5, 597) or by- 
passing butyric acid over any of the following 
catalysts : precipitated calcium carbonate at 
450°-500° (Sabatier and Mnilhe, Compt. rend. 
1913, 156, 1731), ferrous or ferric oxide at 
430°—490° (Mailhe, Compt. rend. 1913, 157, 
220), cadmium oxide at 420°-430° (Mailhe, Bull. 
Soc. Chim. 1913 [4], 13, 668) or manganic oxide at 
400°-450° (Mailhe, Compt. rend. 1914, 158, 832). 
It is a liquid of b.p. 144°-145° and df 0-8217, 
and is used as a solvent for nitrocellulose. 
It is oxidised by chromic acid to a mixture of 
propionic and butyric acids, and is reduced by 
sodium amalgam to a secondary alcohol, 
C,H lc O, and butyrone-pinacone, C 14 H 30 O, 
(Kurtz, Annalen, 1872, 161, 205). 

An isomeride, di-is opropylkeione, b.p. 124°- 
126°, d 17 0-8254, can be prepared by distilling 
calcium isobutyrate (Munch, Annalen, 1876, 
180, 327). Neither butyrone nor its isomeride 
forms a bisulphite compound. 
y-BUTYROBETAl N E v Betaines. 
y-BUTYROLACTONE. The lactone of 
y-hydroxybutyric acid. 

BUXINE is an amorphous alkaloid dis- 
covered by Fa ure (J. de PJiarm. 1S30, [ii], 16, 
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432) in the bark of Bunts sempervirens L. 
the box tree, -which has been used in inter- 
mittent fever. Walz (Neues Jahrb. Pharm. 
1860, 12, 302) declared it to be identical with 
bebeerine {from Nectandra jRodioei Hook, or 
greenheart), which latter alkaloid was for a 
time known as buxine, until the identity was 
disproved byScholtz (Arch. Pharm. 1898, 236, 
630). In addition to buxine, Barbagha (Gazz. 
chim. ital. 1883, 13, 249) found two other 
amorphous and one crystalline alkaloid in box 
leaves, and Martin-Sans (Compt. rend. 1930, 191, 
625) has demonstrated the occurrence of 
alkal oids in other Buxacex by microcbemical 
methods. G. B. 


BYSSUS, or silk of oyster, is the secretion 
of a gland of certain mussels, which in the air 
sets into silk-like threads. It is stated in the 
past it has been woven into textiles (Abderhalden, 
Z. physiol. Chem. 1908, 55, 236). The chemical 
and X-ray investigation of byssus (in its natural 
state, and stretched) shows that it coneists of a 
mixture of chains of complex (keratin type) and 
chains of simple (silk fibroin type) amino acids. 
It is the only natural fibre in which the molecules 
have no orientation, and this accounts for its 
physical properties (Centola, Gazzetta, 1936, 
68, 71). 

BYTOWNITE or LABRADORITE v. 

Basalt. 


CAAPI. Ayahasco. The root of the Boli- 
vian vine Banisterta caapi, contains three 
alkaloids and yields a stimulating beverage. 

CABALONGA DE TABASCO. A 
Mexican drug. The seeds of Strychnos triplinervia, 
contain 1-83% of strychnine and brucine. 

CABARDINE MUSK. An inferior variety 
of genuine mask from Siberia and North China. 

CABBAGE. Brassxca oleraoea. Many 
varieties of this leafy vegetable have been 
developed by the horticultoralist for domestic 
purposes and for cattle feeding. The customary 
classification based on the structure of the 
plants includes : 

(1) Ordinary cabbage (var. capitate), forming a 
compact head of leaves, the internal ones being 
blanched. With this type may be included for 
convenience the Chinese cabbage or celery cab- 
bage, B. pekmensis or B. pe Isai Bailey, which 
also forms a compact head but is more elongated 
in shape than the customary European varieties. 
B. chtnensts, also referred to as “ Chinese cab- 
bage,” is not apparently a “ heading ” variety. 

(u) Kale (var. actphala D.C.) includes a 
number of types of branching habit in which the 
tendency to form compact heads is absent. In 
most forms the stems become woody as in the 
ordinary cabbage. In a few cases (e.g. marrow- 
stemmed kales) the stems remain sufficiently 
succulent, even in mature plants, to be readily 
consumed by cattle and sheep. 

(ui) Broccoli and cauliflower (var. bolrytia 
D.C.) are characterised by a restricted leaf 
development and the production of a compact 
head of imperfect flowers, which form the edible 
portion. 

(iv) Brussels sprouts {q.v.) (var. gemmifera), 
in which numerous small compact “cabbage ” 
heads develop in leaf axils on a tall, thick 


(v) Kohl-rahi (var. Caule-Bapa), the stem 
which thickens (above ground) to produce 
round turnip-like growth (the edible portion) 
from the surface of which a few leaves de- 
velop. 

All cabbage varieties show a general similarity 
of composition. The following are typical 


analyses expressed as percentage of fresh 
weight : 


■Water, teln. teln. Fat. tract. Fibre. Ash, 
Ordinary cab- 

..Si 725 — 07 81 24 16 

Ordinary cab- 
bage.* . . fii-5 16 — 03 45 11 10 

Ordinary cab- 
bage*. . 02 1 20 1 23 0 18 4 03 0 82 0 75 

Chinese cab- 
bage . .06 0 1-58 — 0 05 161 0 5 0 66 

Red cabbage 031 1-50 0 88 0 5 3 79 0 8 0 66 

Kale . . , 01 2 2 82 — 0 20 2 04 1 05 1 74 

Broccoli 

(flower) . 881 44 — 0 74 — 1 42 1 69 

Cauliflower . 007 811 170 Oil) 3 73 1 15 093 

Kohlrabi* . 92 8 2 02 1 03 Q 14 3 57 0 64 0 86 

i Whole heads * Edible portion. 

* Savoy cabbage. 4 Edible portion. 

The nitrogen content of cabbage varies con- 
siderably according to growth conditions and 
manorial treatment (A. W. Blair, New Jersey 
Agric. Exp. Sta. Bull. 1934, No. 571), but in all 
cases includes a large proportion of non-protein 
nitrogen. Yoshimura (Z. Unters. Nahr.- 
Genussm. 1910, 32, 253) reports less than 30% 
of the total nitrogen as protein and a consider- 
able proportion of nitrogen bases, e.g. arginine, 
lysine, and choline together with small amounts 
of histidine and betaine. Tryptophane, and also 
the enzyme erepsin which produces tryptophane 
from more complex bodies, is also recorded 
(Blood, J. BioL Chem. 1910, 8, 215). 

From the ether extract of cabbage, Ozaki 
(J. Agric. Chem. Soc. Japan, 1930, 6, 688) 
isolated a dark-coloured oil having saponifi- 
cation value 144-1, iodine value 103 4, 
Reichert-Meissl value 2-0, acid value 21-2, and 
unsaponifiable matter 21-7%. The saturated 
acids from the oil comprise principally palmitic 
together with arachidio and small amounts of 
mynatic but no stearic acid. Unsaturated acids 
consist largely of an isomeiide of linolio acid, 
hnolemc and an isomeride of oleic acid. A 
waxy substance isolated from blanched leaves 
yielded palmitone and n hentriacontane. Chib- 
nail and Channon (Biochem. J. 1927, 21, 225, 
233, 479, 1112 ; 1929, 23, 168-176) in an examina- 
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tion of the ether-soluble constituents of the 
expressed juice of leaves report the following 
constituents (as percentage of the extract) : 


a- and /3-chlorophyll 9-3 

Carotene 0-5 

Xanthophyll 08 

Calcium phosphatidate . . . .18-5 

Other Ca salts (unidentified) . . . 5T 

Fe compounds (unidentified) ... 3-0 

Glycerides and waxes 17-4 

Glycerol 1'4 

Unsaponifiable fraction .... 12-3 

Sterols 4-4 

Unidentified alcohols and hydro- 
carbons 13-3 


The fatty acids of the fats and waxes included 
palmitic, stearic, linolic, and Iinolenic acids. 
n-Nonacosane and di-n-tetradecyl ketone were 
the principal constituents of the unsaponifiable 
matter. 

Among the carbohydrate constituents of the 
cabbage family sugars are present, if at all, in 
very small amounts. The highest recorded pro- 
portions occur in ordinary cabbage in which 
Peterson et al. (Canner, 1935, 61, 19) report 
3-4%. Dextrose and lmvulose are found 
in small amounts in cauliflower (Dmochowski 
and Tollens, J. Landw. 1910, 58, 27) in which 
mannite was also detected by Busolt (ibid. 1913, 
61, 153). Buston and Schryner isolated a crys- 
talline carbohydrate, probably 

CH 2 (OH)CH(OH)OCH 2 -OH 

(Biochem. J. 1923, 17, 470) which is possibly 
concerned in pyrone ring formation during the 
synthesis of anthocyanin pigment. The pentosan 
content is also small, recorded values being 
2-03% in kale, ,0-91%- in broccoli flowers, and 
1-37% in kohl-rabi (Wittmann, Z. landw. 
Verswes. Ost. 1901, 4, 131 ; Nelson and Mottem, 
J. Amer. Chem. Soc. 1931, 53, 1909). The 
last-named authors also record 1-3% of starch in 
broccoli. 

The pigment of red cabbage has been isolated 
by H. Willstaedt (Biochem. Z. 1931, 242, 303 ; 
1935, 276, 262) and also by Chmielewska (Rocz. 
Chem. 1933, 13, 725), and is characterised as an 
anthocyanin chloride, C 28 H 33 0 16 CI, isomeric 
with peonin. T. Milobedski and W. Szczypinski 
(Rocz. Chem. 1934, 14, 1088) also describe a 
pigment rubrobrassicin from which elimination 
of sinapic acid yields an indicator suitable for 
acidimetry in the presence of carbon dioxide. 

Cabbages are rich in vitamin-C 1 , a recent 
evaluation by N. Yarusova (Z. Unters. Lebensm., 
1935, 69, 375) showing 270-322 units per kg. 
From 20 to 70% of this may pass into the water 
in which the vegetable is cooked. According to 
S. Gould et al. (Food Res. 1936, 1, 427) the 
vitamin-C content of early summer cabbage is 
greater than that of autumn varieties. After 
cutting there is a steady decrease in the pro- 
portion of vitamin-C, loss of which is greater in 
cold storage than at ordinary temperatures. 

The mineral contents of the cabbage family 
vary considerably with growth conditions but 
show a general similarity of order. The follow- 
ing data from various sources are typical, and 
arc expressed ns percentage of the dry matter : 


K 

Cabbage. 
3-9— 4-3 

Kale. 

Kohl- 

rabi. 

Cauli- 

flower. 

2-9 

Broc- 

coli. 

1-86 

Cl 

0-67-0-78 1 

0-96 

007 

0-32 

0-33 

Mg 

0-30-0-35 

— 

— 

0-19 

0-13 

Fe 

. 0-009-0-014 

0-17 

— 

0-014 

0-06 

Mn 

. 0-004-0-0018 

— 

— 

0-025 

0033 

P 

0-46 

0-30 

— 

0-71 

0-57 

S 

0-53-0-62 

. — 

— 

— 

— 

Cl 

0-26-0-63 


■ — 

0-3 

— 

Al 

0-2-0-008 2 

— 

— 

— 

— 

Cu 

0-0006 

— 

0-0014 

0-002 

— 

Zn 

. 0-0012-0-0017 — 

— 

0-002 

— 

l 

Outer leaves of 

cabbage contain 

20-30 times as 

much calcium as inner leaves (S. J. Cowell, Biochem. J . 


1932, 26, 1422). „ , „ 

2 Analyses ( J. Bertrand and Livy, Bull. Soc. Sci. Hyg. 
Aliment. 1931, 19, 359) show that the aluminium in 
cabbage is almost entirely contained in the outer 
green leaves. 

Sauerkraut is obtained by submitting the 
cabbage to a lactic type of fermentation, 
Streptococcus laclis and Leuconostoc mesenleroides 
being the dominant organisms concerned. 
Lactic acid with smaller proportions of acetic 
and propionic acids are produced, and in good 
quality kraut proteolysis is limited. Quality 
is largely influenced by the nature of the 
“ starter ” cultures used. Peterson, Fred and 
Viljoen (Canner, 1925, 61, 19) give the following 
analysis ranges for sauerkraut. 

Non-volatile Volatile 
acids, as acid, as 

Water. lactic. acetic. Sugars. 

89-6-91-5 1-13-1-52 0-28-0-42 0-09-0-77 

A considerable proportion of the vitamin-C of 
the cabbage is retained in sauerkraut. 

A. G. Po. 

CACAO (COCOA) BUT+ER is the fat 

present in the “ beans ” or seeds of the cacao 
Theobroma cacao L. and certain closely allied 
species and their hybrids (Fam. Sterculiacece). 
According to • van Humboldt, the cacao tree 
appears to have originated in the forests of the 
Amazon and Orinoco (Ecuador, Colombia, and 
Venezuela), but it has been extensively culti- 
vated from very early times in other tropical 
countries, Central America, Brazil, and the 
West Indies, and more recently in West Africa 
(particularly the Gold Coast and Nigeria) and 
Ceylon (see Cocoa). 

The bulk of commercial cacao butter is 
obtained by the expression of the fermented 
and roasted cacao nibs, i.e. cotyledons, in the 
course of the manufacture of cacao (cocoa) 
powder : correspondingly the commercial pro- 
duction of the fat (and of eating chocolate, in the 
manufacture of which it is used) dates from the 
introduction of a partly defatted cocoa powder 
by Van Houten in 1828, although the art of 
pressing out a little of the fat from the bean 
appears to have been known at least 140 years 
before (A. W. Knapp, “ Cocoa and Chocolate 
Industry,” J. Pitman & Sons, London, 1930, 
p. 25). It may be noted, however, that the 
fermentation and roasting processes to which 
the bean is subjected do not appreciably affect the 
physical and chemical properties (apart from the 
aroma and colour) of the fat (cf. Heiduschka and 
Herb, Pharm. Zentr. 1908, 49, 375 ; Strube, Z. 
offentl. Chem. 1908, 14, 67 ; Fincke, Z. angew. 
Chem. 1925, 38, 699 ; Z. Unters. Lebensm. 1928, 
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E6. 32G ; “ Kakaobuttcr u. ihre VerfSkchungen,” of potassium, sodium, ammonium or mag. 
Stuttgart, 1929, pp 168-174) ; there i3 nl*o nesium bicarbonate or carbonate are employed, 
little difference in the characters of fats from If the process is properly conducted, the treat- 
beans of different geographical origin or botanical ment does not appreciably affect the free fatty 
variety (</. Davies and ilcLellan, J.S C.1. 1904, acid content or other characteristics of the fat 
23, 480). present in the nib (c/. H. Fmche, “ Handbuch der 

The shell (testa) and germ (radicle) of the cacao Kakaoerzeugnisse,” J. Springer, Berlin, 1936). 
seed also contain a small amount of fat, which If the cacao w intended for the production of 
can be recovered by extraction with solvents: cocoa powder and cacao butter, the greater part 
there fats, however, arc of no great importance of the fat present is now removed by expressing 
and will be considered separately (i>. infra) as the hot, liquid mass in hydraulic presses. The 
they are, in general, unsuitable for edible use, usual press consists of a number of super- 
and are excluded from u«e in chocolato products imposed circular pots, which are filled with 
under the terms of the resolution adopted by the the mass and separated from each other by per. 
International Congress of Chocolate and Cacao forated plates clad in filter-cloths ; temperatures 
Manufacturers in Antwerp, 1930. This defines of about 70°-90°C. and pressures up to 6,000 
the term “ cacao butter ” (for chocolate lb. per sq. in. are employed. The expressed 
manufacture) as “ the fat obtained by mecham fat, which entrains a certain amount of finely 
cal means {« «. by expression) from cacao mass divided cocoa particles in suspension, is then 
(solubilised or not) ” which is derived from filtered and run into suitable receptacles, where 
cacao rub containing not more than 5% of shells it is allowed to cool with occasional stirring. The 
and germs (calculated on a dry' fat free basis, residual press cakes only require grinding, siftmg, 
i e. equivalent to not more than about 2% and flavouring to convert them into the ordinary 
on the nib as prepared) Similar definitions domestic cocoa powder. The amount of fat 
have been adopted for purposes of Food Legisla- left in the press cake is determined by the 
lion in many foreign industrial countries. It quality desired for the cocoa, and is usually 
may be noted that m Germany (e/. Verordnung about 18-30%, and rarely less than 9%. 
tiber Kakao u a w. 15/7/33) the term “ Kakao - Cacao mass is similarly prepared (but with 

butter "may only be applied to auch an expressed the omission of the alkaline treatment) from 
fat : refined or extracted fat from cacao beans cacao beans intended for the manufacture of 
is designated ns “ Kalaofett." eating chocolate, but in the case of high-class 

The expression of cacao butter is a necessary products, the whole of the fat is allowed to 
stage in the manufacture of cocoa powder, remain in the mass — indeed, it will be necessary 
u hich may be outlined as follows (for further to add further quantities of cacao fat when the 
details, »ee Cocoa, Cjiocolate) : The dry sugar and other ingredients are incorporated, 
fermented cacao beans (seeds), which contain In England and other countries where the use of 
about 47% of fat, are first cleaned to remove cacao butter substitutes is permitted, manu- 
adherent dirt, etc., and then are roasted in facturers of cheap chocolates may express a por- 

rotatmg drums over coke or gas fires, in order tion of the costly cacao fat from the puss and 

to dc\ clop the typical chocohto flavour and to replace it by cheaper substitutes (we Chocolate 
loosen the sheik or husks from the kernels. Fats). 

The cooled, roasted beans are then kibbled. The production of cacao butter and cocoa 

i e. passed between rollers which arc adjusted so powder are thus complementary ; but, whereas 
ns to crack the shells without crushing more in the last century the fat represented merely a 
than a small proportion of the kemek, after by-product of the cocoa industry, the rapid 
which the tiny rod-like germs (i e. radicles) modem increase — particularly since tho War- 
are removed by sifting, and the broken shells in the consumption of rich chocolate and milk 
by winnowing; a further sifting and grading chocolate has resulted in a demand for additional 
process removes any fine fragments of kernel, cacao butter which has outstripped the supply 
shell, etc. (which are worked up separately for from normal cocoa manufacture, with the result 
fat, cattle-food, etc.) from the main product, that the beans are now often expressed primarily 
which consists of clean, almost shell-free mb for the sake of the fat. In some cases the beans 
(cotyledons) and amounts to about 78-80% of 60 intended for tho production of fat are not 
tho original beans treated. shelled before cru-hing and pressing ; it then 

In the next stage, the nib k finely ground becomes possible to employ continuous acting 
between null stones, or in disc- or roll-type presses of the expcller type (which cannot bo 
mills ; the bulk of tho fat, w Inch constitutes used for shell-free cacao mass) for the expression, 
from 50 to 55% of tho nib, is liberated and melts Tho fat recovered from unshelled beans may bo 
at tho temperature of grinding, so that the expected to include a certain proportion of 
resultant material— the “ cacao mass ” or shell-fat and is, of course, excluded from use in 
“ liquid nib ” — runs from the mill in the form chocolate manufacture in those countries which 
of a thick brown liquid, which 6cts into a hard possess food legislation of tho type discussed 
block if allow cd to coo). above ; tho corresponding press-cake or meal 

It is common practice nowadays to subject can only bo employed for industrial purposes or 
the cacao intended for the manufacture of for cattle feeding. (According to Fincke (1936) 
cocoa to a mild treatment with alkali (solubibs- in certain districts, e <j. Spam, beans intended 
ing or opening, process invented by Van Houten, even for chocolate manufacture are not always 
v. Cocoa) which may be applied to the roasted shelled before grinding. ) 
bean, the finished cocoa powder, or, as k most The filtered cacao buttch obtained by the 
n*ual, to the ground cacao mass ; as a rule 2-3% expression of sound nibs is fit for edible or 
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pharmaceutical use without further refining. 
At ordinary temperatures, it is a hard, brittle 
(snappy) fat of a pale yellow colour which 
fades, however, on exposure to light ; it melts 
readily at 32°-34 e C., is easily digested (cf. 
Langworthy and Holmes, U.S. Dept. Agnc. 
Bull. 505, 1917 ; Gardner and Fox, Biochem. J. 
1919, 13, 368 ; McClure and Carr, Amer. J. 
Physiol. 1925, 74, 70), and possesses a pleasant 
chocolate -like odour and taste and good keeping 
properties. The peculiar combination of brittle 
consistency (snap) and relatively low melting- 
point, to which cacao butter owes its pre- 
eminent position as a chocolate and con- 
fectionery fat, is due to its consisting pre- 
dominantly of a mixture of comparatively 
few individual glycerides (v. infra). 

The acid value of commercial cacao butter of 
good quality ranges usually from 1-2 to 2-5, and 
should not exceed about 4-5 for fat from sound 
beans. Higher acid values are found for fats 
obtained from damaged, mouldy beans, or 
recovered from cacao waste, mouldy chocolate, 
etc. An abnormally low acid value would 
suggest that the fat had been deacidified arti- 
ficially, or that the solubilising treatment of the 
cacao had been misconducted with an excess of 
alkali ; in such a case, the fat should be examined 
for traces of metallic soaps. 

The following analytical figures are collated 
from analyses of commercial cacao butters by 
Knapp (l.c.) and Fincke (1929, lx. ; 1936, lx. ; 
cf. Z. Unters. Lebensm. 1928, 56, 312 ; cf. Lew- 
kowitsch, “ Chem. Tech, of Oils, Fats, and 
Waxes,” 6th ed., Vol. II, p. 601, for numerous 
earlier figures). 


Table I. 



Knapp. 

Finckc. 

4% 

0-858-0-865 



>4° 

1-4563-1-4573 

1-4507-1-4578 

Saponification value 

192-198 

f 

192-195-3 

33-5-37-5 

Iodine value . . 

34-38 -j 

(33-5-40 as 
extremes) 

Unsaponifiable mat- 


ter 

0-3-0-8% J 

— 


Flow-m.p. 

Melting-point of fat. 

32°-34°C. <1 

31- 7°-33-5°C. 
Clear-m.p. 

32- 8°-35-3°C. 

Melting-point of the 
Insoluble fatty 

acids .... 

\ 48°-50°C. J 
j (titer-test) j 

Flow-m.p. 
49-4°— 51-0°C. 

Clear-m.p. 

51-8°-53-6°C. 


1 0-3-0-35% In 8 samples examined by Grossfeld 
(Z. Unters. Lebensm. 1930. 60, 04), and 0-2-0-41% in 
the fat from 22 samples of chocolate (ibid. 1931, 62, 441). 


The Rcichert-Meissl value (0-2-0-5), Polenske 
value (0-3), Kirschner value (0-5), and Bertram 
A- and B-values (0-06-0-12, and 0-3-0-6 respec- 
tively) are all very low. The thiocyanogen 
value ranges from 32 to 35 (H. P. Kaufmann, 
Z. angow. Chem. 1929, 42, 402). 

The considerable difference figure between the 
melting-point of the fatty acids and that of the 
fat itself (i.c. some 17-19 units) is distinctive, 
and is valued by Finckc as a useful criterion of 


purity ; the presence of foreign vegetable fats 
may be indicated by a low (or even, in the case 
of hydrogenated fats, by a negative) figure for 
this difference. (N.B . — It is necessary to keep 
the sample of cacao fat in the solid state for a 
considerable time (48 hours) before determining 
the melting-point.) 

The composition of the fatty acids of two 
samples of cacao butter has been determined by 
Hilditch as follows : stearic acid, 34-5, 35-4% ; 
palmitic acid, 24-4, 24-4% ; oleic acid, 39T, 
38-1% ; linolic acid, 2-0, 2-1% (Hilditch and 
Lea, J.C S. 1927, 3106 ; Hilditch and Stainsby, 
J.S.C.I. 1936, 55, 95T ; cf. Lea, J.S.C.I. 1929, 
48, 41T) ; comparable figures have also been 
obtained by less exact methods by Amberger 
and Bauch (Z. Unters. Nahr. Genussm. 1924, 
48, 37) and Grossfeld (Kazett, 1930, 19, 178 el 
eeq. ; cf. Z. Unters. Lebensm. 1930, 60, 72). 
From the iodine and thiocyanogen values 
Kaufmann (Z. angew. Chem. 1929, 42, 402) 
calculates the proportion of oleic and linolic 
acids in the fatty acids of nineteen samples of 
cacao fat as 34-38% and 2-5% respectively. 
The statements in the older literature (cf. Graf, 
Arch. Pharm. 1888, 226, 830) that arachidic acid 
occurs in cacao fat appear to be erroneous 
(Morgan and Bowen, J.S.C.I. 1924, 43, 346T ; 
Liming and Drude, Z. Unters. Lebensm. 1931, 
61, 491). 

An elaborate examination of the constituent 
glycerides of cacao butter by Hilditch and 
Stainsby (l.c.) suggests that the fat consists 
almost entirely of the mixed glycerides of the 
saturated and unsaturated fatty acids, as 
follows : 


Table II. 


Glyceride. 

1 % Of 
fat. 

Configuration of 
glyceride. 

Oleo-palinito-stearin . 

H 

Probably both the a- 
palmito- and /?-pal- 
mito-isomeiides. 

Oleo-di-stearin . . 

19 

Probably mainly /3- 
oleo-distearin. 

Stearo-di-olein . . 

12 

Both a - and /J-stearo- 
di-oletn. 

Palinito-dl-ole'm . 

9 

— 

Oleo-di-palmitin . 

0 

Probably mainly /8- 
oleo-di-palmltln. 

Palmito-stearins . . 

2 

i 

Mainly dl-palmito- 

stearin. 


Note. — In the above analysis the small proportion 
of linolic components in the fat is not considered 
separately, but is Included in the oleo-glycerides. 


A hydrocarbon (probably identical with amyri- 
lone, C 30 H 4o ) and two sterols, m.p. 146°C. (162°- 
163°C. after regeneration from the di-bromo- 
acetate), and m.p. 136°-139°C., respectively, 
were isolated from the unsaponifiable matter 
of cacao butter by Matthes and Rohdich (Ber. 
1908, 41, 19, 1591 ; cf. Procknow, Dissert. 
Wurzburg, 1909), whilst H. Lahbe, H. de 
Balsac, and Lerat (Compt. rend. 1929, 189, 
864 ; Bull. Soc. Ther. 1930, [ii], 35, No. 4, 
71 ; cf. F.P. 700036) have identified two sterols, 
a-thcosterol, m.p. 115°C., and f-theoslcrol, m.p. 
134°C. ; jS-thoosterol is stated to acquire anti- 
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rachitic activity after irradiation with ultra- 
violet light. Cacao butter is also stated to 
possess w eak vitamin-A activity (Labb6, H. de 
Balsac and Lcrat, Bull. Soc. Th£r. 1930, [uj. 
No. 10). 

Traces oi theobromine are found in cacao butter, 
whether it be obtained by expression or by 
extraction with certain solvents. 

Expressed cacao butter contains only traces 
of phosphatides (less than 0 12%; cf. Winkler 
and Sale, J. Assoc. Off. Agnc. Chem. 1931, 14, 
537 ; Avent and Morgan, J.S CJ. 1932, 51, 
169T ; Rewald and Christlieb, Z. Unters. 
Lebensm 1931, 61, 520 ; Chem. Ztg. 1931, 55, 
393 ; Fin eke, l.c. 1929, p. 119), although about 
0 4% can be extracted from the roasted bean 
by solvents (cf Nottbohm and Mayer, Z. Unters. 
Lebensm. 1933, 65, 55) ; a somewhat higher 
content of phosphatides may be expected in the 
fat extracted from fabricated chocolate, since 
it is current practice to add from 05 to 1 0% 
(calculated on the fat) of vegetable lecithin to 
the chocolate during manufacture. The addition 
of lecithin to thB “ mass,” in order to facilitate 
the expression of the fat, has been patented 
(Hanseatische Muhlenwerke A.-G., B.P. 360332). 
(For the detection of soya bean oil in fat con- 
taining soya lecithin, see Auerbach, Fettchem. 
Umsehau, 1933, 40, 218 ) Lower grades of 
cacao fat may be obtained by pressing or by 
solvent extraction from damaged cacao beans or 
from chocolate manufacturers’ waste — nib- 
fragmfcnts, shells, and germs (v. infra). It is 
stated that a certain amount of cacao fat is 
recovered in Holland by solvent extraction from 
sound cacao, from which a first charge of fat 
has been obtained by expression. 

Edible cacao fat is chiefly employed in the 
manufacture of chocolate, but a certain amount 
is used in other confectionery. During 1917- 
1918 cacao butter made a brief appearance on 
the market as a domestic cooking fat, although 
attempts made at that time to remove the 
characteristic aroma were not very successful 
{cf. Martin and C.W.S , Ltd., B.P. 122512/ 
1918). However, by refining and deodorising 
extracted cacao butter of fair quality, a flavour- 
less product may be obtained which appears to 
be used to some extent for edible purposes in 
cheap chocolates, confectionery, etc., and perhaps 
in pharmacy. As stated above, however, the 
use of exti acted cacao fat for chocolate manu- 
facture is forbidden in certain countries. A 
colourless, deodorised product is now being 
offered for the pharmaceutical uses — cosmetics, 
suppositories, etc. — to which cacao butter has 
long been applied. Cacao butter is also employed 
in the enfieurage process for the extraction of 
essential Oils. 

Cacao Shell Fat, Cacao Germ Fat.— The 
shells of the raw cacao bean contain some 1-2% 
of fatty matter and the germB about 3% 
(Fincke, l c. 1936, p. 303), but during the process 
of roasting, a certain amount of the nib-fat 
diffuses into the other tissues, with the result 
that some 3-8% of fat can be extracted from the 
shells of the roasted beans, and about 3 5% 
from the germs. A still higher proportion of fat 
(e g. 5-15%) may be obtained from the shells and 
germs as separated commercially in the factory. 



Cacao shell 
fat 1 

„40 

1 4570- 


1 4630 

Melting-point 

28 0°-35°C. 


31®-32°C. 

Clear in p 

38°-40°C. 


7-70 

Saponification 

value 

Iodine value . 

177 0-189 8 

39- 55 5 
(usually 

40- 50) 

Unsaponifiablc 

2 5-2 6 

matter °/< . 

“SS*" 


since these fractions normally include a con. 
Biderable proportion of fine nib -fragments. Owing 
to the presence of extracted impurities, the shell 
and germ fats are yellow-brown in colour and 
possess a disagreeable odour and taste ; they 
are softer than cacao butter and possess a higher 
lodme value and a greater content of unsaponifi- 
able matter (cf. Table lit). The acid value is 
high, unless the fat has been artificially de- 
acidified. Cacao shell fat has, however, been 
refined and sold for edible purposes. 

Table III. 




14620- 
1 4679 
about 30 5° 
(but sets 
with diffl 
coltj) 


21-40 
178-181 
(170 Mitel) 
50 8-70 0 


1 Lcwkowit«eh, " Oils, Fats, and Waxes," 6th ed , 
Vol. II. p 593 ; II artel, Z Unters Nahr. Oenussm. 
1924, 47, 264 ; Galanos, iJid 1024, 48. 212 : Fincke, 
ibid 192a, 50, 205; 1'Heureux, Bull. agnc. Congo 
beige 1031,22,498. 

* Two samples • H. Fincke, " Kakaobutter U. Ihre 
Verfilschungen," Stuttgart, 1020, p. 148. 

1 Twelve samples of germs hand separated from 
(raw and roasted 7) beans : H. Fincke, " Handbuch 
der Kakaoerzeugnlsse," Berlin, 1936, p. 303; cJ. 
Fincke, l e 1925 . H8rtel, l e 1924 

4 The figure of 7 5-9% on the fat from umoabted 
shells given by Labbd, H. de llalsac, and Lerat 
(Comp rend 1029, 189, S64) requires confirmation. 
8 8% of lmsaponlnable matter has been found In a 
sample of fat extracted by light petroleum from pure 
cacao shell by Vlzem and Quillot (Ann. Falslf. 1830, 
29, 484). 

The fatty acids from a sample of cacao shell- 
fat examined by Schmitz and Kaufmann (cf. 
Fincke, Z.c. 1936, pp. 303-4) were found to consist 
of 54% of saturated (stearic and palmitic) acids, 
40 4% of oleic acid, and 6 6% of ltnolic acid ; the 
presence of solid unsaturated fatty acids is 
reported by Kupferberg (Thesis, Berlm, 1932 ; 
through Fincke, l.c.). 

Fincke {/ e. 1929, p. 153) stated that 
extracted cacao shell fat may contain up t° 1% 
of a crystalline substance (m.p. 115 S°— 1 16 5°C.) 
insoluble in light petroleum, of which only 
traces (0 013%) could be found in expressed 
cacao butter ; it seems possible that this sub- 
stance is identical with o-theosterol (m.p. 1 15 
since Labb£ notes that the theosterols occur in 
much greater concentration in the shell fat than 
in the nib-fat. Cacao shell fat exhibits a con- 
siderable vita min -D potency (cf. S. K. Kon 
and K. M. Henry; Biochem. J. 1935, 29, 2051 ; 
A. W. Knapp and Coward, t bid. 2728 ; Analyst, 
1934, 59, 474). 
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Cacao butter, being very bigb in price, is liable 
to adulteration or substitution by chocolate 
fats of similar physical characters. Tallow 
and paraffin wax, which were formerly employed 
as adulterants, are easily detected and hence 
have disappeared. Small additions of bleached 
beeswax are still occasionally employed as a 
stiffener in chocolate and are easily detected by 
the increase in unsaponifiable matter and the 
clear melting-point. Fats of the coconut oil 
group are revealed by high figures for the 
Polenske and Bertram A-values, and an estimate 
of the amount of such addition may be obtained 
by calculations based on these figures, as in the 
determination of coconut oil in margarine (c/. 
Baumann, Kuhlmann, and Grossfeld, Z, Unters. 
Lebensm. 1926, 51, 27 ; Kuhlmann and Gross- 
feld, Z. angew. Chem. 1926, 39, 24 ; Kloster- 
mann and Quast, Z.itJnters. Lebensm. 1927, 
46, 297). It must be remembered, however, 
that frequently hydrogenated or pressed coconut 
oil ( coconut stearin), etc., is employed, the 
characteristics of which differ somewhat from 
the typical figures for the original fat which 
form the basis of the standard calculations. 

A qualitative test for the presence of palm- 
kernel or coconut oils, etc., originally proposed 
by Cohn (Z. angew. Chem. 1924, 37, 304 ; c/. 
Baughman, J. Assoc. Off. Agric. Chem. 1925, 
8, 703 ; Sale, ibid. 1931, 14, 526) has been 
adopted as a tentative method by the American 
Association of Official Agricultural Chemists 
(“ A.O.A.C. Standard Methods,” 1935, p. 201) : 
5 g. of the fat are saponified with 15 c.c. of 
alcoholic potash (25 g. per 200 c.c.); the 
soap is evaporated to dryness on the steam- 
bath, re-evaporated after the addition of 5 c.c. 
of water in order to remove all the alcohol, and 
then dissolved in 100 c.c. of water ; 100 c.c. of 
a saturated solution of sodium chloride are 
mixed in, and after standing for 15 minutes the 
solution is filtered through a Buchner filter ; 
100 c.c. of the filtrate are treated with a further 
100 c.c. of the salt solution as abpve and filtered ; 
this second filtrate is neutralised to phenol- 
phthalein with dilute hydrochloric acid (1+3) 
and 0-5 c.c. of the acid is added in excess ; 
the solution remains clear if the sample consists 
of pure cacao butter but becomes turbid if 
coconut oil, etc., is present. A blank test with 
authentic cacao butter should be carried out for 
comparison. Any milk fat present (as would 
be the case, for example, in the fat extracted 
from a milk chocolate) also produces an 
opalescence or turbidity ; in this case the 
approximate percentage of milk fat may be 
calculated from the lactose or casein content 
of the chocolate, and a mat chin g mixture of 
butter fat and cacao fat used for the blank test. 

The amount of butter fat in the fat may also 
be determined by methods based on determina- 
tions of the Beichert-Meissl and Kirschner 
values, or of the butyric acid value, or Bertram 
B-value of the sample (cf. references under dis- 
cussion of detection of coconut oil (supra), Kulh- 
mnnn and Grossfeld, Z. Unters. Lebensm. 1926, 
51, 31 r Grossfeld and Wissemann, ibid. 1927, 
54, 352 ; Grossfeld, ibid. 1935, 70, 459). 

Admixture of hydrogenated oils to cacao 
butter lowers the difference value between 


the melting-points of the fat and its fatty acids, 
and may also be revealed by the detection of 
iso-oleic acid or (occasionally) of traces of nickel 
(cf. H. P. Kaufmann, Chem. Umschau, 1930, 37, 
49, 7&j. 

The detection of illip6 (Borneo) tallow (q. v.) 
and similar “ green butters ” (i.e. vegetable 
tallows which may be coloured artificially to 
resemble Borneo tallow), which are largely used 
as substitutes for cacao butter, is a more trouble- 
some matter, and no single method is available 
which is entirely satisfactory in the case of mix- 
tures. The original Halphen test (J. Pharm. 
Chim. 1908, 28, 346) for these products may fail 
with the modem refined Borneo tallow (Knapp, 
Moss, and Melley, Analyst, 1927, 52, 452). The 
addition of these fats to cacao butter modifies 
the ordinary characteristics to some extent, 
the effect on the melting-point data being as a 
rule the most significant (cf. Knapp, Moss, and 
Melley, l.c ; Vizem and Guillot, Ann. Falsif. 
1936, 29, 484 ; Tate and Pooley, Analyst, 1921, 
46, 229 ; Bywaters, Maggs, and Pool, ibid. 
1927, 52, 324). Fincke (l.c. 1929, 1936) par- 
ticularly values the indications afforded by a 
determination of. the differences between the 
melting-points of the fat and its fatty acids, or 
between the numerical figures for the melting- 
point and iodine value of the fatty acids ; others 
prefer to draw conclusions from the characteristic 
shape of the cooling (freezing-point) curve of the 
fat (cf. Pichard, Ann. Falsif. 1923, 16, 197 ; 
Bull. Off. Off. Int. Fab. Cacao et Choc. 1931, 1, 
95, 157, 245 ; 1932, 2, 29 ; van Boon, Chem. 
Weekblad. 1929, 26, 619 ; 1930, 27, 498 (dilato- 
metric method) ; Avent, Analyst, 1930, 55, 477 ; 
Vivario, Congrfes Int. Fabr. Chocolat et Cacao, 
Antwerp, 1930, vol. preparatoire, p. 171). 

The resistance to bleaching by light of the 
natural colouring matter of Borneo tallow may 
also serve as an indication of its presence 
(Knapp, Moss, and Melley, l.c.). Turbidity 
tests based on the critical temperatures of 
solution of the various fats in ether, aniline, etc. 
(cf. Marange, Ann. Falsif. 1923, 16, 454 ; Assoc. 
Off. Agric. Chem. “ Official Methods,” 1935, 
p. 201 ; cf. J. Assoc. Off. Agric. Chem. 1930, 
13, 486), appear to be less useful. 

Tables compiled by Fincke (“ Kakaobutter u. 
ihre Verfalschungen,” 1929, pp. 191 el seq.) illus- 
trating the characteristics of mixtures of cacao fat 
with almond, walnut, and hazel-nut oils, and/or 
milk fat afford useful data in connection with the 
examination of the fat from nut or nut milk 
chocolate ; the presence of coffee in chocolate 
may cause a slight increase in the iodine value 
of the fat (Fincke, l.c. p. 214). 

The detection of small quantities of extracted 
cacao fat (which is usually derived from the 
waste shells or germs) is probably the most 
difficult problem of all, since apart from their 
high acid value (which can be reduced by de- 
acidification and refining) these fats do not 
differ very greatly from the nib fat in chemical 
properties. The following test for extracted 
cacao shell fat (due to Fincke) has been accepted 
provisionally as an official test in Germany : 
5 c.c. of the melted cacao butter are treated with 
1 c.c. of a 2:1 mixture of fuming hydrochloric 
acid and nitric acid (d=l-45) at 50°-70°C. ; a 
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ml brown coloration indicates the presence of 
the *hell-fat (</. alto Aufreeht, Chem. Ztg. 1929, 
53, 318 ; Schmandt, Z. angew. Chem. 1929, 42, 
1039). 

Of the world exports of about 500,000 tons per 
annum of raw cacao, about 47% (on the whole 
raw bean) represents the contained fat. On the 
same basis, the home consumption of raw cacao 
of the United Kingdom m 1936, which mounted 
to some 102,000 tons, corresponded to about 
47,940 tons of cacao butter- to this must be 
added imports of cacao butter which ranged 
from 6,407 tons (value £396,052) in 1934 to 
8,660 tons (value £572,890) m 1936, of which 
about 84% and 96% respectively were derived 
from the Netherlands. Domestic exports (in- 
cluding re-exports, which were negligible) 
amounted to about 500 tons in 1934, 1,000 tons 
in 1935, and 2,000 tons in 1936 (valued at 
£36,500, £75,000, and £152,000 respectively) 
Holland is the largest exporter of manufactured 
cacao butter, 17,830,447, 20,954,417, and 
22,641,747 kg (valued at 2,461,257, 3,176,628. 
and 3,986,126 guilders) being exported to all 
parts of the world in 1934, 1935, and 1936 
respectively E. L. 

CACAO RED. A blood red powder obtained 
by Reutter (Compt rend. 1913,156, 1842; Chem. 
Zentr. 1913, u, 518) on hydrolysing a crystalline 
product cacaonn, C,.HmO ( N t , m.p. 184°-I85 0 ; 
the red powder yields glucose, CO, and cacao 
brown when treated with H,SO ( . 

Frncke (Z. Enters Lebensm. 1928, 55, 559 ; 
Chem. Zentr. 1923, u, 2300) describes cacao red 
as Tery soluble in alcohol, red if acid, violet 
when neutral and green if alkaline. Cacao 
brown dissolves in aqueous alkali with a brown 
colour. 

Heiduschka and Bienert (J pr. Chem. 1927, 
\ (u), 117, 262 ; 1928, [u], 119, 199) put forward 

f in their second paper the formula (C.jH^O, Jr, 
and the constitution of a derivative of 3' 4':3.5.7. 
pentahydroxy-6 8 dimethyl-2 3-dihydro8avone. 
Heiduschka and Bienert in their first paper 
obtained cacao red 1-8-2% from cacao beans 
(not defatted) as an amorphous powder of a fine 
red colour, which carbonises when heated with- 
out melting. Very hygroscopic, astringent taste 
Gives no sugar when heated with water or with 
dilute sulphuric acid. Ita solutions are colloidal 
and without dyeing properties (cf. Wehmer, 
I’flanzcnstofTe, 1931, u, 773). 

CACHALOT OIL. Oil obtained from the 
blubber of the cachalot. (For its properties and 
composition, r. Fendler, Cbem.-Ztg. 1905, 29, 
555.) 

CACHOU DE LAVAL. The earliest 
enlphjdc dyestuff, a direct cotton dye prepared 
by heating sawdust, bran, etc., with sulphur and 
sodium sulphide. 

CACODYL CARBIDE 

(CH,),AsC CAs(CH,), 

r. Aesesicals, Oecamc. 

CACODYLIACOL. Guaiacol cacodvlate, 
(CH.)»AsO O C € H,(OCH,),H,0. 

CACODYL I AGO L. Cacodyhacd. Syn. 

for guaiacol cacodylate. 

CACODYLIC ACID, dimethylarsimc acid. 


Me,AsO OH (r. Aesexicals, Oroasic). Tha 
sodium salt is used in medicine. 

CACOTHELINE, C, a H„O,N,(N0 t )„ ta 
a nitro derivative of brucine employed as a 
spot test for tin (r. Chemical Analysis and 
lnd. Eng. Chem. (AnaL] 1935, 7, 26). 

CADALENE. l:6-dimetbyl-4 isopropyl- 
naphthalene is a liquid, b.p. 157®-I5S°/12 nun. 
obtained by dehydrogenation of cadinene with 
sulphur (Ruzicka and Meyer, Helv. Chim. Acta, 
1921, 4, 505), and is the first naphthalene hydro- 
carbon to be prepared from a sesquiterpene. 

CADAVERINE. Pentamethylenediamine, 
NH t -(CHJ s NH r 

CADE, OIL OF (Jumper Tar OH). An 
almost black oD, obtained by the destructive 
distillation of the wood of Junipems oryetdrut, 
a tree growing in the countries of the West 
Jlediterranean. The oil, sp.gr. 0 975-1-010, 
contains a sesquiterpene, cadinene, C.jH,,, 
and is used in chrome skin diseases (B.P.C. 
1934). 

CADECHOL. A molecular compound cf 
camphor and deoxycholic acid. 

CADET’S FUMING LIQUID or AL- 
KARSIN. A brown spontaneously inflam- 
mable oil obtained (17G0) by distilling potassium 
acetate with areemous oxide. Bunsen Bhowed 
that it contained cacodyl oxide, (Me,As),0 (r. 
Aesenicals. Obgaxic). 

C A D I E GUM. Synonym for gamboge 
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The sesquiterpene hydrocarbon, cadinene. 
C„H„, b.p. 134M36711 mm, d? 99319, 
n* J 1-5079, [a]}4n -125 2 s (Henderson and 
Robertson, J.C.S. 1924, 125, 1992), occurs vep' 
widely distributed in nature. It forms the main 
sesquiterpene constituent of oil of cubebs, 
galbanum oil, and oil of cade. The dextro- 
rotatory form, b.p. 13SM40713 mm., a 1 
0-9260, it 1 *’ 1-50934, c D +35 72°, has been 
isolated bv Deussen (J. pr. Chem. 1928, (h) i%>> 
121) from West Indian sandalwood oil. The 
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hydrocarbon is best identified by the preparation 
of the diht/drochloride, m.p. 117°-118®, [o] D 
—36 24° ; the dihydrobromide has m.p. 124°- 
125®, the dihydroiodtde, m.p. i05 D -I06°, the 
nitroeochloride, m.p. 93°-9t\ and the nitrosate, 
m.p. 105MMP. If cadmene is treated with the 
Bertram-Walbaum reagent or heated with 
formic acid at 100° it is isomerised to isoeodmene, 
b.p. 124°-126°/11 mm., d™ 0-914, n” 1-515 
(Henderson and Robertson, J.C.S. 1924, 125, 
1992 ; 1928, 2811 ; Robertson, Kerr and 

Henderson, ibid. 1925, 128, 1946) which is 
probably identical with the hydrocarbon 
separated by Trdgerand FeZman (Arch. Pharm. 
1893, 236, 692) from oil of cade. This hydro- 
carbon has been prepared also by Ruzicka and 
Capato (Helv. Chim. Acta, 1925, 8, 289) from 
nerohdol and bisabolene. 

Cadinene has been shown to be & mixture of 
the two hydrocarbons represented by (I) and 

(II) . On dehydrogenation with sulphur it yields 
cadalene (1:6 dimethyl-4-isopropyliiaphthaIene) 

(III) , whilst on catalytic hydrogenation it givea 

Mrahydrocadalene,C ls H„, b.p. 1 25°-128°/l 0 mm., 
d M 0-8038, 1-48045, a D —20°, thus prov- 

ing tho presence of two ethylenic linkages, 
which cannot bo conjugated smeo cadmene is 
not reduced by sodium and alcohol. One of 
the ethylenic linkages must bo adjacent to the 
isopropyl gronp, since copaene (IV) gives 
with hydrogen chloride cadmene dihydro- 
cbloride (V). An investigation by Ruzicka and 
Stoll (Helv. Chim. Acta, 1924, 7, 86) has shown 
that cadineno on ozonolysis gives a nurture of i 
two dibasic keto-acids, C„H„0 5 , which are 
probably represented by (VI) and - (VII) being 
derived from the hydrocarbons (I) and (II) as 
indicated in the scheme given on p. 189. 

J. h- 6. 

CADINOL. The dextrorotatory form of tho 
sesquiterpene alcohol, cadinol, CjjHjjO, b.p, 
155°-156°/12 mm., d]\ 0 9665, nj,‘ 1-5054, 
o D -f 7'7° v was isolated by Semmler and Jonas 
(Ber. 1914, 47, 2073) from galbanum oil (from 
Peuccdanum galbantjluum and P. rudicaule), 
whilst Henderson and Robertaon (J.C.S. 
tS'Z'S, 2Si!j scow erf tie tevorofatory afeofiof 
{[a] D — 5 4°) to be present in oil of cubebs. The 
presence of these alcohols has been observed 
also in other oik. 

Cadinol is a tertiary alcohol yielding cadalene 
on de-hydrogenation. On treatment with 
hydrogen chloride cadinene dihydrochloride ia 
obtained. According to Ruzicka and Stoll 
(Helv. Chim. Acta, 1924, 7, 94) cadinol ia 
probably a mixture of the three alcohols repre- 
sented by the formula given below. 
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CADMIUM (Eadmium, Ger.) Sym. Cd. At. 
wt. 112-4], at. no. 48. Isotopes, 106, 108, 110, 
111, 112, 113, 114, 116. 

History . — The metal cadmium is of com- 
paratively recent discovery, for it was unknown 
before 1817, in which year Stromeyer obtained 
it from its oxide, having been led to this d«. 
covery by observing the yellow colour of a 
sample of zinc carbonate which was not due to 
iron. At about the same time Hermann found 
that certain samples of zinc oxide when dis- 
solved in hydrochloric acid gave a yellow pre- 
cipitate with hydrogen sulphide, and that this 
precipitate was the sulphide of a new metal with 
properties similar to those observed by Stro- 
meyer. 

Occurrence . — Cadmium occurs in very small 
quantities as sulphide, CdS, in ffreerwcHtt, 
which is a yellow mineral, giving a streak between 
orange-yellow and brick red. It often occurs 
as a coating on zinc ores, and the chief localities 
for its occurrence are Bishopton (Scotland) 
Pribram (Czechoslovakia), and Fnedensville 
(Pennsylvania). Cadmium occurs in small quan- 
tifies, pro 6a bty as sui’pflia'e aAo, ia zme oedpiafir 
orea, and the metal is obtained as a by-product 
during the extraction of zinc by distdlationor 
wet methods from these ores in which it is 
present up to an amount of about 0 4%. It 
occurs also in carbonates and silicates of zinc, 
and is found in most samples of commercial zinc 
obtained by distillation methods. 

Cadmium is also recovered during the treat- 
ment of certain ores of lead and copper. In the 
case of lead orea containing zinc, these may 
contain cadmium up to 0 02%. Small as this 
percentage is, the metal becomes concentrated 
m the fumea from the blast-furnace smelting 
of the ore for lead, and cadmium is found in 
appreciable quantities in the dust obtained from 
the bag-house filtration plant. A small quantity 
of cadmium also finds ita way into the lead or 
base bullion obtained by the smelting of such 
ores and this ia concentrated In the vat residues 
resulting from the electrolytic refining of the 
lead. In the case of copper ores associated with 
zinc minerals, a small amount of cadmium ii 
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frequently present, and here again during the 
blast-furnace smelting of these ores the cadmium 
becomes concentrated in the dust obtained by 
the bag-house filtration of the furnace waste 
gases. Cadmium has also been found in coal 
and in the ash of coal, for example, Richardson 
reported 1-21% CdO in the ash of coal from 
Berwick, Scotland (Jahresbericht, 1847-8, 1, 
1120). Certain strongly acid mine waters in 
the Joplin district contain sulphuric acid, 
zinc sulphate, and small quantities of cadmium 
sulphate, the last of which has also been re- 
ported as present in mine waters in the Missouri 
zinc region. Hillebrand reported 0-1% Cd 
in the waters of a spring on Shoal Creek, 
Missouri (Bull. U.S. Geol. Survey, 1893, 113, 49). 

In recent years the demand for cadmium and 
its compounds has increased enormously, and 
the chief producers have been U.S.A., Canada, 
France, Belgium, Australia, Norway and 
Poland. There are potential supplies of the 
metal in Italy, also from zinc ores, and another 
source is the accumulated flue dust at the 
Otavi mines at Tsumeb (British South-West 
Africa), shipments of which have already been 
made to Germany for treatment. Cadmium is 
also recovered in this country during the 
purification of zinc sulphate, in the manufacture 
of lithopone, and from various residues of zinc 
extraction processes. 

Preparation. — (a) Cadmium was formerly ob- 
tained from the first portion of distillate during 
zinc ore reduction. In the reduction in retorts 
of the zinc oxide produced from zinc ores the 
first portions of the distillate consist of a mixture 
of the metals zinc and cadmium and their oxides, 
but contain a higher percentage of cadmium (on 
account of its higher volatility) than the original 
ore. By collecting this material, mixing with 
fine coke, and submitting it to further distilla- 
tions, at a dull red heat (800°), cadmium 
containing a little zinc is obtained which may 
be further purified by distilling in vacuo. E. A. 
Partridge obtained spectroscopically pure cad- 
mium by redistillation in vacuo nine times 
(Amor. J. Sci. 1890, 40, 377). (6) From the wet 
process of zinc extraction. The greater part 
of the cadmium recovered is now obtained as a 
by-product during the treatment of zinc ores 
for tho electrolytic deposition of the zinc. The 
zinc concentrates are roasted and leached with 
sulphuric acid. After removal of copper from 
tho solution thus obtained, any cadmium present 
iB precipitated by means of zinc dust. The 
metal is thus obtained as a spongy mass 
which is partially oxidised, dissolved in 
Bulphuric acid, and the cadmium deposited 
elcctrolytically, an anode of ferrosilicon and a 
cathode of cadmium being used, this cathode 
having been previously deposited on metallic 
aluminium and removed therefrom. The de- 
posited cadmium is melted down in an electric 
furnace under caustic soda and cast into sticks. 

Flue-dusts, bag-house products, etc., contain- 
ing cadmium are treated in a similar manner. 

At the works of the National Smelting Co., 
Avonmouth, various residues from the zinc 
smelting process are treated as above for the 
recovery of cadmium sponge, which is then 
submitted to distillation yielding metal con- 


taining over 99-95% Cd (Metal Ind. 1937, 50, 
113). 

Detection and Estimation. — See Chemical 
Analysis (pp. 567, 580, 590, 654, 700). 

Spedrography. — A. de Gramont, using a quartz 
spectrograph, found the most sensitive rays to 
be 2,288-0 and 2,265-0, the latter being the last 
to disappear (Twyman, “ Wave Length Tables,” 
A. Hilger, London, 1931). By using the line 
2,288-0, it was found possible to determine 
from 0-001 to 0-75% cadmium in zinc, using 
tin lines as supplementary standards of intensity. 
It is also estimated that about 0-00005% 
cadmium can be detected with certainty in lead 
samples, using the arc method (“ Metallurgical 
Analysis by the Spectrograph,” D. M. Smith, 
Brit. Non-Ferrous Metals Research Assoc., 
1933). 

Proparlies . — Cadmium has a white colour with 
a tinge of blue, a metallic lustre, and takes a 
high polish. It is soft, giving a metallic streak 
on paper but less readily than lead ; it is harder 
than tin and softer than zinc. It is ductile and 
malleable and may be drawn into fine wire or 
hammered into thin leaves. When heated to 80° 
it becomes brittle and may be powdered in a 
mortar. When pure it crystallises in hexagonal 
pyramids and emits a crackling noise like tin 
when bent and gives a brilliant crystalline 
fracture. It has been contended that there are 
two allotropic modifications of cadmium with 
a transformation temperature of 37-5° or 60°, 
although opinions are divided on this point. 
Recent work by Owen and Roberts on the 
thermal expansion of the crystal lattices of 
cadmium gives no evidence of such a change 
(Phil. Mag. 1936, [vii], 22, 146, 290). 

Cadmium melts at 320-9° and boils under 
atmospheric pressure at 767°. Its vapour is 
yellowish-brown and at 1,040° the vapour 
density is 3-94 referred to air and 56-3 referred 
to hydrogen, suggesting that at that tempera- 
ture cadmium is monatomic. The latent heat 
of fusion is 13-0 g.-cal. and of vaporisation (cal- 
culated from vapour pressure) is 251 g.-cal. The 
specific heat of the solid metal varies from 
0-0019 at 10°K.,. 0-0474 at 100°K., 0-0527 at 
200°K., 0-0552 at 300°K., 0-0617 at 594°K. 
(solid) to 0-0667 at 594°K. (liquid) (F. Lange and 
F. Simon, Z. physikal Chem. 1928, 184, 374). 
Other results give from 0-0551 at 75°C. to 
0-0620 at 300°C., that of the liquid metal between 
the temperatures of 350° and 600° is 0-0617 
g.-cal. per degree C. (S. Umino, Sci. Rep. 
Tohokui 1926, 15, 597). 

The cast metal has a density of 8-648, which 
may be increased by cold work (rolling, hammer- 
ing, etc.) to 8-6944. By heating cadmium in a 
cadmium sulphate solution at 60°-70° for 12 
hours the density fell from 8-655 to 8-648 (A. C. 
Egerton and W. B. Lee, Proc. Roy. Soc. 1923, 
(A), 103, 48). The shrinkage on solidification is 
4-74%. The Brinell hardness of cast ca dmium 
is about 21-23 kg. per sq. mm. under a load of 
500 kg. applied by a 10 mm. ball for a period 
of 2 minutes. The effect of forging or rolling 
the metal is to increase its hardness at first, the 
maximum hardness value being reached about 
1 day after the operation, then rapid softening 
proceeds for a period of from 10-100 days, the 
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worked metal becoming ultimately softer than 
the cast material. The tensile strength of the 
cast metal wanes from 3-75 to 4-7 tons per sq in. 
with an elongation of 66-46%. The effect of 
cold work is to increase both tensile strength 
and elongation, but long ageing after work 
hardening causes a redaction to figures below 
those obtained for the cast metal (C. H. M. 
Jenkins, J. Inst. Metals, 1931, 45, 307). 

The thermal conductivity of the metal is 
22 g.-cal. per cu.m, per degree per sec , and the 
electrical resistivity in microhms per cm. s at 
20C. for extruded rod is 6 85 and for drawn 
wire 7-59 ; at 100° for extruded rod 9 03, and 
for drawn wire 9 94 (Jenkins). The linear ex- 
pansion coefficient at 0°-100° is 0 0000306. The 
surface tension of liquid cadmium varies from 
570 dynes per cm at 330° to 597 at 400°. Cad- 
mium is diamagnetic. Colloidal cadmium may 
be obtained by sparking under water using a 
cadmium cathode. 

When heated in air to a temperature of 300° 
a brown oxide layer is formed on the surface 
of the metal accompanied by a weight increase 
dorrng the first 50 hours of heating, after which 
time further heating, even up to 400 hours, 
gives no increase in oxidation, the layer of oxide 
becoming impervious (Pilling and Bedworth, J. 
Inst. Metals, 1923, 29, 575). On heating to 
higher temperatures cadmium boms, evolving 
brown fumes of oxide. Moist air oxidises 
the metal superficially, covering it with a 
greyish-white film. The metal does not decom- 
pose water at 100®, but cadmium vapour 
decomposes steam forming the oxide and liber- , 
ating hydrogen. When finely divided cadmium 
is moistened with a 10% solution of sodium 
or potassium hydroxide m the presence of air 
or oxygen and the excess moisture removed 
by pressing, a reaction occurs with incandescence 
and the metal is completely converted into 
oxide (W. S. Sebborn, Trans. Faraday Soc. 
1933, 29, 659). The metal is attacked readily 
by hydrochloric, sulphuric and especially by 
nitric acid, and dissolves slowly in acetic acid. 
It combines directly with the halogens (in 
aqueous solution) and forms double sits with 
potassium, calcium, magnesium, etc. Its salts, 
especially the iodide, are but slightly dissociated 
in solution, and hence precipitation of the 
metal is us u ally incomplete. The salts, the 
vapour of the metal, and that of the oxide are 
poisonous and cause severe diarrhcea, violent 
vomiting, and dryness of the mouth and throat. 

Alloys. — Small amounts of cadmium with 
copper increase the mechanical strength, e.g. 

0 98% Cd increases that of hard drawn copper 
wire 80% while decreasing the electrical con- 
ductivity only 14-5%. Thus copper containing 
0 8-1 0% Cd is reported to have the best com- 
bination of electrical and mechanical properties 
of any material available for trolley wires and 
other electrical purposes (Q. W. Preston, Elec. 
Rev. 1935, 116, 372). Even 0-15% Cd in copper 
stabilises the work -toughening of the metal under 
exposure to heat (up to 300°), such as may be 
caused, for example, by a short circuit. The com- 
pounds Cu.Cd and CUjCdj were indicated in the 
earlier work on the cadmium-copper Beries (Sah- 
men, Z. anorg. Chem. 1906, 49, 301), but later 


work by Jenkins and Hanson shows that there 
are six primary constituents capable of eeparat- 
ing from the liquid state and that there are two 
eutectics, one containing 39% Cu at 544° and the 
other 1-2% Cu at 314° (J. Inst. Metals, 1924,31, 
257) ; the alloys rich in cadmium are steel grey 
and soft, but harden as copper is increased up to 
26 5%, after which the hardness decreases and 
the copper colour appears. Cadmium alloys 
containing more than 80% sifter give uniform 
and homogeneous metal better suited for trial 
plates for silver coinage and silverware than the 
corresponding copper-silver alloys. The low 
silver alloys take a high polish, tarnish less than 
silver, and are used for mirrors ; these alloys 
may be deposited electrolytically. Silver alloys 
containing up to 25% cadmium are used for 
silver plating, and silver-cadmium alloys con- 
taining some copper are white and used by 
jewellers for plate and wire. An alloy containing 
Cd 97-5, Ag 2-25, Cu 0-25% has been used for 
hearings in automobiles. Cadmium forms amal- 
gams with mercury, formerly used by dentists 
but now largely abandoned as they cause a dis- 
coloration of the dentine. The cadmium-ntcitl 
senes shows a eutectic at 0-25% Ni at 318°, con- 
sisting probably of Cd and NiCd, (C. E. Swartz 
and A. J. Phillips, Amer. Inst. Min. Met. Eng 
i934, 111, 333). Cadmium-nickel alloys con- 
taining 1-2% nickel are used for bearing metals 
and have good frictional properties. Owing to 
their relative high melting point and wear 
resistance they are suitable for bearings of high- 
compression type engines, motor cars, etc. A 
1-35% Ni alloy casts easily, bonds readily to the 
common backing material, is not easily oxidised, 
and its hard constituent NiCd 7 does not 
'scratch the softest steel: this is being manu- 
factured under licence in this country under 
the name “ Asarcoloy.” 

With zinc there is a eutectic 83 6% Cd, 
m.p. 203°, and the high cadmium alloys are used 
as substitutes for brazing metal for cases in 
which the ordinary working temperature would 
affect the properties of the brazed metal. These 
alloys are considerably stronger than the lead 
tin solders. The addition of cadmium to 
brass above 1 0-1-5% materially reduces the 
strength, t q. 4% cadmium practically destroys 
the strength of a' 70% Cu, 30% Zn brass. 
Cadmium is sometimes used as a partial or total 
substitute for tininlead-tm soldereand cadmium- 
lead alloys containing 82-97-5% lead have been 
recommended for bearing metals. The ternary 
bearing metal Cd 96-7, Cu 3-1, Mg 0 2 is of 
high class, having a greater hardness, higher 
melting-point and lower coefficient of friction 
than the tin-base bearing metals. It does not 
begin to distort under a pressure <2,500 lb. 
per sq. in. as against a pressure <1,500 lb. per 
sq. in. for the tin-base alloys and is used for 
automobile crankshaft and other bearings. One 
of the specifications of the British Non-Ferrous 
Metals Research Association for cable sheathing 
to resist the cracking tendency consists of lead 
containing 0 25% Cd and 0-5% Sb. Cadmium 
enters into the composition of a large number 
of ternary and quaternary alloys containing 
bismuth, many of which melt below 100 (P- 
Bismuth, Alloys of Bismuth). 
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Cadmium is used in a number of alkaline cells 
and accumulators ; a primary cell giving a 
large ampere-hour output at a low but constant 
E.M.F. was described by Edison in 1900 ; 
cadmium amalgams are used in standard cells 
employed in standardisation and testing as they 
are capable of giving a constant E.M.F. inde- 
pendent of varying conditions. Alkaline 
accumulators for which cadmium is required 
are largely used and have distinct advantages 
over ordinary lead cells, as they may be com- 
pletely discharged or allowed to remain charged 
without attention and with no harmful results. 
Cadmium Platings and Coatings . — The use of 
cadmium for plating purposes is growing in 
popularity and was first applied to the water- 
proofing of piano wires, then to motor parts 
and accessories. It is used as a substitute for 
silver on ornamental articles and for nickel and 
chromium in other industries. Cadmium plating 
is best carried out in cyanide baths although 
acid solutions of the chloride or sulphate are also 
used. A. Siemens (Z. Elektrochem. 1930, 36, 
101) recommends in cyanide baths a 10% 
excess of cyanide over that needed to form 
K 2 Cd(CN) 4 . The cadmium content of the 
solution is 40-50 g. per litre, the process being 
carried out at 40°. The throwing power of 
these baths is so good that articles of compli- 
cated design may be plated. The efficiency is 
93-98%, a coating 5/i thick being produced in 
15 minutes with a cathode current density of 
1 amp. per sq. dm. The.addition of small quan- 
tities of colloids, and of copper, nickel, or cobalt 
compounds is said to aid the formation of good 
deposits. F. Pietrafesa and C. Luciani (Met. 
Ital. 1932, 24, 1) suggest sodium- cadmium 
baths. Increase in cadmium concentration 
gives increase in cathodic yield and in grain 
size. Increase in free NaCN, NaOH, or 
Na 2 C0 3 increases the efficiency of the bath but 
reduces adhesion. Gelatin is found to be the 
best colloid for refining the grain size, but if 
this be used the presence of tin, lead, or antimony 
in the bath is deleterious. A zinc-cadmium 
brass (Cu 60-C3, Zn 16-18, Cd 20-23%) may 
bo deposited from cyanide baths ; variations 
in the composition of the deposit may be effected 
by varying the composition of the bath, the 
current density used, the temperature of the 
bath, or the rate of agitation. Ternary alloys 
of zinc, cadmium and antimony may be 
electro-deposited from solutions containing zinc 
and cadmium as cyanides, and antimony as 
potassium antimonyl tartrate. A high cadmium 
concentration is required for an appreciable 
percentage of cadmium in the deposit. 

Cadmium coating may be effected by spray- 
ing the molten metal on to the object to be 
treated, and such coatings are stated to be 
superior to zinc in protecting petrol storage 
tanks from corrosion (Pessel, Ind. Eng. Chem, 
1930, 22, 119). Cadmium affords better pro- 
tection to iron and steel than does zinc against 
corrosion by the salt spray test and also in a 
warm, damp atmosphere and even if the coating 
be pierced the underlying metal is still protected. 
Against industrial atmospheres zinc is better 
than cadmium (<•/. G.W. Blum, Metal Progr. 1936, 
29 ,40). Cadmium coatings are superior to zinc 
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as a protection against sea-water, but they are 
corroded by acetic, tartaric, citric and lactic 
acids, and by acid foodstuffs such as vinegar, 
cider and fruit acids, giving cadmium salts in 
quantities toxic to human beings. 

Compounds of Cadmium . — Cadmium Mon- 
oxide, CdO, is prepared by heating the carbonate, 
nitrate or hydroxide, or by burning the metal 
in a current of air or oxygen. It has also been 
obtained by heating cadmium in contact with 
the vapour of water, although if steam be 
passed over the heated metal the latter volati- 
lises below the temperature of reaction. This 
oxide is also formed by the action of sodium 
peroxide on molten cadmium, by the calcination 
of cadmium oxalate, by heating a mixture of 
cadmium chloride and mercuric oxide, or by 
melting cadmium fluoride with alkali carbonate. 
As usually prepared and met with, it is a dark 
brown refractory powder, and if this powder be 
heated in a current of oxygen it forms a dark 
red crystalline mass. It volatilises in air free 
from reducing agents at 700° as compared with 
the volatilisation of zinc oxide at 1,000°. It is 
insoluble in -water but soluble in acids. It 
absorbs carbon dioxide from the atmosphere 
and is readily reduced to metal by carbon or 
carbon monoxide. Its reduction by solid carbon 
commences at about 600°. It is used in alkaline 
accumulators. When finely ground with water 
(with or without zirconium silicate), moulded 
into shape, and heated to 800° it forms a mass 
of high tensile strength which is used for 
resistors in electric furnaces, and these are stable 
at high temperatures and more durable than the 
usual metal resistors. It becomes conducting 
when heated and therefore requires an auxiliary 
heating circuit (U.S.P. 1467810, 1923). 

Cadmium Hydroxide, Cd(OH) 2 , is a white 
amorphous powder precipitated by the action of 
alkalis on solutions of cadmium salts. It is 
soluble in ammonia but insoluble in solutions 
of sodium or potassium hydroxide or ammonium 
carbonate. It loses the elements of water at 300°. 

Cadmium Suboxide, Cd 2 0, is formed when 
cadmium oxalate is heated in a stream of carbon 
dioxide (Tanatar, Z. anorg. Chem. 1901, 27, 433), 
or when cadmium oxide is heated with carbon 
monoxide (Brislee, J.C.S. 1908, 93, 162). It 
may also be prepared by dehydrating cadmous 
hydroxide, obtained by the action of water on 
the product formed by fusing cadmium chloride 
-with metallic cadmium (Morse and Jones, J. 
Amer. Chem. Soc. 1890, 12, 488 ; cf. Denham, 
-J.C.S. 1919, 115, 556). 

Cadmium Peroxide . — Haas prepared the per- 
oxide with a composition ranging from Cd 6 0 8 
to Cd 3 0 6 (Ber. 1884, 17, 2249), while more 
recently Perkins has prepared peroxides corre- 
sponding to the formulas C d,0 s ,xH„0, 
Cd 4 0,,2H 2 0, and 3Cd0,2H 2 0 2 ; cadmium 
oxide can be peroxidised by ozone at ordinary 
temperatures (J.C.S. 1929, 1687). 

Cadmium Chloride, CdCI 2 , is prepared by 
evaporating the solution of the metal or oxide 
in hydrochloric acid. It melts below a red heat 
and sublimes at a higher temperature, con- 
densing in the form of micaceous plates. The 
hydrated chloride separates from a solution as 
CdCI 2 ,2JH 2 0. 
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Cadmium Iodide, Cdl x , is obtained by 
digesting 1 part of cadmium with 2 parts of 
iodine in water and evaporating. It crystallises 
in large transparent tables solable in water and 
alcohol. It is now seldom used in medicine. 
On account of its stability and solubility in 
alcohol has been used for iodising collodion 
plates m photography 

Cadmium Sulphide, Cadmium Yellow, Jaune 
BrtUanl, CdS. — Occurs in the mineral 
greenockite. This compound may be prepared 
by the action of hydrogen sulphide on a solution 
of a cadmium salt or on cadmium vapour or by 
heating cadmium or preferably cadmium oxide 
with excess of sulphur. It has also been pro- 
duced electrolytically in a two-compartment 
cell Sticks of electrolytic cadmium were used 
as anode and steel as cathode, and a weak acid 
solution of an alkali sulphide as electrolyte. 
Ferrous sulphide dissolved m the cathode com- 
partment acted as the source of sulphur, the iron 
remaining in a finely divided state as a by- 
product The cadmium sulphide was precipi- j 
tated in the anode compartment (C G. Fink and 
W. 51. Grosvenor, Jnr , Trans. Arner. Electro 
them. Soc. 1930, 58, 475). That prepared by 
the first method has the best colour and covering 
power. The various hues of different prepara- 
tions depend on whether the substance is crystal- , 
line or amorphous, and on the size and nature 
of the surface of the grains It may be lemon 
yellow or orange red m colour, and when heated 
to redness it becomes first brown and then 
carmine. It melts at 1,750° under 100 atmo- 
spheres pressure and solidifies on cooling, in 
lamina! of the original colour It is decomposed 
by roasting and is soluble in concentrated 
hydrochloric acid, it is also soluble in mtnc 
acid, and with difficulty in sulphuric acid. 
Cadmium sulphide has a brilliant colour and 
is used as an oil and a u ater colour, and especially 
in the pottery trade. It is used for colouring 
soaps and in calico printing, also for colouring 
rubber articles, in which it has no adverse effects 
on the properties and is supposed to assist 
vulcanising ; it is also used for the production of 
a blue flamo in pyrotechny. It is made into 
enamel pigments by adding alkaline or alkaline 
earth sulphides to a solution of a cadmium salt 
and igniting the product. The colours range 
from bluish red to orange-red. In association 
with selenium, red pigments known as cadmium 
red are obtained by heating 89-90 parts of 
cadmium sulphate with 20-10 parts of selenium, 
the product consisting of a mixture of crystals 
of eulphide and eelemde of cadmium. Cadmium 
sulphide, on account of its cost, is very seldom 
used alone, but is mixed or adulterated with 
other pigments. Pigments composed of sul- 
phide carbonate mixtures or sulphide selemde 
mixtures are most prominent. The cadmopones 
which are suitable for use as industrial pigments 
consist of cadmium sulphide or sulphide- 
selemde mixtures co precipitated with barium 
sulphate; these, although more expensive than 
Jithopone, have a better colour and a greater 
covering power. Zinc-base pigments are the 
chief adulterants used ; adulteration with copper 
or lead-base pigments results in double decom- 
position and blackening, on mg to the formation 


of black sulphide of copper or lead. Cadmium 
sulphide is often used as a final coat over several 
coats of chrome yellow. 

Cadmium Sulphate, CdS0 4 , is a very soluble 
salt prepared by dissolving the oxide or car- 
bonate m sulphuric acid. The hydrous salt 
3CdS0 4 ,8H 2 0, is the principal form met with. 
It loses its water at 170° and its SO, at 890°. 
It is used to some extent in medicine in place 
of zinc sulphate, especially on the Continent. 
It is also used in the construction of the Weston 
normal cell as a standard of E.M.F. The cell 
is usually made in the form of an H. One of the 
limbs contains mercury covered by a paste of 
mercurous sulphate, the other contains cadmium 
amalgam. Above both, to nearly the top of the 
limbs, which are closed by waxed corks, is a 
saturated solution, with crystals of ca dmium 
sulphate. Through the glass of the lower limbs 
platinum wires pass. The cell has an E.M.F. of 
1 0183 volts at 20°, and has the advantage of a 
very low temperature coefficient, falling by 
0 00004 volt for a temperature rise of 1“. 
Cadmium sulphate forms double salts with 
ammonium sulphate ; one such salt has the 
formula 

CdS0 4 -(NH 4 ) 1 S0 4 ,6H 2 0, 
and another salt having the formula 
2CdSO 4 -(NH 4 ),S0 4 

consists of microscopical crystals, hygroscopic, 
jellow when hot, white when cold, and has <l n 
3 11 (Veres, Compt. rend. 1914, 158, 39). 

Cadmium Nitrate, CdtNOjjjjdHjO, « pre 
pared by dissolving the oxide or carbonate in 
nitric acid It crjstallises m deliquescent 
fibrous needles, soluble in alcohol. Cadmium 
nitrate is used as a colour for glass and porcelain 
in the ceramic industry. 

Cadmium Cyanide, Cd(CN),, is obtained as a 
white precipitate when potassium or sodium 
cyanide is added to a fairly concentrated solu- 
tion of a cadmium salt. It dissolves in excess 
of KCN or NaCN, and this solution is used as 
the electrolyte for electro deposition of cadmium. 

Cadmium Salicylate is prepared from the 
acid and the oxide or carbonate. It is readily 
soluble in alcohol, ether or glycerol, and is used 
in medicine as an external antiseptic. C. 0. B. 

CADMIUM LITHOPONE. A yellow 
pigment in which cadmium sulphide replaces 
the zinc sulphide of ordinary lithopone 
(ZnS+BaSQ 4 ), 

or a mixture of cadmium sulphide and barium 
sulphate precipitated together. 

CADMIUM ORANGE, CADMIUM 
RED. A mixture of cadmium sulphide and 
cadmium eelenide in varying proportions 
together with barium sulphate. The colour 
range is from red to purple {cf. J. Amer. Ceram. 
Soc. 1930, 13, No. 5, u, 44, and G.P. 337992 of 
4/9/19 with addition 388535 of 31/1/20). 

CADMIUM YELLOW. The pigment con- 
sists of cadmium sulphide, which exists in two 
modifications, lemon jellow and orange red ; the 
commercial pigment varies in shade within these 
limits 

CAERULEOELLAG 1C AClD,C 11 H l Ojer 

is prepared by heating ellagic or flavellagic acia 
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with sulphuric acid (monohydrate) at 185°-200°, 
or with arsenic and sulphuric acids at 100°-130° 
(Perkin, J.C.S. 1911, 99, 1442). It crystallises 
from pyridine in small pale yellow prismatic 
needles which melt above 360° and are very 
sparingly soluble in the usual solvents. Con- 
centrated solutions of the alkali hydroxides dis- 
solve it with a greenish-yellow 'colour which, on 
dilution, becomes green and finally blue ; these 
changes appear to arise from oxidation. On dis- 
tillation with zinc dust fluorene is produced. 

The hexa-acetyl derivative, colourless needles, 
m.p. 330°-332°, and the hexabenzoyl compound, 
colourless needles, m.p. 343°-345°, have been 
prepared. 

When digested with aqueous-alcoholic potas- 
sium hydroxide, caeruleoellagic acid yields 
octahydroxydiphenyl, an almost colourless cry-, 
Btalline powder, soluble in dilute potassium 
hydroxide with a reddish-violet colour which 
becomes brown on exposure to air. The 
octa-acetyl derivative, colourless needles, melts at 
177°-178°. 

The following constitution is therefore assigned 
to caeruleoellagic acid : 


O— CO 



Caeruleoellagic acid possesses well-marked 
dyeing properties and yields the following 
shades on mordanted woollen cloth : 

Chromium. Aluminium. Tin. Iron. 

Deep olive- Greenish- Dull Greenish- 

yellow. yellow. yellow. black. 

A. G. P. and E. J. C. 
C/ERULEUM MONTANUM v. 
Azurite. 

p/ESALPINA SAPPAN (Fam. Legu- 
minosse). An Indian tree, the wood of which, 
used as an astringent in place of logwood, con- 
tains brazilin. The drug is known as sappan, 
C/ESIUM. Sym. Cs. At. wt. 132-91, at. 
no. 65, no isotopes. 

History. — The discovery of the element 
crcsium was hastened by the use of the spectro- 
scope. In 1846 C. F. Plattner (Pogg. Ann. 
1846, 99, 443) analysed the mineral pollucite 
from the Isle of Elba and was mystified on 
finding that the constituents determined totalled 
only 92-75% ; careful search did not reveal any 
error in analysis or the omission of any con- 
stituent. In 1860 R. Bunsen and G. KirchhofT 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1860, 
221) using the recently devised spectroscope to 
examine the mineral constituents of the spring 
waters of Durkheim, observed two lines of 
unknown origin ; these they attributed to a 
new alkali metal, for which they proposed the 
name cresium, from the Latin ceesius for blue as 
of blue eyes ; this was the first element to be 
detected by the spectroscope, and for the investi- 
gation of the compounds of the elements found 
in this water 40 tons were evaporated. In 1864 
F. Pisani (Compt, rend. 1864, 58, 714) repeated 


the analysis of the mineral pollucite and found 
that the whole of the potassium and part of the 
sodium reported by Plattner should have been 
determined as cresium, which would account for 
the 7-25% missing in the analysis. 

Occurrence. — Minerals containing cresium are 
widely distributed in nature, but there are few’ 
deposits rich enough to furnish large supplies 
of the metal. Most of the minerals containing 
csesium contain the elements rubidium and 
lithium also. Lepidolite {y.v.) is one of the best 
known lithium- and rubidium-bearing minerals ; 
•it is a complex lithia mica and has been found 
to contain as much as 0-77% Cs 2 0. Petalile, 
Li 2 0,Al 2 0 3 ,8Si0 2 ; amllygonite, 2LiF, 
A1 2 0 3 ,P 2 0 5 ; triphylite (LiFeP0 4 with some 
Mn) ; lithiophilite (LiMn P0 4 with some Fe), 
and camallite, KCI,MgCI 2 ,6H 2 0, may contain 
• small quantities of csesium in addition to con- 
siderable quantities of Li 2 0. Csesium occurs 
free from rubidium and lithium in the rare 
mineral pollucite or pollux from Elba and 
Hebron (Maine) ; this mineral is a hydrated 
csesium alumino-silicate in which the alumina is 
associated with ferric oxide, it may contain up 
to 32% Cs 2 0. (For treatment, see A. Kastler, 
Bull. Soc. chim. 1927, [iv], 41, 428.) Csesium 
is also found in the mineral waters of Franken- 
hausen, Baden-Baden, Vichy, and the Wheal 
Clifford Spring ; 1 litre of the latter was found 
to contain 1-71 mg. by T. Yorke (J.C.S. 1872, 
25, 273). It occurs in the waters of Bourbonne- 
les-Bains to the' extent of 32-5 mg. of CsCI per 
litre. Csesium has also been found in notable 
quantities in the products of the eruption of 
Vesuvius (F. Zambonini and L. Coniglio, Atti 
R. Accad. Lincei, 1926, [vi], 3, 521). It is 
also found in sea-water and in the ashes of 
plants. 

Separation. — See Chemical Analysis (p. 
585). 

Preparation. — Csesium metal maybe prepared 
by the electrolysis of a fused mixture of csesium 
cyanide 4 parts, and barium cyanide 1 part, 
using electrodes of aluminium (Setterbcrg, 
Annalen, 1882, 211, 100). It was obtained by 
N. W. Beketoff by heating the hydroxide with 
aluminium in a nickel retort and condensing the 
metal in a glass receiver (J. Russ. Pliys. Cliem. 
Soc. 1888, 20, 363). The metal was also 
obtained by Erdmann and JJenke (J. Amer. 
Chem. Soc. 1899, 21, 259) by heating a mixture 
of ciesium carbonate and metallic magnesium, 
and a similar method for the reduction of cresium 
hydroxide was used by E. Graefe and M..Eckardt 
(Z. anorg. Chem. 1899, 22, 158). A more rapid 
method giving a better yield is reduction by 
calcium ; 1 part of calcium in small pieces 
together with 4 parts of cresium chloride are 
heated in an exhausted hard glass tube ; reduc- 
tion takes place at about 400°, when the cresium 
volatilises and condenses in the cooler part of the 
tube (L. Hackspill, Ann. Chim. Phvs. 1913, 
[viiij, 28, 613). R. E. Miesse has more recently 
patented a process for the preparation of the 
metal by heating cresium chloride and a rare 
metal alloy to 270° in an exhausted glass vessel 
until all traces of gas are removed. The 
mixture is then more strongly heated by radia- 
tion from an electric heater until reaction takes 
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place nith the production of caesium metal and greyish white in colour, fuses readily at a 
rare earth chlorides (U.S.P. 1707637, 1§29). red heat and crystallises from the fused mass in 
Detection and Estimation. — See Chemical opaque bnt tie crystals. Its sp gr. i3 4 018. It 
Analysis (pp. 566, 585) is very hygroscopic and dissolves in water with 

Spedrography — The more persistent lines great evolution of heat due to the formation of 
obtained with caesium chloride solutions, using a hydrates and also to ionisation. Ccesium 
spark method, are 4,593 2,4,555 3. 4,538 9. and monoxide, Cs 2 0, is prepared as an orange- 
2,525 6 (Twyman, “ Wave Length Tables,” red powder by burning ciesium in insufficient 
A. Hilger, London, 1931). A de Gramont, also oxygen for its complete oxidation and distilling 
using spark methods, states that the distinctive off the excess metal ; it may also be prepared 
lines are 4,593 2 and 4,555 3 H. Lundegarth by shaking a solution of caesium in liquid 
confirms these figures but recommends a flame ammonia with oxy gen, w hen a pale pink preeipi- 
spectrum technique and claims that the line tate of Cs 2 0 is obtained. Caesium peroxide, 
4,593 2 will detect 00005 mol per litre (“ Die Cs0 2 , is formed by heating caesium to 300° m 
Qualitative Spehtranalyse der Elemente,” Jena, excess of oxygen (Rengade). On heating CsO, 
1929). or on heating caesium in the theoretical amount 

Properties. — Caesium is a silvery-white metal of oxygen the oxide Cs 2 O a is formed. Caesium 
resembling rubidium and potassium in appear- hydride, CsH, is obtained as a white crystalline 
anee. Its space lattice is body centred cubic compound on heating the metal in hydrogen 
and the size of unit cell is 6 05 A. It is soft at 300°. It is liable to ignite in a damp atmo- 
enough to be cut with a knife, tarnishes rapidly sphere and decomposes into metal and hydrogen 
in air, and decomposes water at ordinary tem- on heating to 500°. It is coloured by exposure 
peratures The action on water can be detected to cathode rays (Rengade). Ccesium sulphate, 
at —116° , it may be preserved m petroleum Cs 2 SO,, has properties similar to those of the 
Its sp gr. at 0° is 1 9029 (L HackspiU, Compt. alkali sulphates. It forms alums with the sul- 
rend. 1911, 152, 259), its melting-point is phates of the trivalent elements. It may be 
28 45° (E. Rengade, Cbrnpt. rend. 1913, 156, used for the detection of aluminium ; when its 
1897), and its boiling point 670°. It bums with solution is added to a solution of an aluminium 
a reddish violet flame. The heat of fusion is salt a copious precipitate of the insoluble alum, 
3 766 g cal, the specific heat of the solid Cs 2 S0 4 AI 2 (S0 4 ) s ,24H 2 0, comes down (Hart 
metal is 0 0522+0 000131 and of the bquid and Huselton, J. Amer. Chem. Soc. 1914, 38, 
metal 0 0604+0 0000341 , the atomic heat at 0° 2082) This test is sensitive to 0 1 mg per c c. 
is 6 95 (Rengade, l c ) The coefficient of Al, and only bismuth interferes Ccesium 
expansion of the solid metal is 0 000291 and of chloride, CsCI, melts at 626°. It volatilises at 
the liquid metal up to 50° is 0 000345 (Hack- high temperatures without decomposition. At 
spill, le ). It is the most electro positive of the 2,000° the vapours are composed of simple 
elements. Its salts are stable and it has a molecules. It boils at 1,303° under 760 mm. 
strong tendency to form double salts. The salts pressure The percentage contraction of casium 
are isomorphous with those of potassium and halides on formation is very high and is equal to 
rubidium. E. Rinck (Compt. rend. 1934, 199 , 54 9 % with CsCI. The property of forming 
1217) has determined the equilibrium diagram polyhahdes is connected with the volume of the 
of the cesium sodium alloys by thermal analysis, cation, so that caesium with the largest atomic 
A eutectic point occurs with 75 at. % Cs at volume forms them readily, and Csl 2 , Csf 5 , 
—30° and a transition point with 71 at. % at and Csl, are known, also CsBr 2 and C$Br c , 
—8°, a compound Na t Cs being deposited but no polychlorides. There are, however, a 
between these points considerable number of polyhalides containing 

Uses.— There 13 little demand for caesium, but different halogens such as CslBr 2 , CsICI 2 , 
it appears on the market as salts, mainly CsBrCI 2 , CsCIBr 2 . The colour gradates from 
chloride and hydroxide, and only rarely m the the black of polyiodide through orange to a pale 
metallic form. It has been used in the mana- yellow in the.bromochlondes. Cs 1 3 is so stable 
facture of radio-valves , caesium chloride that it has a decomposition pressure of only one 
is mixed with magnesium and calcium and atmosphere at 250°. When a polyhabde is 
compressed into small pellets which are mtro- exposed to air or is heated it becomes white and 
duced into the tubes The pellets are flashed, the simplest alkali halide containing the most 
eliminating the last traces of air and thus negative of the halogen atoms is left behind, 
securing the desired vacuum. The caesium C. O. B. 

chloride supplies positive ions at the filament. CAFFEAR1NE. Pound in the mother 
Caesium is employed to a certain extent in the liquors of caffeine from coffee berries. It is 
manufacture of photoelectric cells, where it is identical with trigonelline (v. Betaines) (Gorier, 
present as a molecular layer on the silver or Annalen, 1910, 372, 237). , 

base metal electrode. The photo emission of CAFFE 1C ACID, 3 :4-dihydroxy cinnamic 
the thin caesium layer is greater than that of the acid, C e H a (OH),CH :CH-COOH, crystallises 
massive metal. It is employed also in certain anhydrous in yellow prisms from concentrated 
luminous tubes containing neon under reduced aqueous solution, but with I mol. H t O from the 
pressure ; the electrodes arc mainly of graphite dilute solution. It is found in coffee beans, also 
and contain occluded caesium vapour. Caesium in the resin of Pinus laricio, in hemlock, and in 
is found to promote the catalytic action of iron the batk of Cinchona cuprea. Coffee beans 
in the synthetic ammonia processes (U.S.P. contain chlorogemc acid, which splits up 
I51059S). into caffeic acid and quinic acid. The melting- 

Compou nds. — Ccesium hydroxide, CsOH, is point recorded ranges from 195° (Bamberger and 
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Klimburg, Monatsh. 1917, 38, 462) to 223°-225° 
(Power and Browning, J.C.S. 1914, 10 5, 1832). 
For percentage of the acid in natural and 
treated coffee, -v. Rinck and Kaempf (Pharm. 
Zentr. 1931, 27, 690). For detection, v. Hoepf- 
ner (Chem.-Ztg. 1932, 56, 991). For estimation, 
v. Plucker and Keilholz (Z. Unters. Lebensm. 

1933, 66, 200, 615 ; 1934, 68, 97 ; Chem.-Ztg. 

1934, 58, 542). J. N. G. 

CAFFEINE AND THE ALKALOIDS 

OF TEA, COFFEE, AND COCOA— The 
alkaloids of tea, coffee, cocoa and similar stimu- 
lant foodstuffs constitute a group of closely 
related derivatives of purine, C 5 H 4 N 4 (VIII). 
The most important of these are caffeine, 
theobromine, and theophylline, all of which 
are used in medicine. The structural relation- 
ships of these alkaloids are shown below. 
Xanthine, hypoxanthine, and adenine have 
also been found in small amounts in tea. 

Caffeine, C 8 H 10 O 2 N 4 , l:3:7-trimethyixan- 
thine (VII), is the most important alkaloid of 
the group and is found in tea, coffee, kola nuts, 
mate, and guarana paste in amounts varying 
from 1 to 6% either free or combined with 
ehlorogenie acid. Caffeine is obtained from 
tea waste and tea dust, and also as a by-product 
in the production of caffeine-free coffee. It is 
prepared synthetically in large quantities from 
theobromine by methylation with dimethyl 
sulphate in alkaline solution, a method which has 
largely displaced the older synthetic process from 
uric acid. 

For the production of caffeine from tea dust 
and similar products the material is mixed with 
lime and extracted with water, the extract con- 
centrated, treated with litharge or magnesia, 
filtered, the filtrate concentrated and allowed 
to crystallise. Purification is effected by 
recrystallisation from water. 

In the preparation of. caffeine-free coffee the 
beans are first treated with super-heated steam 
and then extracted with a suitable low boiling 
solvent such as benzene or ethylidene chloride. 
The solvent is recovered and the residual 
crude caffeine purified by crystallisation from 
water. 

Caffeine is very soluble (1 in I) in boiling water, 
from which it crystallises on cooling, with one 
molecule of water. It is readily soluble in 
alcohol and in chloroform, less soluble in 
benzene and ether. The anhydrous base has 
m.p. 234°-235° and Bublimes at about 175°. 
It is a weak base. and its salts dissociate on 
evaporation of their aqueous solutions. In 
common with the other alkaloids of this series 
caffeine gives the murexide reaction. A few 
crystals evaporated to dryness with a few drops 
of hydrochloric acid and a crystal of potassium 
chlorate give a brilliant purple colour on addition 
of ammonia. The colour is discharged by sodium 
hydroxide. Caffeine is official in the British 
Pharmacopccia and is very widely used in 
medicine, either in the form of the free base or 
as the citrate. Caffeine is a cardiac and renal 
stimulant and acts on the central nervous 
system, increasing mental activity, and in 
admixture with acetanilide, acetylsalicylic acid, 
or phenacetin is employed for the relief of 
nervou,’ headache and migraine. Combinations 


of caffeine with sodium benzoate or sodium 
salicylate, on account of their greater solubility, 
are used for injections. 

Theobromine, C,H 8 0 2 N 4 , 3:7-dimethyl- 
xanthine (VI), is the principal alkaloid found in 
cocoa beans, in which it occurs to the extent of 
from 1-5 to 2%. It is found also in small 
quantities in kola nuts and leaves, in guarana, 
and in tea. 

For the preparation of theobromine, the 
husks of the cocoa bean containing from 0-5 
to 1% of theobromine are freed from fat as far 
as possible Cither by pressure or by extraction 
with light petroleum and the residue extracted 
with benzene or toluene. After removal of the 
solvent, the residue is purified by crystallisation 
from water or alcohol or by solution in alkali 
and reprecipitation by acid. Other methods 
depend on extraction with milk of lime and 
precipitation of the theobromine by addition 
of hydrochloric acid to the solution so obtained. 

Theobromine is a white crystalline powder, 
m.p. 351°, and sublimes at. about 290°. It is 
sparingly soluble in water and most organic 
solvents, but crystallises well from glacial acetic 
acid. It is amphoteric but rather more basic 
than caffeine, although its salts with acids dis- 
sociate in water. It also forms salts with bases 
and the calcium salt can be crystallised from 
water. 

Theobromine is largely used in medicine, 
principally for its diuretic action. It resembles 
caffeine in its effects, its action on the central 
nervous system being, however, much less 
marked, and its renal effect more pronounced. 
It is employed alone or in combination with 
sodium acetate or sodium benzoate, etc. A 
mixture with sodium salicylate is official in the 
British Pharmacopoeia. 

Theophylline, C 7 H g 0 2 N 4 , 1:3 - dimethyl- 
xanthine (V) is isomeric with theobromine, and 
is found in small amounts in tea. Technically 
it is prepared synthetically from dimethylcar- 
bamide and ethyl cyanacetate (Traube, Ber. 
1900, 33, 3035). Condensation by means of 
phosphoryl chloride gives l:3-dimethyl-4-imino- 
barbituric acid (I). Nitrous acid converts this to 
the oximino derivative (II), which on reduction 
gives dimethyl-diamino-dioxy pyrimidine (III). 
This on treatment with formic acid yields the 
formyl derivative (IV), which on heating loses 
water with formation of theophylline (V). The 
constitution of theobromine (VI), caffeine (VII), 
and purine (VIII), is also shown. 
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Theophylline crystallises with 1 H 2 0, ro.p. 
269°-272°. It is sparingly soluble in water but 
readily soluble in solutions of alkali hydroxides. 
It is a weak base and yields salts with acids. It 
also forms derivatives with metals. Theo- 
phylline is employed in medicine, having a more 
marked diuretic- action than theobromine. 
Theophylline sodium acetate, an equimolecular 
mixture of the two components, is soluble 
in water (1-25) and is official in many 
pharmacopoeias 

Adenine, C S H S N S ,6 amino-punne, m.p.360°- 


5°, aubhmes at 250°, and is sparingly soluble 
in water. Hypoxanthine, C & H 4 ON 4 . 6 oxy- 
purine, rap. 150°, and xanthine, C } H 4 O t N 4 , 
2 6-dioxy.punne have, like adenine, been found 
in small quantities in tea but are of no technical 
importance. Punne has not been found occur- 
ring naturally but was synthesised by Fischer 
(Ber. 1898, 31, 2550). A. J. E. 

CAFFEOL, caffeone, the name given to an oil 
obtained by steam distillation of roasted 
coffee beans and extraction of the distillate 
with ether (Erdmann, Ber. 1902, 35, 1840; 
It contained acetic acid, valerianic acid, 
and furfuryl alcohol. The characteristic aroma 
was due to a nitrogenous substance, which de- 
composed when distilled, giving off an odour of 
pyridine (Bertrand and Weisweiller, Compt. 
rend. 1913, 157, 212) The B P. 246454 of the 
Internationale Nahrungs- und Genussmittel A.-G. 
modified the process by employing a high 
vacuum and m the most volatile fraction detected 
diacetyl and other aliphatic a diketones, 
acetaldehyde and methylethylacetaldehyde 
(2 methylbutaldehyde). The less volatile frac- 
tion forms a yellow or brown oil which if 
intended for flavouring foodstuffs. 

CAFFETANN 1C ACID consists mainly of 
chlorogenic acid. 

CAIL-CEDRA. Khaya tenegalensts A.. 
Juss. A tree of the mehaeeous order, growing 
on the banks of the Gambia and on the lowlands 
of the peninsula of Cape de Verde. Its bark is 
very bitter, and is much prized by the natives as 
a febrifuge, on which account it has been called 
the cinchona of Senegal ; it contains, amongst 
other substances, an extremely bitter, neutral 
resinous substance, called call cedrrn, to which 
its active properties appear to be due. 

One kilogram of the bark yields about 8 mg. 


call cedrin (Caventou, J. Pharm. 1849, [m], 
16, 355 ; 1858, 33, 123). 

CAIRNGORM. A variety of quartz of a 
brownish colour. 

CAJUPUT, ESSENTIAL OIL OF.— 
The oil distilled from the fresh leaves and twtgs 
of Melaleuca leucadendron, Linn. (Fam, 
Myrtace*). The shrub is found in India, the 
Malay Peninsula, the Dutch East Indies, the 
Molucca Islands, and in Northern Australia. 
A large number of species of Melaleuca are found 
in Australia, where they are known as tea trees, 
and the oils have been found to vary considerably 
in composition. The crude oil is obtained 
chiefly from the East Indies and is imported in 
wine bottles. It is generally bluish or green in 
colour owing to the presence of copper derived 
from the still. For medicinal purposes it is 
required to be redistilled. 

Composition . — The chief constituent is cineole, 
of which it contains 60-65%. It also contains 
I-a-pinene, a sesquiterpene, benzaldebyde and 
terpineol combined with acetic, butyric and 
valeric acids. 

Characters . — It is a colourless or yellow oil, 
sp gr. 0 916-0 926 at 15 5°, [a)“ 0 8 to -4°, 

1 462-1 472. Soluble in 2 \ ols. of 80% alcohol. 
The cineole is determined by the method 
official in the British Pharmacopceia 

Cajuput oil is used medicinally as a carmina- 
tive, as an anti-spasmodie, and as an intestinal 
antiseptic. It is also used externally in rheu- 
matic affections. C. T, B 

CAJUPUTOL, C I0 H lg O, eucalyptol (B P.C. 

CAL. Cornish name of wolfram (ferrous 
manganese tungstate) FeMnW0 4 . 

CALABAR B E A N (Fr. Flee de Calabar, Ger. 
Gottesgerichtsbohne) is the seed of PkysosUgma 
venenosum Balfour, a w oody climber related to 
the scarlet runner (Fam. Leguminos*). The 
bean was first made known in Britain by 
Daniel! (Edinburgh New Philos, J. 1846, 40, 
319) who described how among certain West 
African tribes prisoners convicted of a capital 
offence were made to swallow a potion prepared 
from the bean, which is hence also called 
Ordeal Bean ; it is further known by its native 
name of Eteri ot chopping mil. The plant 
grows near the mouths of the Niger and Old 
Calabar rivers ; the beans measure 25x18x12 
mm , are oblong reniform and of a dark 
chocolate-brown ; their physiological properties 
were examined at Edinburgh by Chnstison and 
by Fraser, and the drug was introduced into 
medicine by Argyll Robertson, on account of 
its miotic properties. The last two investi- 
gators already observed that the action of the 
drug is antagonised by belladonna (1863). 
Jobst and Hesse (Annalen, 1864, 129, 115) 
traced the action to an amorphous, alkaloid 
physostigmine, whilst Vee and Leven, in a note 
of a few sentences (Compt. rend. 1865, 60, 1194), 
mentioned that the alkaloid wa3 “ crystal- 
bsable ” ; they termed it esertnt (from the 
native name for the bean), but gave little detail. 
The name physostigmine seems preferable on 
grounds of priority ; yet both synonyms are 
m use. Hesse established the formula 
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C 15 H 2 i 0 2 N 3 for the alkaloid, which is best 
prepared by shaking with ether, in presence of 
an excess of sodium carbonate, the water- 
soluble portion of an alcoholic extract of the 
beans. The ethereal extract is then shaken 
with very dilute sulphuric acid until the acid is 
neutralised by the alkaloid, and from this 
solution physostigmine is precipitated as the 
salicylate. Several-related alkaloids are present 
in small amount ; the total alkaloid in the 
bean is 0-05-0-3% ; itftmay be estimated accord- 
ing to Salway (Amer. J. Pharm. 1912, 84, 49), 
who employs ether, sodium carbonate, and 
titration with iodeosin as indicator. 

Physostigmine crystallises in two forms, m.p. 
86°-87° and m.p. 105°-106° ; the latter is the 
moro stable and is formed on spontaneous 
evaporation of a solution in benzene. It is 
soluble in alcohol, ether and chloroform, 
somewhat so in water to an alkaline solution ; 
[a],, -75-8° (in chloroform). The salicylate 
(B.P., U.S.P.) is the principal salt ; 1 g. dis- 
solves at 25° in 75'C.c. of water, 16 c.c. of 
alcohol, 6 c.c. of chloroform, 250 c.c. of ether ; 
at 80° in 16 c.c. of water ; in 5 c.c of hoiling 
alcohol. It forms colourless acicular crystals, 
B-C,H ( Oj, m.p. 186°-187°. The sulphate, 
b 2 h 2 so 4 , m.p. 145°, is a microcrystalline, 
deliquescent powder and is no longer in the 
British Pharmacopoeia. The hydrobromide, 
B-2HBr, m.p. 224°-226° (from alcohol) ; the 
aurichloride, B-2HAuCI 4 , m.p. 163°~165° ; 
the platinichloride, B-H 2 PtCl c , m.p. 180° ; the 
mcrcuri -iodide, B-Hl-Hgl 2 , m.p. 170°; the 
benzoate, B-C,H 0 O 2 , m.p. 115°-116° (from 
ether) ; and the picrate, m.p. 114°, can all be 
crystallised. The sulphate and the benzoate 
each dissolves'in about 4 parts of water at room 
temperature, and are therefore much more 
soluble than the salicylate. On exposure to 
air, solutions of physostigmine salts slowly 
acquire a pink colour ; on addition of sodium 
hydroxide a white precipitate is formed, which 
soon turns pink, and dissolves in excess of the 
alkali with a red colour. This is caused by 
hydrolysis to the very unstable phenol eseroline, 
which is oxidised by air to rubreserine (see 
below). Physostigmine dissolves in nitric acid 
with a yellow colour which becomes red on 
warming and leaves on evaporation a green 
residue. Qn evaporation with excess of am- 
monia, a red solution is formed and ultimately 
a blue residue is left. 

The constitution of physostigmine has been 
chiefly elucidated by Polonovski and his col- 
laborators (1893-1924), further by Salway (J.C.S. 
1912, 101, 978), Straus (Annalen, 1913, 401, 
350; 1914, 406, 332), Barger and Stedman 
(J.C.S. _1923, 123, 758), Stedman (ibid. 1924, 
125, 1373). The subjoined constitution 


MeHNCO-O 



CH, 

X \ 

CMe CH, 

He — NMe 

NMe 


was_suggcstcd by Stedman and Barger (J.C.S. 
1925, 127, 247) and has been confirmed by 
synthesis (Julian and Pikl, J. Amer. Chem. Soc. 


1935, 57, 755 ; see also King, Liguori, and 
Robinson, J.C.S. 1934, 1416 ; King and 
Robinson, ibid. 1935, 755 ; Hoshino and 
Kobayashi, Annalen, 1935, 520, 11). On 

hydrolysis with alkali methylamine, carbon 
dioxide and eseroline, C 13 H 19 ON 2 , are formed 
(Petit and Polonovski, Bull. Soc. chim. 1893, [iii], 
9, 1008). Physostigmine is thus the methyl ure- 
thane of eseroline, and its partial synthesis from 
eseroline and methyl carbimide, CON Me, 
was effected by Polonovski and Nitzberg (ibid. 
1916, [iv], 19, 27). Eseroline is readily oxidised 
on exposure to air, and ultimately forms rubre- 
serine (Ehrenberg, Verh. Ges. deut. Naturforsch. 
Aertze, 1893, II, 102), according to the equation : 

^13^16® N 2 + 0 2 = Cj 3 H 2 6 0 2 N 2 , H 2 0 
Rubreserine crystallises from water in deep red 
needles, m.p. 152° (anhydrous). Under certain 
conditions the oxidation may proceed to eserine 
blue, Cj,H 23 0 2 N 3 , which appears to be a 
combination of eseroline with an oxidation pro- 
duct (Salway, l.c.). The constitution of these 
colouring matters has not been elucidated. 
Eseroline contains two N-methyl groups and 
formB a monomethiodide ; on heating the latter 
in an atmosphere of carbon dioxide, a hydroxy- 
indole, physosligmol, C 10 H U ON, is formed 
(Straus). 

By the synthesis of its ethyl ether, Stedman 
(l.c.) showed physostigmol to be 5-hydroxy- 
l:3-dimethylindole. Straus, and also Polo- 
novski, considered that the pyrrole ring is 
fused to a piperidine nucleus, but Stedman 
and Barger (l.c.) showed by exhaustive methyla- 
tion of eseroline ethyl ether or eserethole that 
the remaining ring is a pyrrolidine nucleus and 
that there is a C-methyl group attached to a 
pyrroline ring. Reduction of eserethole by zinc 
and hydrochloric acid (Polonovski, Bull. Soc. 
chim. 1918, [iv], 23, 357) or catalytically (Sted- 
man and Barger) opens the pyrrolidine ring 
with formation of the secondary base dihydro- 
eserethole. 


EtoXX 


- CMe-CHj-CHj-NHMe 
CH 2 
NMe 


The pseudo base eserethole methine 


EtoXX- 


CMe-CHyCHyNMe 

CH-OH 

/ 

NMe 


2 


is reconverted by hydriodic acid with ring closure 
into eserethole methiodide ; on oxidation with 
ferricyanide the secondary alcohol is converted 
into a ketone which by exhaustive naethylation 
loses trimethylamine and can then be reduced 
to 5-ethoxy-l:3-dimethyl-3-ethyl-2-indolinone, 


CMeEt 



Calabar beans contain a number of subsidiary 
alkaloids in small quantity. Gcnesetine (Polo- 
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novski and Nitzberg, Bull. Soc. chim. 1915, [it], 
17, 244, 290 ; 1916, [it], 19, 27 ; PolonoTski, 
ibid. 1917, [It], 21) has the composition 
Ci 5 H 2l O a Nj. and was obtained by extracting 
the beans, preTiously Soaked in 2% sodium 
hydroxide solution, with ether. It forms 
orthogonal crystals, m p. 128°-129°, [o] D —175° 
(in alcohol). It is a weak base, does not form 
crystalline salts with mineral acids, but yields 
a salicylate, m p. 89°-90°, a picrate, m.p. 175°, 
and a methiodide, m p 215°. It is reduced by 
zinc dust and acetic acid to physostigmme, and 
can be formed from this alkaloid by hydrogen 
peroxide. Geneserine is thus the amine oxide 
of physostigmme, with the additional oxygen 
atom probably attached to the basic nitrogen 
of the pyrrolidine ring In accordance with this 
it yields degradation products such as gene- 
scrohne, analogous to the corresponding pro- 
ducts obtained from physostigmme. Eseramtne, 
isolated by Ehrenberg (I c ), is stated to have 
the formula C lt H 2s O s N 4 (which cannot be 
quite correct as to hydrogen). It remains in the 
ethereal solution after physostigmme has been 
extracted by dilute sulphuric acid (see aboie). 
It is sparingly soluble in ether, chloroform, or 
benzene, but readily BO in hot alcohol, from 
which it crystallises in needles, m.p. 245°. The 
6ame alkaloid was isolated by Salway (l c.), 
who also obtained from the ethereal mother 
bquors left alter the separation of eseramine, 
another alkaloid, physoiemne, C u H u 0 3 N., 
which crystallised from light petroleum in small 
prisms, m.p. 123°. It is a weak base, very 
soluble in alcohol, benzene, or chloroform, 
moderately so in ether. It is evidently the acid 
carbonate of eserolmc, HOOC O C»H„N V 
Whether it is formed from physostigmme by 
partial hydrolysis during the extraction, or 
whether it occurs as such in the beans, is un- 
certain. Esendme was obtained by Bohnnger 
und Sohne (Pharm. Post, 1888, 21, 603), and 
subsequently by Eber (Pharm. Ztg 1892, 37, 
483) who assigned to it the forninIaC 15 H 2;l 0 3 N 3 
Its m p 132°, the fact that it is much less 
poisonous than physostigmme, and its con- 
lersion into the latter alkaloid by heating with 
dilute mineral acids suggest that esendme is 
perhaps identical with geneserine. 

iso Physostigmine, C 15 H 2 i0 2 N 3 , obtained by 
Ogui (Apoth.-Ztg. 1904, 19, 891), is stated to be 
insoluble in ether and to form a crystalline sul 
phate, m p. 200 o -202 o . Calabarine of Hamack 
and Witkowskl (Arch. exp. Path. Pharm. 1876, 
5, 401) has not been characterised chemically 
and was apparently a decomposition product 
of physostigmme, or derived from a mixed drug ; 
it produced tetanic convulsions, like strychnine. 

The physiological action of physostigmme 
depends on its inhibition of the hydrolysis of 
acetyl choline by choline -esterase (Loewi and 
Navratil, Pfl tiger's Archiv. 1926, 214, 689 ; 
see also Cholive). Since acetyl choline is 
liberated in the nerve endings when para- 
sympathetic nencs Buch as the vagus are 
stimulated, physostigmme brings about its 
stimulant effect on smooth muscle by pre- 
venting the hydrolysis of acetyl choline. 
Atropine paralyses the vagus and thus an- 
tagonises physostigmme. On the other hand. 


physostigmine resembles pilocarpine and mus- 
carine m its physiological action, and produces, 
for example, powerful contractions of the 
intestine, on which its use as a veterinary 
purgative depends ; it also stimulates salivary 
secretion. In human medicine it is principally 
used as a miotic, causing constriction of the 
pnpil ; atropine has the opposite effect 
(mydriasis). Geneserine has a weaker action 
than physostigmme on salivary secretion and 
no miotic action (Polonovski and Combcraaie, 
Compt. rend. Soc. Biol. 1923, 88, 881). 
Rubreserine is inactive (Heubner, Arch. exp. 
Path. Pham. 1905, 53, 313) ; eserohne is like 
wise inactive ; hence the physiological activity 
depends on esterification with carbamic acid, 
or with carbonic acid, for phy30venme is also 
a very' powerful miotic (Salway, l c.). 

Synthetic Analogues of Physostigmine — The 
above facts led Stedman (Biochem. J. 1926, 20, 
719 ; 1929, 23, 17) to prepare a number of 
simpler urethanes by the action of various 
carbimides on dimethylamino phenols (Primary 
and secondary bases would react with the car- 
bimides to form substituted ureas.) In this 
way a large number of bases have been pre- 
pared which, even at high dilutions, inhibit the 
action of liver esterase (Stedman and Stedman, 
Biochem J. 1931, 25, 1147 . 1932, 26, 1214). 
For instance, the rate of hydrolysis of tnbutyrin 
was halved by a concentration of 1 500,000,000 
of the hydrochloride of the m dimethylamino- 
phenyl ester of methyl carbamic acid. Choline 
esterase is similarly inhibited and thus these 
urethanes act on the intestine and the pupil 
like physostigmme. One of them, miotme, 

O CONHMe 


ICHMe NMe, 


approaches closely to physostigmine in jniotio 
activity (Stedman and Stedman, J C.S 1029, 
609 ; White and Stedman, J. Pharm. exp. Ther. 
1931, 41, 259). A further senes was examined 
by Aesehbmann and Reinert (f bid. 1931, 43, 259) 
and the substance prostigmine, 

O CONMe 2 


NMe a SOjMe 


was introduced as a substitute for physostigmme 
in post-operative intestinal stasis. Its actions 
on the pupil and on the intestine, as well as its 
toxicity, are very similar to those of physostig 
nine, but tbe dimethyl urethane grouping makes 
prostigmine rather more stable. The substance 
seems also to have some advantages over the 
natural alkaloid in the treatment of myasthenia 
grav is. G* 

CALABARINE i. CaT-abar Bean. 
CALAFATITE v. Alcnite. 
CALAMENE. — The sesquiterpene hydro- 
carbon, calamene, C 13 H 2l , bp I23 o -120 < ‘/10 5 
mm., d*j 0 9224, n* 0 1 ‘50572, [a] D +5°, vas 
first isolated by Kurbatov (Annalen, 1874, 173, 
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4) from the rhizomes of Acorus calamus L. and 
has been studied more recently by Semmler and 
Spomitz (Ber. .1913, 46, 3702) and by Ruzicka, 
Meyer, and Mingazzini (Helv. Chim. Acta, 1922, 
5, 358). Calamene contains two ethylenic 
linkages yielding on catalytic hydrogenation 
tetrahydrocalamene, b.p. 123°-125°/10 mm., 
d\l 0-8951, ftp 1-4848; it is a derivative of 
cadalene since it gives this hydrocarbon on 
dehydrogenation with sulphur. Its constitu- 
tion is not known, J. L. S. 

CALAMENOL. The alcohol calamenol, 
C 15 H 24 0, b.p. 150°-160°/17 mm., <f 2 ° 0-96115, 
i i D 1-5098, occurs in the oil from the rhizomes 
of Acorus calamus L. (Thoms and Beckstrom, 
Ber. 1901, 34, 1021 ; 1902, 35, 3187, 3195 ; 
Semmler and Spornitz, ibid. 1913, 46, 3704 ; 
Ruzicka, Meyer, and Mingazzini, Helv. Chim. 
Acta, 1922, 5, 358). It gives on dehydration a 
hydrocarbon, calamenene, C 15 H 22 , b.p. 136°- 
143°/15 mm., df 0 0-9324, n D 1-5317 ; [a]„ +6°, 
and cadalene is formed on dehydrogenation with 
sulphur. J. L. S. 

CALAMEON. The oxide calameon, 
C 15 H 20 O 2 , m.p. 168°, [a] D —8-94°, was isolated 
by Thoms and Beckstrom (Ber. 1901, 34, 1021 ; 
1902, 35, 387) from the oil from the rhizomes of 
Acorus calamus L. In its properties it resembles 
somewhat l:8-cineole and it yields on oxidation 
with potassium permanganate calameonic acid, 
C 15 H 21 0 4 ,2H 2 0, m.p. 153°. J. L. S. 

CALAMINE ( Gahnei , Ger.). Under this 
name two common zinc minerals — the carbonate, 
smithsonitc, and the hydrous silicate, hemi- 
morphitc — are frequently much confused. The 
Latin form lapis calaminaris is supposed to 
be a corruption of the old name cadmia 
(Kabpla) used for zinc ores in general.' The 
minerals in question often so closely resemble 
one another in external appearance that it is 
only possible to distinguish them by chemical 
tests ; and it was not until 1803 that James 
Smithson definitely established the existence 
of the two distinct species. The name calamine 
was then applied by some authors to the 
carbonate (sparry calamine), and by other 
authors to the hydrous silicate (electric cala- 
mine). In 1832 F. S. Beudant proposed the 
name smithsonite for the carbonate, restricting 
the name calamine to the hydrous silicate ; 
but most unfortunately Brooke and Miller, in 
1852, reversed these designations. Beudant 
has been followed by Dana and many other 
mineralogists, but in England the name cala- 
mine is unfortunately still much in use for the 
carbonate, and hemimorphite (G. A. Kenngott, 
1853) for the hydrous silicate. The use of the 
latter name partly clears up the confusion, since 
it is descriptive of the very characteristic hemi- 
morphic development of the crystals. The 
old name zinc-spar is also descriptive of the 
carbonate. L. J. S. 

CALAMINE. A term applied to the basic 
zinc carbonate used in pharmacy. 

CALAMUS v. Ac onus Calamus. 

CALAMUS, ESSENTIAL OIL OF v. 
Acorus Calamus. 


CALAVERITE. A teUuride of gold, AuT e 2 , 
containing 40-43% of.gold with 1-3% of silver. 
It was first found in Calaveras Co., California, 
and afterwards in considerable abundance in the 
Cripple Creek district in Colorado and at Kal- 
goorlie in Western Australia, where it is of im- 
portance as a telluride ore of gold. Sp.gr. 
9-155-9-39. The small complex (monoclinic or 
tri clinic) crystals from Colorado are tin-white 
in colour, tarnishing to bronze-yellow on 
exposure. The massive material from Kalgoorlie 
is pale bronze-yellow with bright metallic lustre ; 
and with its sub-conchoidal fracture and absence 
of cleavage it much resembles iron-pyrites in 
appearance — in fact, before its value was recog- 
nised, the mineral had been thrown away on the 
waste heaps of the mines. L. J. S. 

CALCI BRONAT. A preparation contain- 
ing bromine and calcium gluconate (B.P.C. 
1934). 

C A LC I D I N E . Calcium iodide. 

CALCIFEROL, or “VITAMIN D ? ,” is 
that form of the anti-rachitic vitamin which is 
produced by the irradiation of ergosterol. It 
was thought until lately that there was only one 
form of vitamin D, but recently it has been 
shown that there are several, and that the one 
present in fish liver oils is different from 
calciferol. 

The identification of ergosterol as a pro- 
vitamin followed on a knowledge of the relation 
between ultra-violet rays and rickets. As long 
ago as 1890 Palm (Practitioner, 45, 270) pointed 
out that the incidence of rickets was geo- 
graphically associated with deficiency of sun- 
light. In 1919 Huldschinsky in Berlin (Deut. 
med. Woch. 45, 712) treated rickets by means 
of actino-therapy. Animal experiments soon 
revealed the fact that rickets could be pre- 
vented either by irradiation of the animal 
(Hess, Unger, and Pappenheim, J. Biol. Chem. 
1922, 50, 77) or of the food it ate (Hess and 
Weinstock, J. Biol. Chem., 1924, 62, 301 ; 
Steenboek, Science, 1924, 60, 224). Various 
food constituents were tested in turn by irradia- 
tion, and it then became apparent that the 
precursor of vitamin D was present in the 
cholesterol fraction. For a time cholesterol was 
itself regarded as the pro-vitamin, but it was 
later shown that with re-purification cholesterol 
lost its power to be activated, so that the pro- 
vitamin was to be regarded as an impurity in 
ordinary specimens of cholesterol. Various 
likely sterols were thereupon irradiated and 
tested for anti-rachitic activity, and in 1927 
ergosterol (C 28 H 44 0) was identified as the 
parent substance (Rosenheim and Webster, 
Biochem. J. 1927, 21, 127, 389 ; Lancet, 1927, 
1, 306 ; 2, 622 ; Nature, 1927, 120, 440; 
Windaus and Hess, Proc. Soc. exp. Biol. N.Y. 
1926-1927, 24, 171, 369, 461 ; Nach. Ges Wiss. 
Gottingen, Math.-Physik, 1927, 2, 175), or, as 
we should now say, one of the several pro- 
vitamins. Ergosterol is a principal representa- 
tive of the sterol group of compounds found in 
numerous fungi, moulds, yeasts, etc., and 
was first separated from ergot by Tanret in 
1890. The transformation which takes place 
during the ultra-violet irradiation of ergo- 
steroi is a photochemical reaction, during which 
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a mixture of various isomers are formed, only I Gottingen, Math.-Physik. 1932, 8, 160) e uni- 
on e of which is the actual vitamin. Windaus, mans^d the chain of reactions as follows : 
Ltittringhaus, and Basse (Nach. Ges. Wiss. | 1. Effect of Irradiation . — 

j suprasterol I 

< calciferol ^suprasterol II 

** substance absorbing at 248 rrtfj. 
tachysterol 


2. Effect of Heat . — 

calciferol -► pyrocalciferol + ieo pyrocalciferol 

tachysterol — > pyro tachysterol 
A later view is that tachysterol is an inter- 
mediate product between lumisterol and calci 
ferol, but there is no doubt that these various 
transformation products are formed concur- 
rently in somewhat varying amounts depending 
on the conditions of irradiation (see Setz, Z 
physiol. Chem. 1933, 215, 183). The separation 
of the crystalline vitamin from the irradiation 
mixture was accomplished in 1931-1932 at the 
two laboratories where ergosterol had first been 
identified as a pro vitamin (Askew, Bourdillon, 
Bruce, Callow, Philpot-, and Webster, Proc. Roy. 
Soc. 1932, 109, B, 1488 ; Windaus, Linsert, 
Luttringhaus, and Weidlich, Annalen, 1932, 492, 
226). The London workers relied on the forma- 


tion of the 3 ; 5- dini fro benzoate ester for the 
purification, and those at Gottingen made use 
of fractional crystallisation after treatment with 
maleic and citraconic anhydride. Bourdillon 
and co-workers proposed the name “ calciferol ’* 
for the crystalline vitamin so prepared, and 
Windaus and his collaborators “ vitamin D,.” 
(The name “ vitamin D x " was applied to a 
molecular compound of calciferol with lumi- 
sterol, which had been previously isolated, and 
a similar molecular compound of vitamin D 
and pyrocalciferol was also at first called 
“ calciferol ” by Bourdillon et al. in the belief 
that it was the pure vitamin itself.) The 
conversion of ergosterol into calciferol involves 
scission of ring II and is represented in the Bcheme 
given below (see Windaus and Thiele, Annalen, 
1935, 521, 160 i Heilbron, Jones, Samant, and 
Spring. J.CS 1936,905). 



CHMe — CH=CH — CHMe — CHMe. 



This same transformation of ergosterol into 
calciferol takes place not only under the in- 
fluence of ultra-violet rays but with X-rays, 
cathode rayB, or a glow discharge. 

Calciferol has about 400,000 times the anti- 
rachitic potency of cod-liver oil and it ha3 been 
calculated that 1 oz. of it would be enough to j 
protect 3,000 children for 1 year. The rat dose 


is 1/100,000 mg. per day. Calciferol is readily 
soluble m the usual fat solvents. It gives colour 
reactions with a number of reagents, and various 
ester hke derivatives have been prepared from 
it. It shows selective absorption at 265 m/i. 

Other substances with vitamin D activity, all 
of which are closely related to calciferol in 
chemical structure, are the following : (11 
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irradiated 7-dehydrocholesterol (or “ vitamin 
D 3 ”), intensely active, with a potency (for rats) 
about one-half of that of calciferol itself 
(Windaus, Lettre, and Schenck, Annalen, 1935, 
520, 98 ; Windaus, Schenck, and von Werder, 
7. physiol. Chem. 1936, 241, 100) ; (2) irra- 
diated 22:23-dihydroergosterol (Windaus and 
Langer, Annalen, 1933, 508 , 105 ; McDonald, 
J. Biol. Chem. 1936, 114, proc. Lxv) ; (3) 
irradiated 7-dehydrositosterol (Wunderlich, Z. 
physiol. Chem. 1936, 241, 116), whilst (4) ir- 
radiated 7-dehydrostigmasterol (Linsert, Z. 
physiol. Chem. 1936, 241, 125) is practically 
inactive. Less well defined are (5) irradiated 
heated-cholesterol, moderately active (Koch, 
Koch, and Ragins, J. Biol. Chem. 1929- 
1930, 84 , 141) ; (6) cholesterol activated without 
light by means of fullers’ earth =cholesterilene 
sulphonic acid, or its Ca or Ba salt (Bills, J. 
Biol. Chem. 1926, 67, 753). “Natural” 

vitamin D from tunny liver oil is different from 
calciferol (Ender, Z. Vitaminforsch. 1933, 2, 
241 ; 1934, 3, 161) and is identical with 7- 
dehydrocholesterol (“ vitamin D a ”) (Brock- 
mann, Z. physiol. Chem. 1936, 241, 104 ; 1937, 
245, 96 ; Haslewood and Drummond, Chem. 
Ind. 1936, 55 , 598). 

Evidence is increasing that the natural vitamin 
D and pro-vitamin D present in vegetable 
sources (including flowering plants and crypto- 
gams) is not identical with that found normally 
in animal sources. Probably the natural vitamin 
found in plant tissues which have been exposed 
to sunlight is identical with calciferol, or at any 
rate has calciferol as a main component (see 
Bethke, Record, and Wilder, J. Biol. Chem. 
1935, 112, 231). Bills (Physiol. Reviews, 1935, 
15, 1 ; Cold Spring Habor Symposium on 
Quantitative Biology, 1936, 3, 328) believes that 
there may also be several natural forms of the 
vitamin present in different fish-liver oils. 

Vitamin D activity seems to depend, in all 
the substances mentioned above, on the presence 
of the three ring structure with the three con- 
jugated double bonds of calciferol, the structure 
of the side chain being apparently relatively 
unimportant. 

The differentiation of calciferol from these 
other forms of vitamin D had its origin in the 
observation that calciferol was less effective as 
an antirachitic for chickens than was the same 
number of “ rat units of vitamin D ” given as 
cod-liver oil (Carrick, quoted by Bills, Physiol. 
Reviews, 1935, 15, 1 ; Massengale and Nuss- 
meier, J. Biol. Chem. 1930, 87, 423). L. J. H. 

CALC1NOL, Calcium iodate. 

CALCIOCORAM1NE. Double salt of 
pyridine-/l-carboxyldiethylamide and calcium 
thiocyanate. Prescribed for bronchitis (Ciba, 
London), B-P.C. 1934. 

CALCITE or CALC.-SPAR. One of the 
dimorphous crystallised forms of calcium car- 
bonate (CaC0 3 ). This Thombohedral form is 
less dense (sp.gr. 2-72) and less hard (H. 3) than 
the orthorhombic form aragonite (q.v.). It is 
also the more stable form : when aragonite is 
heated to low redness it passes into calcite, and 
paramorphs of calcite after aragonite are of 
frequent occurrence in nature. Prom an 
aqueous solution containing carbon dioxide, 


calcium carbonate crystallises as calcite at 
temperatures of 0°— 18°, and as a mixture of 
calcite and aragonite at higher temperatures : 
the presence of various salts in the solution also 
favours the formation of aragonite. (For a 
summary of the literature on the crystallisation 
of calcium carbonate, see F. Vetter, Z. Kryst. 
Min. 1910, 48, 45.) Calcite may be readily 
distinguished from aragonite by the possession 
of three perfect cleavages parallel to the faces of 
the primary rhombohedron, the angles between 
which are 74° 55' and 105° 5' (the plane angles 
on the rhomb-shaped faces are 78° and 102°). 
The mineral is readily scratched -with a knife, 
and it effervesces briskly in contact with cold 
dilute acids. 

With the exception of quartz, calcite is the 
commonest of minerals. It frequently occurs 
well crystallised and in a great variety of forms, 
the various forms of its crystals suggesting the 
trivial names “ dog-tooth-spar,” “ nail-head- 
spar,” “ paper-spar,” “ cannon-spar,” etc. As 
the essential constituent of the rocks limestone, 
marble and chalk, it is of abundant occurrence. 
In these forms it finds extensive applications as 
building and ornamental stones, and in the 
manufacture of lime, mortar and cement. 

The clear, transparent variety, known as 
Iceland-spar or doubly-refracting spar, is used 
in the construction of Nicol prisms for optical 
polarising apparatus. Material suitable for this 
purpose is obtained almost exclusively from a 
quarry in basalt on the Reydar-fjordhr on the 
east coast of Iceland, but the supply is limited 
and variable. Clear material suitable for optical 
work has also been found between Greycliff 
and Bigtimber in Montana, where it occurs in 
vertical veins in gneiss ; and in the Kenhardt 
district, Cape Province, South Africa. L. J. S. 

CALCIUM. Symbol, Ca ; at. no. 20; 
isotopes 40, 42, 43, 44 ; at. wt. 40-085. 

Calcium is an original constituent of the 
“ sial,” the outer crust of the earth, in which 
it occurs mainly as oxide in combination with 
silica. The amount in the igneous rocks 
varies from slightly over |% in the extreme 
acid granites to 12% in the ultra-basic rocks. 
The amount of solids in the original ocean 
must have been extremely small at the time 
they were deposited from the vapour and gases 
forming the atmosphere ; consequently, the 
calcareous sedimentary rocks produced either 
by chemical precipitation or by marine organisms 
must have come largely from the weathering of 
the original solidified crystalline crust. The 
second source of calcium as well as of many other 
elements is from hot springs, but the composition 
of these varies considerably ; in some the 
amount of calcium is insignificant, whereas in 
the hot springs of Palestine calcium chloride is 
one of the principal constituents (see Bromine, 

p. 108). 

The main mass of calcium now exists as 
carbonate deposited from the ocean largely by 
marine organisms. In the long history of the 
earth’s crust the more calcareous marine sedi- 
ments have been consolidated to soft and hard 
limestones or altered by metamorphism to 
marble. Replacement of the calcium by mag- 
nesium produces magnesium limestone or 
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dolomite, CaC0 3 ,MgCO a . Calcium also 
occurs abundantly as the sulphate or gypsum, 
CaS0 4 ,2Hj0, deposits of uhich have mainly 
resulted from desiccation of detached bodies of 
sea water. Calcium phosphate (apatite) is a 
common constituent of the primary rocks and 
is the principal mineral ingredient of the 
vertebrate skeletons which, with coprohtes, 
form the main part of bedded phosphate 
deposits (t> Ash) 

Preparation of the Metal — Calcium was 
obtained as an impure metallic powder by Davy 
in 1808, by the electrolysis of the chloride, 
using mercury as negative electrode, and after- 
wards heating the amalgam thus formed until 
the mercury volatilised 

Moissan obtained calcium by heating an- 
hydrous calcium iodide (600 g ) with metallic 
sodium (240 g ) at a dull red heat. After allow- 
ing the melt to cool the metallic portion was cut 
up and digested with alcohol which dissolved 
the excess of sodium leaving the calcium in 
bnlhant white crystals 98 9 to 99 2% pure. 

Ruff and Plato succeeded in obtaining the 
metal in relatively large quantities by the 
electrolysis of fused calcium chloride by keeping 
the temperature of the cathode above the 
melting point of calcium (U.S.P. 806006). 
Borchers and Stockhem, by electrolysing fused 
anhydrous calcium salts, keeping the tempera- 
ture of the cathode below the melting-pomt of 
calcium, obtained the metal in a spongy state 
(U.S P. 808066) By using a vertical cathode, 
which only just touches the surface of the fused 
calcium salt, the metal is deposited on this 
surface and by mechanically raising the cathode 
an irregularly shaped rod of calcium, resembling a 
cabbage stalk, is formed, which itself forms the 
cathode (B.P. 20655 , cf Johnson, Ind Eng 
Chem. 1910, 2, 466). The electrolyte, consisting 
of a fused mixture of 10 parts of CaC1 2 with 
17 parts of CaF s , is contained m a cylindrical 
vessel of Acheson graphite The containing 
vessel forms the anode, whilst the cathode is an 
iron ribbon which can be run up from below. 
The best deposits were obtained with a current 
density of 10 amperes per sq cm. If the 
cathode current density is too high the metal does 
not adhere, whilst if the anode density is too low 
the electrolyte is not all melted, and for proper 
control the anode and cathode surfaces should 
be defined for the conditions in use Molden- 
hauer and Andersen (Z. Elektrochem 1913, 19, 
444) used a mixture of 85% CaCI 2 with 15% 
KCI and a current density of 60-110 amperes 
per sq cm. Rods 9-18 mm diameter were 
obtained, containing Ca 96 09-98 18, K 00- 
0 14, Fe 0-3-0 4, St 0 40-0 70%. The current 
yield varied from 56 to over 90%. 

Commercial calcium is usually coated with 
CaCI 2 , which can be partly removed by absolute 
alcohol, and the remainder by re melting in an 
iron bomb. In this way a metal containing 
99 44% Ca and 0 25 Al 2 O 3 +Si0 2 is obtained 

Metallic calcium is gradually acquiring new 
commercial application. Among the more 
important are the debismuthising of lead (the 
Betterton process) j the hardening of lead for 
various purposes, particularly bearing metal 
and cable coverings ; as a deoxidant for copper 


and its alloys and for cast iron and steel j 
as a constituent of aluminium alloys; as a 
reducing agent for oxides of beryllium, 
chromium, thorium and uranium; as a desul 
phurising agent in petroleum refining; and as 
an adsorbent of residual gases in vacuum tubes 
(Mantell and Hardy, Trans. Electrochem. Soc. 
1934, 66, 187). 

The metal has m p. 851°±l° (von Antropoff 
and Falk, Z. anorg. Chem. 1930, 187, 405; 
Hoffman and Schulze, Physikal. Z. 1935, 36, 
453), bp. 1712°±5° (Hartmann and Schneider, 
Z. anorg. Chem. 1929, 180, 275). Its electric 
conductivity is 16, that of silver being 100. 
It may be turned into cylinders having a 
bnlhant lustre tarnishing in air, or drawn into 
wire of 0 5 mm. diameter. 

Calcium is a silver-white metal, less malleable 
than sodium or potassium ; it scratches lead 
but not calcite. It can be cut with a knife or 
broken with a blow, and the fracture is crystal- 
line; the crystals are of tabular habit and 
belong to the rhombohedral system. 

P. Bastien (Compt. rend. 1934, 199, 577) 
gives the coefficient of cubic expansion of 
Ca (99 3%), prepared by sublimation and 
subsequent fusion in argon, as 25 2 x 10~® over 
the range 20°-100°, and d 2# = l-542±0 0005. 

Zalesinski and Zulinski (Bull. Acad. Polanaise, 
1928, (A), 479) obtained the following figures 
for the spht. of calcium between 20 o -304°, 
0 1610; 20 o -5O4°, 0 1764 ; 22°-520°, 0 1768, 
20°-697°, 0 1887 ; 21°-755°, 0 1927 , 22°-785°, 
01901; 22°-785°, 0 1724; 22°-802°, 0 1724; 
810 6 -930° (liquid), 0 2670 The lower values 
were obtained by first heating to 800° and are 
due to the existence of an allotropic modification 
formed at the higher temperatures. 

Calcium inflames when heated in oxygen to 
300°, and the heat is so great that the lime formed 
is both fused and partly volatilised. Fluorine 
gas violently attacks calcium at the ordinary 
temperature. Chlonne, bromine and iodine 
have no action until heated to 400° or above. 

Gently heated in air, it burns with mean 
descence, or heated in a current of air at a dull 
red heat it leaves a spongy mass which decom- 
poses water, producing ammonia and calcium 
hydroxide. Calcium, therefore, fixes both 
nitrogen and oxygen. 

Metallic calcium exists in an active and an 
inactive form (a- and /?-) as regards its power 
of adsorbing gases (Franck and Bodea, Z angew 
Chem. 1931, 44, 382) Active calcium com- 
mences to adsorb nitrogen at 300°, and has 
a maximum action at 440°. As the tempera- 
ture increases the rate of combination slowly 
decreases, until at 800° it has ceased. The 
velocity of adsorption is dependent on the 
presence of a layer of nitride. The inactive 
form commences to combine with nitrogen at 
800°. The active variety is prepared by 
slowly cooling molten calcium. This vanety 
produces & black nitride (Sieverts, Z. Elektro- 
chem 1916, 22, 15). 

H. Hartmann and H. J. Frohlich (Z. anorg. 
Chem. 1934, 218, 190) find that the combination 
of N 2 with pure Ca, free from alkali and N, 
ceases as soon as a thin layer of Ca 3 N 2 has 
been formed on the surface. With Ca activated 
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by <1% Na, the velocity of N adsorption 
depends on temperature. Two modifications 
of Ca 3 N 2 have been obtained, a pseudo- 
hexagonal form (I) at 300°, a 3-553, c 4-11 A., 
d calc. 2-72, and a cubic form (II) at 800°, a 1 1 -38 A., 
d calc. 2-60. (II) is obtained when (I) is heated 
at 500° (cf. Franck el al., 1933, A. 666). 

Rinck (Compt. rend. 1931, 192, 421, 1378) 
states that using calcium distilled in vacuum 
(m.p. 848°) the data obtained in an atmosphere 
of argon afford no evidence of compound 
formation. a-Calcium is stable below and jS- 
calcium stable above 450°. 

Calcium decomposes water at the ordinary 
temperature with the liberation of hydro- 
gen ; the action is slow, owing to the for- 
mation of a crust of calcium hydroxide ; 
the addition of sugar hastens the action. 
Fuming nitric acid attacks the metal if free 
from lime only slowly ; the action is hastened 
by dilution. Fuming sulphuric acid is imme- 
diately' reduced in the cold to sulphur and sulphur 
dioxide. Hydrochloric and acetic acids attack 
calcium violently, with the liberation of hydro- 
gen. At a red heat, calcium reduces the 
fluorides and chlorides of potassium and sodium, 
setting free the alkali metals ; under the same 
conditions, the iodides are not attacked. 

Calcium Mercurides. — Eilert (Z. anorg. 
Chem. 1926, 151, 96) states that calcium has 
little action on mercury at the ordinary tempera- 
tine, but when heated at 340° brisk reaction 
occurs in which the mercury takes up 3% of 
calcium. The calcium used was 99-2% pure, 
practically all the residue being enclosed CaO. 
Thermal analyses with photo-micrographs show 
that crystals of CaHg 3 are precipitated from 
calcium amalgam containing more than 2-15% 
by weight of calcium. At 26-5° this compound 
reacts with a melt containing 2-15% calcium to 
form crystals of CaHg 5 . The reaction pro- 
ceeds to completion. The existence of the 
compound CaHg 6 has been confirmed by 
analysis of an individual crystal. Neuhausen 
(J. Amer. Chem. Soc. 1922, 44, 1445) employed 
a 25-cm. dish containing a thin layer of Hg 
filled with 1-75 77-solution of CaCl 2 . an anode 
of platinum foil, 2x4 cm., was placed parallel 
at 4 cm. distance from the mercury. A current 
3-5 amperes at 4-6 volts was passed for 30 
minutes, after which hydrogen was evolved. The 
amalgam was washed by pouring into distilled 
water and contained 0-069-0-075% calcium. 

Alloys. — Sodium. — Calcium, although soluble 
in molten sodium, from which it separates in 
tlio crystalline Btato on solidification of the 
solvent, is not notably soluble in potassium. 

In the system CaCI 2 +2Na^Ca+2NaCI 
at 600°-800° the metal phase has a constant 
composition, c.g: at 0-95 atom % Ca and 99-05 
atom % Na when the salt phase contains 
16-98-5 molecular percentage composition of 
calcium chloride. The total solubility of sodium 
and calcium at constant temperature in a fused 
mixturo of sodium and calcium chlorides 
increases in an approximate manner with the 
calcium chloride concentration, and rapidly 
with rise of temperature (Lorenz and Winzer, 
Z. anorg. Chem. 1929, 181, 193). 

The liquidus of the Ca-Na system is hori- 


zontal at 710° from 7 to 86% Ca, Ca being 
soluble in Na to the extent of 7% and Na in 
Ca to 15%. Complete miscibility occurs at 
1,185° (Rinck, l.c.). 

Aluminium . — Matsuyama (Sci. Rep. Tohoku, 
1928, 17, 783) finds that the liquidus of the 
Al-Ca system consists of four branches corre- 
sponding with separation of a solid solution, 
CaAI 3 , CaAI 2 , and Ca respectively. Alumin- 
ium dissolves 0-3% calcium at ordinary tempera- 
ture and 0-6% at 616°. Alloys containing 0-6- 
33-03% calcium are eutectiferous, the eutectic 
containing 7-55% calcium and melting at 616°. 
Alloys containing 13-9^2-5% calcium undergo 
a peritectic reaction on cooling below 700° 
forming CaAI 3 . The liquidus has a maximum 
of 1,079° at 42-5% calcium corresponding with 
CaAI 2 . Alloys containing more than 42-5% 
calcium are eutectiferous, the eutectic containing 
73% calcium and melting at 545°. Quantities 
of calcium up to 5% cause brittleness and a 
decrease in the tensile strength of aluminium. 

Magnesium . — Calcium furnishes an alloy 
with magnesium which decomposes cold water. 
The freezing-point curve has a simple form, 
the single compound Ca 3 Mg 4 being indicated 
by a maximum at 715°, whilst there are eutectic 
points at 514° and 446° and 18-7 and 78-7% 
of Ca respectively. The compound CaMg 2 
is brittle, silvery in appearance, stable in air, 
and is only slowly acted upon by water. 

Lead . — Lead and calcium react together 
violently in the molten state ; the freezing-point 
curve has maxima at 649° and 1,105°, correspond- 
ing with the compounds CaPb 3 and Ca 2 Pb 
respectively. Another compound, CaPb, is 
formed at 950°. All these alloys fall to a black 
powder in air. 

Copper . — Copper and calcium form a single 
compound, CaCu 4 , melting at 933°, unstable in 
air. 

Silver . — Thermal measurements have suggested 
the existence of a number of silver-calcium 
compounds. C. Degard (Z. Krist. 1935, 90, 
399) has shown that when the alloys are 
melted in vacuum and examined by X-rays, 
the only compounds indicated are AgCa 
(face-centred cubic, a 9-07 A.) and Ag 3 Ca 
(tetragonal, eja 0-88). There is no evidence 
for AgCa 2 , Ag 4 Ca, and Ag 2 Ca. 

Zinc, Nickel and Tin . — With zinc and 
nickel calcium forms brittle alloys. Tin, 
heated just above its point of fusion, combines 
with calcium with incandescence forming a 
white crystalline alloy containing 3-82% calcium. 

Calcium Hydride, CaH 2 .— Calcium does 
not unite with hydrogen at the ordinary tem- 
peratures. The hydride is obtained as a fused 
white solid, sp.gr. 1-7, when calcium cut into 
small pieces contained in several nickel boats 
is placed in a glass tube sealed at one end 
and hydrogen is fed in at a pressure of 4 to 5 cm. 
mercury, the tube being heated to redness, 
and the temperature kept sufficiently low to 
prevent union between the calcium and the 
nickel. 

The adsorption of hydrogen by calcium and 
its alloys has been determined by Kassner and 
Stempel (Z. anorg. Chem. 1929, 181, 83). At 
250 calcium filings quickly adsorb hydrogen in 
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amounts corresponding with the formula 
CaHj At higher temperatures adsorption is 
slower, probably owing to sintering of the dr- 
hydnde formed, and at 500° conversion into the 
hydride is complete in 2-3 hours. At 800° 
velocity of adsorption becomes large a^ 

The dissociation pressures of calcium hydride 
as determined by Kraus and Hurd (J. Amer. 
Chem. Soc. 1923, 45, 2564) are at 985 6°, 4 82, 
769 2°, 0 93 ; 734°, 0 42 cm. mercury. 

Calcium hydride may be heated to redness in 
air without change. Its characteristic reaction 
is the decomposition of water in the cold with 
the liberation of hydrogen _ It shows a marked 
dissociation from 600°, reaching 1 atmosphere 
pressure below 800°. This cannot be a true 
dissociation pressure, as the hydride is readily 
formed by heating calcium in hydrogen at 830°. 
A second hydride may also exist . 


Ca+ H-> CaH+23,100 g.-cal. ; 
CaH+H-* CaH t +22,Q00 g. cal. 


(Bronsted, (Z. Elektrochem. 1914, 20, 81) 
Moldenhauer and Roll-Hansen (Z. anorg. Chem. 
1913, 82, 130) calculate the heat of formation 
of calcium hydride from solution in hydrochloric 
acid : for C a H from liquid calcium and hydrogen 
about 21,000 g cal., and for CaH 2 from CaH 
and hydrogen 21,000 g -cal. Guntz and Bassett 
(Compt. rend. 1905, 140, 863) found 46,200 
g -cal. from solid calcium. The vapour-curve 
between 755° and 920° can be represented by 
the equation : 


log p=— 3 475+0 005322T 
The vapour pressure is considerably higher than 
that measured by previous investigators, 
corresponding with the equation : 

2CaHj^2CaH + H„ 

and not with the equation 2CaH?^2Ca+H t . 
The heat of reaction calculated according to 
van ’t Hoff’s equation has the value 24-8 kg -cal. 
rising to 31-5 kg. cal. at 755° and 920° respec- 
tively, whilst the Nemst formula gives the value 
22 6 kg -cal. Calcium hydride in the form of 
water clear, hexagonal pnsms with super- 
imposed rhombohedra was prepared (Kassner 
and Stempel, Z. anorg. Cbem. 1929, 181, 83). 

H. Flood (Kong. Norske Vid. Selsk. For. 1934, 
7, 66-69 ; 1935, A 1469) has shown that the 
primary reaction between CaH t and HjO is to 
give CaO, tut at low temp. <2 mols. of H t 
per mol. of CaH t are evolved, owing to the low 
V.p. of Ca(OH) 2 Above 350" reaction pro- 
ceeds directly to CaO, and the drying effect of 
CaH 2 is most intensive. 

A mixture of BaS0 4 and CaH 2 ignited by a 
fuse similar to that used with thermite reacts 
Vigorously according to the equation : 

BaS0 4 +4CaHj=BaS+4Ca0+4H lt 
(Ebler and Herrdegen, Ber. 1913, 46, 2264). 

Calcium Oxide. Lime, CaO. — Anhydrous 
calcium oxide (quicklime) is obtained by 
heating to redness any salt of calcium containing 
a volatile acid, such aa the carbonate and 
nitrate. Calcium carbonate may _ be fused 
without decomposition when heated in a closed 
vessel, but when raised to a red heat under 


ordinary pressure it becomes converted into 
bme: 

CaC0 3 =CaO+COj. 

To obtain pure lime, Iceland spar or other 
forms of calcite, or the finest marble, may be 
employed, the ignition being performed in a 
crucible with perforated base so as to permit of 
the entrance of furnace gases, which carry away 
the carbon dioxide as fast as it is formed; 
Otherwise, the decomposition is incomplete, the 
carbonate undergoing no change in an 
atmosphere of carbon dioxide. The tension of 
dissociation of CaCOj is 27 mm. at 547° and 
753 mm. at 812°. 

Measurements of the thermal dissociation of 
calcium carbonate by J. C. Southard and P. H. 
Royster ( J. Physical Chem. 1936, 40, 435), made 
with the use of a furnace in which a temperature 
of 900° could be maintained constant within 
J) 04° for over 30 hours, lead to pressures given 
by log,, p cm.= — 9I40/T+0 382 Iog 10 T-0 668 
X 10~ 3 T+9 3171. The temperature cone- 
Bponding with 1 atmosphere is 894 4°. In prac- 
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tice, the temperature for burning lime is about 
1,000°. The Taw material may be nearly pure 
calcium carbonate, such as marble or chalk, or 
may contain so much clayey matter that the 
product is a cement of the Portland class rather 
than a lime. On this fact the choice of the mode 
of burning in part depends, because if the lime 
is needed to be pure it must be burnt out of 
contact with solid fuel, whereas if it is a cement 
rather than a lime, the addition of siliceous 
matter from the ash of the fuel may be actually 
an advantage. The chief uses of lime are for 
budding, in agriculture, and for chemical 
manufacture. For the first purpose an impure 
limestone, burnt in contact with solid fuel, is to 
be preferred, whereas the purest obtainable 
limestone, heated out of contact with fuel, 
yields the best material for chemical use. In 
practice these principles are not always ob- 
served, partly from want of realisation of their 
validity and partly because it is sometimes 
economical to sacrifice the purity of the product 
rather than incur the expense in capital and fuel 
of kilns designed to burn limestone out of contact 
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with solid fuel. The knowledge of these prin- 
ciples, however, is of value in deciding on the 
type of kiln to be adopted in any given case. 

The simplest form of kiln is the flare kiln, 
shown in Tig. 1. The fuel {wood or peat) is 
burnt under an arch made of the material to be 
calcined, thus the lime produced is uncontamin- 
ated with ash. So crude a device is, of course, 
not economical of fuel, but its simplicity and 
cheapness, and the' fact that it can produce 
excellent lime, cause it to be still used to a 
considerable extent, particularly where brush- 
wood and limestone occur together. The greater 
part of the lime used in the Near East is 
produced in this manner. 

Another simple form is the common running 
kiln shown in Fig. 2. The limestone or chalk 



is loaded into the kiln with alternate layers of 
small coal or coke, and the product is from 
time to timo drawn from an eye at the bottom 
of the kiln, fresh layers of raw material and fuel 
being added through the charging hole at the 
top of the kiln. Lime made in kilns of this class, 
of course, contains the whole ash of the fuel. 

W. Woodhouse (J.S.C.I. 1932, 51, 115) states 
that the continuous vertical type of kiln pro- 
duces the greater part of the lime used in Eng- 
land. The charge consists of alternate layers of 
limestone and coal, the lime being drawn at 
tho bottom as the burning proceeds. The 
lime, however, is mixed with fuel ash. This 
typo of furnace is most satisfactory when fired 
from exterior furnaces by coal or gas in which 
secondary air supplies assist in regulating the 
temperature. 

Tho shaft differs considerably in details of 
shape and size. Most of them, however, are of 


cylindrical shape bulging from the top towards 
the hot zone and narrowing at the base. 

In the Buxton area this type is still much in 
use. The height is generally about 50 ft., and 
where built into the side of the hill they are 
lined with one cover of fire brick. The lime- 
stone which has thin beds and pockets of 
clay is first disintegrated by a main blast tunnel 
and the blocks broken by small charges of 
black powder and then by hand, the small blocks 
being carefully sorted. 

In America as in England the common kiln is 
the vertical type, known there as the keystone 
kiln. Its construction is shown in Fig. 3. 



Fig. 3. 

( Reprinted by permission from “ Cements , Limes and 
Plasters," by Eckel, published by John Wiley and Sons, 
Inc.) 

It consists of a heavy steel shell lined with fire 
brick. Eckel gives the following dimensions : 
Outside diameter 

of shell . . 10ft. 1 1 § ft. 12 ft. 

Inside diameter ‘ 

of lining . . 5 ft. 6 ft. GJ ft. 

Total height. . 38 ft. 43 ft. 48 ft. 

Output per day . 7-8 tons 8-10 tons 10-12 tons 
Two furnaces are carried on steel platforms on 
opposite sides of the kiln in which coal is burnt. 
Below the level of the furnaces is a cooling cone 
made of steel plates from which the lime is 
withdrawn through draw gates. 

Most of the recent modifications are variations 
of this type ; patents and secret improvements in 
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England are all connected with this type of 
furnace to produce a pure lime. The main 
difficulty in working is to maintain uniform 
heating of the limestone. 

In Germany the tendency is towards the use 
of gas-fired shafts, particularly in areas where 
brown coal occurs, the gas being manufactured 
by means of a gas producer. These furnaces 
are usually about 14-5 m. high, width 1-6 m. 
at the. top and T85 m. at the bottom of the 
inside of the shaft. Generally they are built in 
pairs, as is common in most of the shaft furnaces 
in England, but in some cases, as illustrated in 
“ Das Kalkbrennen ” by E. Block, 1924, six 
furnaces are built into an angular structure in 


which the interior of the shaft becomes six-sided, 
giving a distance from centre to centre shaft 
of the ring of 8-65 m. In England the steel shaft 
kiln fired by producer gas is gradually replacing 
the older mixed fuel type. 

The modern type of kiln made by Messrs. 
Ashmore, Benson, Pease & Co., Ltd., at their 
Parkfield Works, Stockton-on-Tees, and illus- 
trated in Fig. 4, is supplied complete with 
gas producer and hydrating equipment. The 
kiln is approximately 70 ft. in height from the 
charging bell to the automatic mechanical 
discharge ; 9 ft. diameter at the top tapering 
to 9J ft. diameter at the level of the gas 
burners. 
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A kiln of the foregoing dimensions and type 
will produce 40 tons of burnt lime per day of 
24 hours 

The kiln consists of a steel cylindrical shell of 
riveted or welded construction with an inner 
lining of fire brick and a layer of beat insulating 
material between the steel shell and the fire- 
brick lining. 

The firing arrangements for the kiln comprise 
two circular mams one above the other, each 
mam being fitted with eight separate burners 
situated at a suitable height above the dis- 
charge A specially constructed central burner 
injects a flame into the centre of the kiln on a 
level with the lower set of burners, thus ensuring 
a uniform temperature in the heat zone with 
complete burning of the lime 

The kiln is charged from ground level by means 
of an automatic 6kip hoist, or arrangements can ' 
be made for direct charging by means of bogies 
in places where the contour of the surrounding 
site permits 

The kilns are provided with automatic labour 
saving devices for the production of hydrate of ] 
lnne. 

Lime can be burnt in a rotary kiln similar to 
those used for cement but worked at a lower 
temperature 

The Hoffmann kiln is nsed in places where 
labour is sufficiently cheap to allow of loading 
and unloading by hand being performed at! 
a low cost, as in the Buxton area, and it 
has the advantage of being economical of fuel 
It is largely used in America The limestone 
must be crushed and graded to J-1J ui 6ize 
The burning chamber consists of an endless 
tunnel, divided mto compartments of approxi- 
mately equal size by means of combustible 
dampers. Each chamber is provided with an 
opening m the outside wall for charging and 
discharging, and with an opening into the mam 
flue connecting with the chimney. The fuel of 


breeze and coal is introduced through holes in 
the arched roof. The kiln is worked on a pro. 
gressne scheme, fuel being charged into the 
hottest chamber, and air being allowed to enter 
here so as to complete the calcination, while the 
gases are allowed to escape through dampers in 
the last chamber. The daily production of these 
furnaces is very large. 

The divisions are made with brown paper which 
bums a3 the heat extends and allows the heated 
gases to attack the limestone in the next 
chamber. One of these furnaces has been in 
use at the Buxton Lime Co. Works for fifty 
years. 

A. B Searle, “ Limestone and its Products,” 
BenD, 1935, states that the total length of the 
tunnel should not be less than 108 ft , and 240 ft 
is preferable. The latter will allow of 20 
chambers (charging sections) each 12 ft. in length. 
In such a kiln running normally : 

1 jehamber will be empty. 

1 chamber will be filling. 

7 chambers will be preheating by hot ga«es 
from the fuel. 

4 chambers will be under fire. 

6 chambers will be cooling and at the same 
time heating the air required for combustion of 
fuel. 

1 chamber will be empty. 

In the ordinary type the fuel is dropped 
through flues in the roof. If oil is used there u 
no ash In the Belgian type the fuel is fed by 
outside grates about 10 ft apart The efficiency 
of a Hoffmann kiln is fairly high, using only 
3 cwt of roal to 1 ton of lime produced The 
quality of the lime is good but irregular where 
the ash 13 mixed with the lime 

Qualities and Uses of Lime . — Commercial lime 
ranges in composition from almost chemically 
pure calcium oxide to a material closely re 
eembhng Portland cement The following 
analyses illustrate this ■ 



Buxton lime 

Common build 
Ing Lime 

Chaux de Tell 

Blue Lias 

Insoluble residue 

} 0,1 

< 13 20 

0 62 

2 39 

Combined silica (SiO.) 

110 34 

2210 

1417 

Alumina (AI,Oj) . 

Feme oxide (FejOj) 

( Oil 

1*64 

1 82 

1 6 79 | 

\ 234 

lame (CaO) .... . . 

98 72 

51 10 

G6 72 

63 43 

Slagnesia (MgO) 

0 4S 

104 

1*17 

1 54 

Sulphuric anhydride (SO s ) 

Carbonic anhydride (CO.) 

— 

0 21 

0 49 

1 63 

— 

8-00 

064 

3 64 

Water (H,0) . 



| 14 47 

(5 30 

2 69 1 

Alkalis and loss . .... 


\ 1-03 

1-3S | 


100 00 

100 00 

100 00 

10000 j 


As mentioned above, the purest kinds are 
needed for ehemiea^ manufacture, and the less 
pure varieties, which approach the nature of 
cement, are generally preferable for building 
In the case of limes containing so much silica 
as does Chaux de Tefl and so much silica aDd 
alumina as does Blue Lias lime, they may be 
regarded as hydraulic cements rather than 
limes proper. A rough trade distinction exists 


between “ fat ” and “ poor " lime. The former 
is fairly pure and slakes rapidly and with a 
high rise of temperature ; the latter, containing 
some combined silica and alumina, slake* 
slowly and relatively feebly. Both, when 
mixed with sand, form morta'rs, but fat lime 
sets only by drying and subsequent adsorption 
of carbonic acid from the air, whereas the 
siliceous constituents in poor lime will them 
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selves set, to some small extent, in the manner 
of a cement. Ordinarily, however, no such 
chemical combination • takes place and the 
impurities serve only to depreciate the quality 
of the lime. Eckel gives analyses of high 
calcium limes used in America which show 
92-99% CaO, while the lean limes contain 
81-85% CaO. He also states that limes con- 
taining more than 5% impurities will usually be 
dark in colour, comparatively slow slaking, and 
difficult to trowel in working. In rural districts 
of England lime is almost always slaked on the 
spot where and at the time when it is to be 
used. On the Continent the lime is usually 
slaked long before it is used, and is thus allowed 
to become completely hydrated. This method is 
now being adopted in England, as shown by the 
hydrating plant attached to modern kilns. The 
modern method of preparing hydrated lime is to 
crush the burnt lime to a coarse powder, the 
necessary water being added to the whole or to a 
portion of the lime, the remainder being added 
later. A pan with agitator or revolving cylinders 
is used for the hydration and the material is 
then sieved. 

In the -Ashmore, Benson, Pease & Co., Ltd., 
hydrating plant shown in Fig. 4 the process is 
continuous. The lime passes from the kiln on a 
conveyor to a hammer crusher, whence it goes 
by means of a bucket elevator to a hydration 
plant consisting of five revolving cylinders 
in which it is thoroughly incorporated with 
the amount of water required to hydrate the 
lime. From here it passes through a ring roller 
and is then elevated to the top of the silos whence 
it is distributed by means of a belt conveyor to 
the storage silos. 

Lime made from dolomite needs much care in 
slaking as the hydration of the magnesia takes 
place slowly and may occur after the mortar 
is in place, and by expansion cause destruction of 
the work. 

Although lime will not act on sand at the 
ordinary temperature, it attacks it readily at a 
modcrato temperature. The manufacture of 
sand lime bricks is dependent on this fact (see 
Buii.ding Materials, section VII, p. 48). 

Pure calcium oxide forms white porous amor- 
phous masses of sp.gr. 2-3 to 3-08 (3-09 to 3-15, 
Eckel), highly infusible, melting only in the 
highest temperature of the oxyhydrogen blow- 
pipe flame or in the electric arc. In the 
ordinary oxyhydrogen flame it emits an intense 
light, which is much used for lantern projection. 

Calcium oxide has been obtained by Briigel- 
mann in minute cubic crystals of sp.gr. 3-251 
by heating the nitrate in a porcelain flask (Ann. 
Phys. Chcm. 1877, [ii], 2, 466 ; 1878, [iil, 4, 
277). 

A crystalline mass, found upon the lining of a 
continuous lime kiln at Champigny after 28 
months’ continuous work, was also shown to 
consist of small cubical crystals of pure lime, 
of sp.gr. 3-32 (Levallois and Meunier, Compt. 
rend. 1880, 90, 1566). 

There is evidence of the existence of two forms 
of calcium oxide. The oxide obtained by 
heating calcite at a low red heat is fine grained 
and porous. When heated at higher tempera- 
tures the refractive index increases and cubic 


crystalline calcium oxide is formed for which 
?!j,= 1-83. The melting-point of CaO as deter- 
mined by the Holbom-Kurlbaum optical pyro- 
meter is 2,570° (Ruff and Schmidt, Z. anorg. 
Chem. 1921, 117, 172). 

Amorphous lime takes up water with remark- 
able avidity, forming calcium hydroxide, 
Ca(OH) 2 , the combination being accompanied 
by a contraction in volume and evolution of 
heat [15-54 kg.-cal. per g.-mol. (Thomsen)], 
and light (Pelletier, Ann. Chim. 1823, [ii], 23, 
217). A rise in temperature of 468° has been 
recorded by Herzfeld (Z. Ver. deut. Zucker- 
Ind. 1897, 820). It is used extensively in the 
laboratory and in works as a drying agent. On 
exposure to air the amorphous variety of lime 
rapidly adsorbs water and carbon dioxide ; 
anhydrous lime, however, only adsorbs the gas- 
when heated to near 415° ; comparative tests 
show that carbon dioxide penetrates to a depth 
of about 3 in. in 20 days. More water is taken 
up in summer than in winter, but the carbon 
dioxide adsorption is about the same (Whetzel, 
Ind. Eng. Chem. 1917, 9, 287). Lime is readily 
soluble in dilute mineral acids. It also reacts 
with ethyl alcohol when heated in a sealed tube 
to 115°-125°, giving a mixture of hydroxide and 
ethoxide of calcium. 

Calcium Hydroxide, or Hydrate of Lime, 
Ca(OH) 2 , is obtained by slaking fresh, well- 
burnt quicklime with about a third of its weight 
of water. It forms a white amorphous powder of 
sp.gr. 2-078, sparingly soluble in water, and less 
so in hot than in cold water, as seen from the 
following table (A. Guthrie, J.S.C.I. 1901, 20, 
223): 

100 c.c. saturated limewater contains : 


Tempera- 

ture. 

°C. 

CaO in grains. 

Tempera- 

ture. 

c c. 

CaO in grams. 

5 

0-1350 

40 

0-1119 

10 

0-1342 

50. 

0-0981 

15 

0-1320 

60 

0-0879 

20 

0-1293 

70 

0-0781 

25 

0-1254 

80 

0-0740 

30 

0-1219 

90 

0-0696 

35 

0-1161 

100 

0-0597 


Sodium hydroxide decreases the solubility. 
d’Anselme (Bull. Soc. chim. 1903, [iii], 29, 936) 
gives the following data : 


Temp. 

°C 0-00 0-400 2-666 NaOH .g. per litre. 

20 1-17 0-94 0-39 CaO g. per litre. 

50 0-88 0-65 0-20 CaO g. per litre. 

70 0-75 0-53 0-11 CaO g. per litre. 

100 0-54 0-35 0-05 CaO g. per litre. 

The solution known as limewater has an 
alkaline reaction, and absorbs the carbon 
dioxide of the atmosphere, forming a pellicle 
of calcium carbonate. Limewater of definite 
strength for pharmaceutical purposes is best 
prepared by using freshly ignited lime. In 
preparing limewater from ordinary lime, the 
first solutions should invariably be rejected, < 
as they will contain nearly all the soluble salts 
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of the alkalis and the baryta and strontia 
present in the lime as impurities. Milk of lime 
is a suspension of calcium hy droxido in less 
water than is required for its complete solution. 
Calcium hydroxide is much more soluble in 
solution of sugar than in pure water due to the 
formation of soluble saccharntes (for solubilities 
f. "Weis berg, Hull. Soc. chim 1899, [ill], 21, 
773, see also Bassett, J C.S. 1934, 1270) 

Calcium hydroxide is precipitated by potas 
sium or sodium hjdroxide from strong solutions 
of the chloride , using highly concentrated 
solutions a solid product may be obtained 

Ashton and Wilson (Amer. J. Sci 1927, (v), 13. 
209) obtained crystals of calcium hydroxide by 
various methods showing always the same form 
and refractive indices The crystals belong to 
the hexagonal system and occur as short hexa- 
gonal prisms or plates vv ith perfect clcav age 
parallel to the (0001) face. The rcfraetiv c 
indices are w= 1 574i0 003, e= 1 545 ±0 003 
for sodium light, bircfngence is 0 029 , dr 
2 230 ±0 005 interference figure is uniaxial 
negative The lattice constants arc o 0 =3 579, 
r 0 —5 0280 A , the unit coll contains 1 molecule. 

Selivanoff(J Ituss Phj-s Chem Soc 1912,44, 
1797; 1913, 45, 237) states that hydroxides 
obtained by slaking specimens of different . 
ongm all agree closely in composition with the 
formula Ca(OH) 2 . The hydroxide adsorbs 
water which is largely lost in a desiccator over 
CaCI. or H 2 SO, Supersaturated solutions 
were found to contain 0 260-0 204 g of CaO 
per 100 c.c, agreeing with Guthrie The 
hjdroxide Ca(OH)j may bo obtained in 
hexagonal plates or prisms by heating super 
saturated solutions of liraoor by evaporating an 
aqueous solution under diminished pressure at 
28 < ’-30°. The cryohydrate of lime forms on 
solidification a transparent ice , when this melts 
it deposits elongated hexagonal plates or 
rhombic plates of the hydrate, 2Ca (0H) 2 ,H 2 0, 
which is veiy unstable 

Calcium hydroxide is an eneigctic base -com 
bining with acids to form salts and displacing 
ammonia from its compounds 

At a red heat, calcium hjdroxide is decom- 
7/cfwi, Vftw/g lisvciTi tciA wrfre 

remaining. 

Slaked lime is used extensively in the prepara 
tion of mortars and cements (r Blildirc 
Materials, section III, p. 129), for softening 
hard waters, in the preparation of lyes for the 
defecation of sugar, and for agricultural pur. 
poses. As regards the application of lime to 
the soil, only a small proportion reappears as 
carbonate, the remainder being adsorbed by 
the soil constituents. 

The slaking properties of lime depend to a 
great extent on its source, which determines the 
looseness of the powder. Samples made from 
oxalate and nitrate sto exceptionally dense. 
Calcium chlonde and sodium chlonde in the 
slaking water accelerate the slaking, sodium 
hydroxide retards it (Kohlschutter and Teit- 
knecht, Helv. Chim. Acta, 1923, 6, 337) 

Calcium Dioxide, Ca0 2 , was first prepared 
by Thenard by the action of excess of hydrogen 
peroxide upon limewater, when microscopic 
quadratic plates of the composition Ca0 2 ,8H 2 0, 


sparingly soluble in water and insoluble in 
alcohol, were precipitated. According to Con- 
roy (J.CS 1873, 26, 810h the peroxide is 
most conveniently prepared by adding lime- 
water in considerable excess to an aqueous 
solution of sodium peroxide acidified with 
nitric acid. It is also obtained as a finely 
divided white precipitate on adding a neutral or 
alkaline solution of sodium peroxide to a solution 
of a calcium salt Ca0 2 m the anhydrous form 
(Ricsenfcld and Nottebohm, Z anorg. Cbcm 
1914, 89, 405) separates from very concentrated 
solutions near 0% and above 40° even from very 
dilute solutions. The ortahjdrate 13 obtained 
from very dilute solutions at the ordinary 
temperature The crystals arc isomorphous 
with those of hydrated barium peroxide. On 
exposure to air they effloresce, and when heated 
to 100° are converted into the anhydrous per- 
oxide. On increasing the heat, half the oxygen 
is driven off, leaving a residue of pure lime 
There is no appreciable decomposition betow 
220°. Up to 27J° decomposition is slow, but 
then becomes very rapid, finely divided Ca0 2 
decomposes explosively when heated rapidly to 
275®. The dissociation pressure at 235° is more 
than 190 atmos (Reisenfeld and Nottebohm, 
Z. anorg Chem 1914, 00, 37) 

Calcium Tetroxide, Ca0 4 By warning 
calcium peroxide octahydrate with 5-6 times 
its quantity of pure H t O a (30%) until evolution 
of oxygen ceased, and then washing with water, 
alcohol and other, Traubc and bchulze (Her 
1921, 54, (B), 1626) obtained a compound 
possessing a bright yellow colour which can be 
heated to 130° without change It shows the 
property of dissolving in acid with evolution of 
oxygen and production of H 2 0 2 The quantity 
of tho oxygen from the best preparations was 
2 7% by weight of the substance. The evolved 
oxygen is in.activ e, and as the compound is stable 
towards heat it is assumed to bo the tetroxide 
CaO, which is present to a maximum extent 
of 8 7%, the remainder being chiefly calcium 
peroxide with a little carbonate. 

Calcium Chloride, CaC) 2 , is found in the 
water of many springs and rivers, and is a 
vuteMcwth tA Vie: wiVrn: ruMxt iesaJtrA w* 
sea water. Calcium chloride liken iso occurs, 
together with magnesium chloride and alkaline 
chlorides in the tachydnte and camalhte o'f the 
Stassflirt deposits, tachydnte containing 21% 
CaCI 2 and 36% MgCI 2 , whde camalhte con 
tains 3% CaCI 2 and 31% MgCI 2 . It occurs as 
a major constituent of Dead Sea brine (t. 
Bromine, p. 108). 

Calcium chloride may bo obtained by passing 
chlorine over the red hot oxide, or by dissolving 
lime, chalk or marble in hydrochloric acid and 
evaporating. If it is necessary to obtain the 
salt pure, chlorine water may be added to the 
solution in hydrochloric acid in order to oxidise 
any iron present, which may then be precipitated 
by the addition of milk of lime, and filtered eff 
The slightly alkaline filtrate is then acidified 
with hydrochloric acid and evaporated to the 
crystallising point. 

Calcium chloride is obtained in large quantities 
as a by-product in many manufacturing pro- 
cesses, notably in the preparation of potassium 
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chlorate and in the manufacture of sodium 
carbonate by the ammonia-soda process; it 
may be obtained in the pure state from these 
crude products by the method just indicated. 
Many attempts were made to recover the 
chlorine of the waste product ; hydrochloric 
acid so produced, however, could not compete 
with that obtained by the direct process. 

Saturated solutions of calcium chloride deposit 
the hydrated salt, CaCI 2 ,6H 2 0, in large hexa- 
gonal prisms terminated by pyramids. The 
crystals melt at 29° in their water of crystallisa- 
tion and deliquesce rapidly in the air, forming a 
viscous fluid, formerly termed oleum calcis. 
Heated below 200°, or in a vacuum over sul- 
phuric acid, the crystals lose 4 molecules of 
water. The remaining 2 molecules can only be 
expelled above 200°. According to Weber 
(Ber. 1882, 15, 2316), the salt dried at 180°-200° 
is practically anhydrous, containing only -0-2% of 
water. Besides the two hydrates above 
described, Lcsoceui' (Compt. rend. 1881, 92, 
1158), from determinations of vapour tensions 
of solutions, shows the probable existence 
of two others, CaCI 2 ,4H 2 0 and CaCI 2 ,H 2 0. 
The tetrahydrate, however, can only exist 
below 129°. Milikan (Z. physikal. Chcm. 
1917, 92, 496) has examined the equilibrium 
conditions in the system CaCI 2 -HCI-H 2 0. 
The solution containing 44-5% CaCI 2 and 
3-3% HCI is in equilibrium with the solid 
phases CaCI 2 ,6H 2 0 and CaCl 2 ,4H 2 0, and 
the solution containing 2848% CaCI 2 and 
21-40% HCI with the solid phases CaCI 2 ,4H 2 0 
and CaCI 2 -2H 2 0. 

Anhydrous calcium chloride is a white porous 
mass, which fuses at a red heat or, according 
to Schaeffer (Jahrb. Min. Beil.-Bd. 1919, 43, 
132) at 773°. On cooling the salt solidifies to a 
translucent mass of crystals of sp.gr. 2-205. 
The crystal structure of calcium chloride has 
been investigated by A. K. van Bever and 
IV. Nieuwcnkainp (Z. Krist. 1935, 90, 374). 
By cooling fused dehydrated CaCI 2 slowly 
in vacuum single crystals were obtained 
having rhombic pseudotetragonal structure, 
n 0 6-24, b 0 6-43, r n 4-20 A, space-group Pnnm. 
A powder photograph does not agree with this 
structure but corresponds with a second 
modification, arising from the first by mechanical 
disturbance. A slight decomposition into oxide 
and carbonate occurs when the fusion is per- 
formed in air. On this account the porous 
chloride obtained by drying the crystals at 260° 
is better adapted for desiccating purposes, 
especially for the adsorption of water in organic 
analysis. McPherson (J. Amcr. Chem. Soc. 
1917, 39, 1317) has shown that granular calcium 
chloride which has been heated at 260°-275° 
in a current of air dried over phosphoric oxide 
will remove every trace of moisture from a gas 
passed over a sufficiently long column of the 
salt. If the fused mass is exposed to the sun’s 
rays it becomes phosphorescent in the dark, 
and was formerly called Homberg’s phosphorus, 
after the discoverer of the fact in 1693. 

Anhydrous calcium chloride is highly deli- 
quescent; 100 parts of the powder exposed 
to an atmosphere saturated with aqueous vapour 
absorbed 124 parts of water in 96 days. Accord- 
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ing to Kremers (Pogg. Ann. 1858, 103, 57 ; 
1858, 104. 133; J., 1858, 40), the following 
quantities of water are required to dissolve one 
part by weight of the anhydrous salt : 

At 10-2° 20° 40° 60° 

1-58 1-35 0-83 0-72 

The following table shows the densities at 
20°/4° of calcium chloride solution (Internat. 
Critical Tables, 1928, iii, 72). 


CaCI 2 %. 

Density. 

CaCUfo 

Density. 

o 

1-0148 

16 

1-1386 

4 

1-0316 

18 

1-1578 

6 

1-0486 

20 

1-1775 

8 

1-0659 

25 

1-2284 

10 

1-0835 

30 

1-2816 

12 

1-1015 

35 

1-3373 

14 

1-1198 

40 

1-3957 


A solution of 50 parts anhydrous CaC) 2 in 
100 parts water boils at 112% one containing 
200 parts boils at 158°, and one containing 325 
parts boils at 1 80°. 

According to Lefelivre (Compt. rend. 1870, 
70, 684) a supersaturated solution of calcium 
chloride is formed by dissolving 350-400 g. of 
the crystallised salt in 50 c.c. warm water or 
200 g. of the anhydrous salt in 250 e.c. water ; 
it may bo shaken after cooling without crystal- 
lisation, but solidifies on contact with a crystal 
of the salt. If cooled to 5-8°, this solution 
begins to crystallise, the temperature rising to 
28°-29°. A solution containing 55% CaCI 2 
deposits at about 15° large plates of the tetra- 
hydrate, CaCI 2 ,4H 2 0, which do not induce 
the crystallisation of the supernatant liquor. 
This solution, in passing from liquid to solid 
state, undergoes at 70° a contraction 0-0832 of 
its volume. 

The crystallised chloride CaCl 2 .6H 2 0 also 
deliquesces rapidly, and dissolves in half its 
weight of water at 0°, in one-fourth its weight at 
16°, and in nil proportions of hot water. In 
dissolving it absorbs heat, while the anhydrous 
chloride dissolves with evolution of heat. A 
mixture of 1-44 parts crystallised chloride with 
1 part of snow reduces the temperature to 
— 54-9°, more than sufficient to freeze mercury. 

Both the anhydrous and hydrated chloride 
dissolve readily in alcohol, 10 parts at 80° 
dissolving 6 parts anhydrous CaCl 2 ; on evapora- 
tion in a vacuum at winter temperature, rect- 
angular plates of 2CaCI 2 ,7C 2 H 0 O are 
deposited. 

Potassium and calcium chloride mixtures 
have a maximum m.p. at 740° with equal mole- 
cules of the two chlorides and two minima at 630° 
with 85% CaCI 2 and 40% CaCI 2 , the former 
being the eutectic point for CaCI 2 rKCaCI 3 and 
the latter for KCI,KCaCI 3 (Moldenhauer and 
Andersen, Z. Elektrochem. 1913, 19, 344, 447). 

Calcium and barium chlorides form a double 
salt CaCI 2 ,BaCI 2 (m.p. 631°), but no mixed 
crystals. There is a eutectic point at 602° 
with 38 mols. % BaCI 2 . Calcium and strontium 
chlorides form a continuous series of mixed 
crystals with a minimum at m.p. 658° with 66 
mols. % of CaCI 2 . Barium and strontium 
chlorides are also completely miscible. Tho 
ternary diagram is divided into areas of com- 
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plete and incomplete miscibility by a limiting 
curve. The ternary mixed crystals separating 
in the area of complete miscibility are dimor- 
phous. In the ternary area the existence of the 
binary compound, CaClj.BaCI., crystallising at 
C31°, and of a ternary compound, CaCI 2 ,BaCl lt 
SrCl.i crystallising at 500°, was established 
(Schaefer, Jahrb. Mm. Beil -BcL 1919, 43, 132) 
Calcium chloride forms a continuous senes of 
solid solutions with strontium, cadmium, and 
manganous chlondes, the melting-point curve 
m each case having a minimum which occurs 
at 646°, 545°, and 583° respectively. Mixtures 
of CaCl t with Bad, and with PbCI 2 form a 
simple eutectic senes, the eutectic points being at 
600° and 35 mols % BaCl 2 and at 468° and 83 
raols % PbClj respectively (Sandonnini, AttiR. 
Acca'd. Lincei, 1911, (v), 20, u, 496-646) 
Anhydrous calcium chloride adsorbs ammonia 
gas, forming the compound CaCI 2 ,8NH 3 as a 
white powder, which, on exposure to air, solution 
in water, or on heating, is decomposed. Thrown 
into chlorine gas, the compound tabes fire. 
Calcium Oxychloride, 

3Ca(OH) t ,CaCl 1 ,11 H,0. 

(V I Nikolaev and S. A Glinskioh, Com pt. rend. 
Acad Sci. U.R.SS 1934,1,572) The erroneous 
formula attributed to this compound by Ditte 
(Z anorg Chem 1893, 3, 34), Schreinemakersand 
Figee (Chem. Weekblad 1911, 8, 683) and 
Milikan (Z. physikal Chem 1917, 92, 59) was 
due to the fact that the crystals contained up 
to 16% of mother liquor 
When calcium chloride is fused at a height 
red heat in a current of moist air, it is gradually 
converted to an oxychloride of the composition 
CaClj CaO, and eventually to the oxide 
(Gorgeu, Compt rend. 1884, 99, 256). 

B Neumann, C. Kroger, and H. Juttner (Z. 
Elehtroehem 1935, 41, 725) record equilibrium 
data for the bjstem CaClj-CaO (600°-1,300°) 
The existence of 4CaCI 2 ,CaO has been 
established. Steam begins to decompose CaCI 2 
at 780°. The reactions have been studied over a 
range of temperature and are discussed in 
relation to the equilibrium diagrams 
Calcium Hypochlorite v. Bleaching 
Powder. 

Calcium Chlorate, Ca(CIOj) 2 ,i3 produced 
when chlorine is passed into hot milk of lime, 
but is difficult to separate from the chloride 
simultaneously formed ; the reaction is usually 
represented as follows : 

6Ca(OH),+ 6Clj 

= Ca(CIO a ) 2 -f 5CaCI 2 +6H 2 0 
According to Lunge ( J S C.I. ] 885, 4, 722), 
the reaction really takes place in several stages, 
calcium hypochlorite and hypochlorous acid 
being fiist formed and mutually reacting with 
production of calcium chlorate : 

( 1 ) Ca(0CI) t +2CI 1 +2H,0=CaCl t +4HC10 

(2) 2Ca(OC!) t +4HCIO= 

CaCl t +Ca(CI0 1 ) I +2Cl 1 +2H t 0 

The free chlorine 6ervcs only as carrier of the 
ox} gen of two molecules calcium hypochlorite 
to a third molecule of the hypochlorite which is 
oxidised to chlorate. Lunge's experiments 


show that the beat mode of converting hypo- 
chlorite into chlorate is to raise the tempera- 
ture of the solution, while maintaining a slight 
excess chlorine The heat produced by the 
reaction on the large scale is sufficient. 

A yield of nearly 90% of calcium chlorate 
can be prepared by the electrolysis of a 10% 
solution of calcium chloride. The density of the 
current should be 10 amperes per square deci- 
metre at the anode and double at the cathode ; 
temperature 50° (Bischoff and Foerster, Z. 
Elektrochem 1898, 4, 464). 

It may also be prepared by precipitating 
potassium chlorate with calcium silico-fiuoride 
It crystallises in deliquescent rhomboidal plates, 
very soluble m water and alcohol ; the crystals 
contain 16 5% water, melt when warmed, and 
decompose on further heating 

Calcium Perchlorate, Ca(CI0 4 ) 2 , may he 
obtained by saturating perchloric acid with 
caustic lime It is extremely deliquescent and 
crystallises in prisms soluble in alcohol... 

Calcium Bromide, CaBr, (rap. 730°), is 
formed by heating calcium in bromine vapour, 
oi by dissolving lime or calcium carbonate in 
hydrobromic acid and evaporating. The silky 
needles thus obtained are hydrated, but may be 
converted to the anhydrous salt by heating 
Calcium bromide much resembles the chloride 
in properties, being deliquescent and vety 
soluble in alcohol NaBr and CaBr 2 solidify 
to form two series of solid solutions with a 
eutectic point at 613°, and on further cooling a 
reaction takes place at 469°, a compound 
NaBr s ,2CaBr 2 being formed KBr forms a 
single compound KBr,CaBr 2 , represented by a 
maximum on the freezing-point curve at 637°. 
There are eutectic points at 544° and 563° respec- 
tively (Kellner, Z. anorg. Chem. 1917, 99, 137) 

Calcium Iodide, Cal t , may be prepared 
by combustion of calcium in iodine vapour, 
or by solution of lime or the carbonate in 
hydnodic acid and evaporating and fusing the 
residue in a closed vessel ; or hydnodic acid 
prepared from red phosphorus and iodine may 
be made slightly alkaline with milk of lime 
and yields a solution of calcium iodide (Liebig 
Annalcn, 1862, 121, 222). Heated in contact 
with air, it fuses below a red heat, and is 
decomposed with liberation of iodine vapours 
and formation of lime. 

The iodide of calcium and silver of the com- 
position Cal t 2Agl,6H 2 0 has been prepared 
by Simpson (Proc. Roy. Soc. 1878, 27, 120) 
by saturating a hot concentrated solution of 
Ca 1 2 with moist silver iodide. It crystallises 
on cooling in long white needles, decomposed by 
water. The basic salts formed by the alkaline 
earth metal haloids have been studied by the 
equilibrium relations in the ternary system 
between the haloids, the corresponding 
hydroxides, and water. The hasic salt 
Ca lj-3CaO,16HjO is stable at 25° in contact 
with solutions containing 28 44% to 66 68% 
of Cal, (Milikan, Z. physikal. Chem. 1917, 92, 
59). « . 

Calcium lodate, Ca(l0 3 ) t .6H,0, is obtained 
by crystallising mixed solutions of potassium 
lodate and calcium chloride. The hydrated salt 
forms four sided prisms which effloresce in IM 
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air, and become anhydrous when heated to 200°. 
From a solution acidified with nitric acid, it 
separates in trimetric crystals. The crystals are 
soluble in 454 parts water at 18°, and in 102 parts 
of boiling water, but are insoluble in alcohol. 
The anhydrous salt gently heated in a porcelain 
retort evolves 14-78% of oxygen and 54-07% 
of iodine, leaving 31-14% of a residue rich in 
pentabasic periodate of calcium. Heated more 
strongly, it evolves more oxygen and iodine, 
and leaves 20'35% of a mixture of pentabasic 
periodate and free lime. Calcium iodate deton- 
ates violently when heated on charcoal. 

Sonstadt proposed (B.P. 0304/84) to use 
calcium iodate as an antiseptic. 

Calcium Periodate, Ca( 1 0 4 ) 2 , is obtained 
by dissolving calcium carbonate in -a strong 
solution of periodic acid and evaporating the 
acid solution over concentrated sulphuric acid. 
By treating feebly acid solutions with calcium 
carbonate, or by the action of an alkaline 
periodate on calcium nitrate a basic salt 
Ca( l0 4 ) 2 -CaO,9H„O or 3H 2 0, is formed 
(Rammeisborg, Jahresber. 1868, 164; Langlois, 
Ann. Chim. Phys. 1852, [iii], 34, 257). 

Calcium Fluoride, CaF 2 , is found widely 
distributed in nature and is known as fluor- 
spar. It is the only common mineral in which 
fluorine forms one of the principal constituents. 
It occurs both massive and in beautiful crystals, 
generally cubes or forms in combination with the 
cube. It is a common vein mineral, occurring 
usually in association w-ith metallic ores, barytes, 
calcite, etc. It presents a variety of colours, 
sometimes shading into one another as in the 
beautiful “ Blue John ” of Derbyshire. There 
is a considerable industry carried on in fluor- 
spar districts in the carving of ornamental vases 
and other articles, the brilliantly coloured 
varieties being especially in demand. While 
being heated fluorspar phosphoresces in the 
dark. All tho ' coloured specimens lose their 
colour on heating, green specimens being .the 
most difficult to decolourise completely. Thermo- 
luminescence is very marked in all naturally 
coloured crystals, a violet light being emitted in 
most cases, with decrepitation. Free fluorine 
has been shown to exist in a dark violet fluor- 
spar from Quincie, Dept, du Rh6ne. Crystal- 
lised colourless fluorspar can be coloured deep 
blue by tho /3- and y-rays of radium, and then 
shows on gentle warming a beautiful green 
thermo-luminesecnco which fades and changes 
into tho pale violet light characteristic of all 
fluorspars. Debiernc found that certain dark 
violet fluorspars smell of ozone. When heated 
they lose their colour and thermo-luminescence 
and also yield helium in variable but small 
quantity. On exposure to radium rays the 
violet colour is restored. Calcium fluoride is a 
constituent in small quantities of many plant 
ashes, of bones, and of the enamel of -teeth. 
When tho gelatinous calcium fluoride obtained 
by precipitating any soluble calcium salt with 
fluorides of sodium or potassium, is heated 
with water slightly acidified with hydrochloric 
acid it is transformed into microscopic octahedral 
crystals. 

Calcium fluoride is soluble in about 2,000 
parts of water at 15°, and is slightly’ more 


soluble in water containing carbon dioxide. It 
dissolves in hydrofluoric acid and in strong 
hydrochloric acid, and is precipitated in the 
gelatinous form by ammonia. It is fusible at 
1360°, and is used as a flux inmany metallurgical 
operations, especially in the reduction of 
aluminium. 

Calcium fluoride is not insoluble in acetic acid 
as geherally supposed. Acetic acid 0-5 N 
dissolves at 40°, 0-153 g. ; at 60°, 0-178 g. ; 
at 80°, 0-206 g. ; at 100°, 0-229 g. per litre. 
The corresponding figures for iV-acid are 
0-175, 0-203, 0-237, 0-264, and for 2W-acid 
0-192, 0-229, 0-267, and 0-300 (Duparc, Wenger, 
and Graz, Helv. Chim. Acta, 1925, 8, 280). 

S. Nagai and M. Miyasaka (J. Soc. Chem. Ind. 
Japan, 1934, 37, 303-306B) show that the 
addition of CaF 2 to mixtures of CaC0 3 or 
CaO with SiO s lowers the temperature of 
combination by about 200° and diminishes the 
proportion of CaO in the silicate when heating is 
prolonged. The presence of increasing amounts 
of CaF 2 increases the rate of the reaction 
2Ca0+Si0 2 -*2Ca0,Si0 2 at 1,200°; at 
1,300° the conversion produces some 
3Ca0,Si0 2 . Part of the CaF 2 is removed by 
volatilisation during the reaction (ibid. 419). 

Calcium fluoride is decomposed at a high 
temperature by water vapour into lime and 
hydrofluoric acid. Fusion with alkaline carbon- 
ates or hydroxides yields carbonate or oxide of 
calcium and alkaline fluorides. It is decomposed 
on gently warming with strong sulphuric acid 
into calcium sulphate and hydrogen fluoride. 
At a red heat it is also decomposed by chlorine. 

Calcium Carbide, CaC 2 . — Maquenne, in 
1892, prepared calcium carbide as an impure 
amorphous black powder, and Travers obtained 
it by heating together calcium chloride, sodium 
and carbon. It was not, however, until the 
advent of the electric furnace that it became 
possible to manufacture a pure carbide suitable 
for the preparation of acetylene. Moissan 
(Compt. rend. 1904, 138, 243) heated a mixture 
of lime 120 g., sugar carbon 70 g., in the crucible 
of an electric furnace for 20 minutes with a 
current of 350 amperes and 70 volts. At the 
temperature of liquefaction of the lime calcium 
carbide was formed according to the equation : 

CaO+3C= CaC,+ GO 

Botolfsen (Ann. Chim. 1922, 18, 5) shows that 
pure calcium carbide is not obtained by heating 
calcium acetylide-acetylene-ammonia, 
C 2 Ca,C 2 H 2 ,4NH 3 , 

as stated by Moissan. The product treated 
with water gave a mixture of hydrogen, 
ammonia, and acetylene. The reaction between 
metallic calcium and free carbon is not appreci- 
able below the melting-point of the metal. 
Above 800° combination takes place more rapidly 
if the calcium is in the state of vapour. When 
the carbide is prepared in an iron tube the 
product, even when practically’ pure, is black, 
the coloration being due not to free carbon 
but to iron. Calcium carbide dissociates on 
heating into its elements -without any inter- 
mediate formation of a sub-carbide ; dissocia- 
tion is influenced by the presence of iron, iron 
oxide, and other substances'. 
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Ruff and Foe rater (Z. anorg. Chem. 1923, 131, 
321) attempted to make the pure carbide by 
softening the commercial carbide (74 9% 
CaCj) in hydrogen at S.OOO’-fi.lOO 1 and 
squeezing out the carbide with a carbon rod, 
the process being repeated on the expressed 
material. Ruff and Josephy (Z. anorg Chem 
1926, 153, 17) made a pure carbide from 
calcium prepared by distillation of commercial 
calcium t» vacua at 1 ,500'. The preparation 
of the carbide from the metal and a pure soot 
was done in an iron crucible in an argon atmo 
sphere at 1,250°, nitrogen being first removed by 
heating the calcium in vacuo 

The product obtained in an open crucible is 
alwaj s of a loo-e nature and very sensitive to 
moisture, but by careful remeltmg in argon at 
760 mm it is obtained as a greyish black 
crystalline mass (Ruff and Focrster, l.c ), 

System Calcium Carbvle-Lime — Vaporisation 
of calcium carbide in nitrogen at 1,100° yields 
calcium cyanamide, which vaporises with 
partial decompo«ition at about 1,300°. When 
heated in hydrogen traces of acetylene are 
found above 2,200°, and m carbon monoxide 
calcium oxide and carbon at 1,700° From the 
curves representing the=e processes, the dissocia- 
tion pressure of calcium carbide was found to be 

1 atm. at 2,500°- 50°, » e. 1 mm. at l.S25°-50°. 
Pure calcium carbide melts at about 2,300°. 
The equilibrium of the reaction 

CaO (liquid)+3C*=CaC f (liquid)+CO 
depends on the partial pressure of carbon 
monoxide as well as on the ratio (CaCj) to 
(CaO). In an atmosphere of carbon mon- 
oxide when the eutectic solidifies the reaction 
is rapidly and completely reversed, but prepara 
tion of pure carbide was not realised experiment- 
ally on the<e lines (Ruff and Foerster, / e.). 

R. Taussig states that commercial carbide 
always contains a certain amount of lime, 
the amount varying with the temperature 
employed. 

G. FI usm and C. Aall (Compt. rend. 1935, 
201, 451) have mvestigated the fusion point 
diagram of the system CaC.-CaO in presence or 
traces of SiO,, Fe t O,, AljO s , MgO, C, and 
SO,, and find eutectics at 6S% of CaC, 
(1,750°) aDd at 35 6% of CaC, (1, R 00 C ), with a 
maximum at 52 5% of CaC, (1, 980°) corre- 
sponding w, h the compound CaC,. CaO. 

Calcium carbide reveals cleavage surfaces 
nearly equal and parallel to three directions at 
right angles to one another. A cleavage plate 
shows that it contains thin lamellae parallel or 
inclined at 45° to the cleavage plate. It is 
considered to be orthorhombic with polysyn 
thetic twinning (Warren, Amer. J. Sci. 1921’ 3. 
120 ). 

Accurate X-ray investigation by the Weissen- 
berg-Bohm method has shown that calcium 
carbide crystals are tetragonal The rect- 
angular pieces split from the carbide con«i«t of 
small crystals which give a wrong form of X ray 
diagram. There is a coalescence of three faces, 
the c axes of which lie at right angles to each 
other in three directional space. The unit cell 
contains 4 mols. and the calculated density is 

2 21, in good agreement with the experimental 


value of 2 1. The calcium atoms are deposed in a 

face-centred lattice and the carbon atoms form 
two faced centred lattices (von Staekelberg, 
Xaturwi*s. 1930, 18, 305-306). 

Pure calcium carbide is crystalline, colourless 
and transparent, but the commercial vanetv, 
discoloured by iron, is usually brownish red. 
Its characteristic reaction is the decomposition 
of water in the cold, with the liberation of 
acetylene and the formation of calcium hydroxide 

(r ACETTLEXX). 

Calcium Carbide, Manufacture of. — The com 
roercial manufacture of calcium carbide is 
credited to Willson in America and Heroult in 
Europe It was started in the early eighties 
of last century, and by progressive development 
acquired the distinction of being the largest 
consumer of energy m the elec'ric furnace 
industry This continued extension re-mlted 
in a better design and increased size of furnace, 
together with the necessary equipment for 
handling large quantities of raw materials and 
for preparing the carbide for the market. 

The chief factors which have to be considered 
in the choice of a site for a carbide factory are 
supplies of raw material consisting of limestone, 
and coke or anthracite, snd an abundant 
source of cheap electric power Large works 
ha\ e consequently been established in places 
where a practically unlimited supply of water 
power is a\ affable Hence, mo«t progress ui 
the industry has been witnessed in Norway and 
Sweden, where — excepting coal — other demands 
are amply satisfied. 

The raw materials used in the manufacture of 
calcium carbide should be as pure as possible. 
Special attention should be paid to obtaining 
them free from phosphorus, sulphur or magne«ia; 
silica, iron or alumina should be present only 
in small quantities (i Witherspoon, J.S.C 1. 1913, 
32. 113) 

Phosphorus occurs in limestone as calcium 
phosphate, and is reduced at the temperature of 
the furnace and in the presence of carbon, to 
calcium phosphide, which, when brought into 
contact with water, evolves pho^horetted 
hydrogen ; this impurity in acety lene used for 
illuminating purposes causes a haze of phos- 
phorus pentoxide, which is very objection- 
able. So carefully, however, are the raw 
materials selected that all commercial carbides 
are practically free from phosphorus, the 
average PH 3 content in acetylene being les3 
than 0 002%. (For a method of examining 
commercial carbide for calcium phosphide 
based on that of Lunge and Cedercreutz, see 
Dennis and O’Brien, Ind. Eng. Chem. 1912, 4, 
834.) J 

Sulphur, unless present with considerable 
amounts of alumina, has little influence on the 
resulting carbide. Calcium sulphide, formed 
in the furnace by the reduction of calcium 
sulphate, does not decompose in the production 
of acetylene, hut in the presence of alumina, 
aluminium sulphide may be formed, which 
yields hydrogen sulphide when brought in con- 
tact with water. Very little trouble, however, w 
experienced with sulphur, as the lime and coal 
used in the manufacture rarely contain a pro- 
hibitive quantity. 
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Magnesia has the peculiar property of inter- 
fering with the formation of calcium carbide in 
the furnace. If more than 1% of magnesia be 
present in the lime and coal, the electrical energy 
required becomes noticeably so much greater 
that raw materials containing such impurity 
are considered unfit for use. A flux of fluorspar 
has been used to counteract this effect, but with 
little success. Magnesia mixed with carbon and 
heated in the electric furnace is highly infusible 
and does not form a carbide ; under similar 
conditions barium and strontium oxides form 
carbides with ease. 

Silica, iron oxides and alumina form silicates, 
aluminates, and ferro-silicon, which reduce the 
purity of the carbide and the output of the 
furnace. 

The preparation of the raw materials in carbide 
manufacture is of much importance, owing to the 
high temperatures employed in the reduction of 
the lime. Water in the free state in the coal, or 
combined as hydroxide in the lime, should be 
entirely eliminated, its presence reducing the 
output of the furnace to a very serious extent. 
The coal (anthracite) or coke is, therefore, 
thoroughly dried at a low heat in some con- 
venient type of oven or rotary drier. The 
limestone, consisting of calcium carbonate, 
requires a high temperature to drive off the 
carbon dioxide, and the operation is usually 
conducted in some type of lime kiln fired by 
coal or gas — the Alby works at Odda used 
producer gas-fired kilns — or the limestone may 
be burnt in specially constructed chambers 
using gases evolved from the manufacture of 
the carbide. The ingredients were formerly 
ground fino to ensure a uniform product, 
but this is now found unnecessary, and the 
limo is reduced by crushers to 1-2 in. size, and 
the coal to J-£-in. mesh. They are then 
weighed and mixed roughly in about the 
theoretical proportions or approximately 100 
parts by weight of lime to 65 parts by weight 
of the carbon content of the coal. 

The types of electric furnaces which have been 
used in the manufacture of carbide may be 
roughly divided into the intermittent and the 
continuous forms. The first and earlier type 
was known as the ingot furnace, as the carbide 
was allowed to solidify in the crucible. 

In practico 4 tons of raw material were 
handled to produce 1 ton of carbide, and the 
process was also unsatisfactory on account of the 
varying quality of the product, which, though 
puro carbide in the centre, was only a fritted 
mixture of lime and coke on the crust. In order 
to improve both the quality and output the 
American makers adopted a rotating turnace, 
of which the Horry furnace is tho best-known 
type. 

In Europe tho early pot furnace was soon 
changed to a tapping furnaco in which the 
carbide was heated until sufficiently fluid to be 
run into cast-iron moulds. The earlier furnaces 
were similar in form to the pot furnace, with one 
suspended electrode, but it was difficult to get 
the desired temperature and fluidity. Two or 
more electrodes were then introduced, and the 
progress in electric furnace design for high 
temperatures followed lnrgely its development 


in the carbide industry. The furnace, as 
constructed by Alby in Sweden, used a single 
phase alternating currfent of 1,500 kilowatts, 
and produced 50-60 tons of carbide per week. 

The electrodes, which in the early days of the 
industry were obtainable only in comparatively 
small sizes, could later be purchased up to 22 in. 
square and more, and an assembly of smaller 
ones was also used by some manufacturers. The 
working temperature in the furnace attained 
3,000°C., with a somewhat lower casting 
temperature. To withstand such a great 
heat the furnace, which iB constructed of 
steel frame-work and plates, has to be lined with 
some refractory material, preferably as inert as 
possible towards the elements of the charge, 
and, where the heat is most intense, cooling 
tubes may be built into the lining. It is 
necessary also to insulate the electrodes to 
prevent short circuiting through the furnace 
construction, as also to make a gas-tight joint 
where the closed form of furnace is employed. 

Considerable progress has been made in attain- 
ing size and efficiency by the use of multi- 
phase current, which has resulted in advantage 
not only to the carbide industry but also in the 
manufacture of ferrosilicon and other ferro- 
alloys. According to Helfenstein and Taussig 
(Seventh Congress of Applied Chemistry), the 
largest power consumption possible with a 
built-up electrode amounts to 2,500-3,000 kw., 
the current being 30,000-40,000 amperes at 
75-95 volts at the electrode. In a three-phase 
furnace — the only type formerly used for large 
units — this means a total power consumption 
of from 7,500 to 9,000 kw., or 10,000 to 12,000 
h.p. In the manufacture of carbide a further 
step has been taken in the construction of double 
three-phase furnaces, in which — in the same 
hearth — six instead of three electrodes are 
employed, connected to two separate three-phase 
units ; the power required being from 15,000 
to 18,000 kw., corresponding to a production 
of from 80 to 110 tons of carbide in 24 hours. 
In this modification there is no increase in 
loading, but it is interesting as showing that the 
power capacity so attainable is unlimited, where- 
as any attempt to increase the power of con- 
sumption beyond 2,500 or 3,000 kw. per elec- 
trode as found to be impracticable unless 
the furnace is operated by entirely special 
methods, as in the Miguet furnace (v. infra). 

In open furnaces the heat, due to the burning 
of the gaseous products of the reaction, is so 
great that even with less than 3,000 kw. per 
electrode special protection against the heat has 
to be provided both for the workers and the 
electrical plant. Simultaneously the gases 
evolved become a serious nuisance in open car- 
bide furnaces, and smoke is developed dis- 
proportionately as the power is increased, for 
which reason it is not advisable to exceed 
3,000 kw, per electrode. Another obstacle to 
the use of higher concentration of power is tho 
difficulty of satisfactorily charging the raw 
materials into the furnace so as to keep the 
electrodes uniformly covered, any undue 
exposure leading to fuming or distillation of 
I material due to overheating. 

I As the capacity of the furnace is increased the 
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utilisation of the gases produced by the reaction 
becomes of greater economic momerit. In- the 
carbide furnace 70-85% of the gases is carbon 
monoxide, with carbon dioxide and water aa 
the sole impurities, and these are easily remov- 
able m practice Furnaces are now designed 
entirely closed in, so that evolved gas can be 
utilised for heating purposes, and by so doing 
smoke nuisance and excessive radiation of heat 
are avoided. 

The type of furnace as covered by Helfen- 
stein’s patents illustrates the main features of 
interest in connection with mechanical charging 
and other general problems of managementof the 
electrical furnace for the manufacture of carbide. 
Fig. 5 shows an elevation and section of an 
8,000-1 0,000 kw. single three phase furnace 
About 8-10 m. above the bottom plate is a 
charging floor, where the raw material is 
brought to the charging apparatus at regular 



intervals, asf in blast furnace plants, by tipping 
waggons. The charging arrangements consist of 
a large mixing chamber, which can be closed 
gas tight, communicating with the body of the 
furnace, through which tho central hanging 
electrode, of 3,000-4,000 kg. weight, passes, 
being thus surrounded on all sides by the 
mixture. As the material is used, in the process 
the mixing reservoir, which has a capacity of 
from 5,000 to 7,000 kg , is fed continuously 
through large pipes from the charging floor 
above. Wide slits provided with gas tight covers 
are made in the top of the furnace proper, near 
the mouth of the reservoir, for observation and 
control of the process. 

When no more profitable use of the waste 
gases is available, their immediate appheation in 
preheating the charge can he earned out as 
illustrated m Fig. 5. It is seen that in the upper 
part of the hearth there is a gas filled comer 



space bounded by the naturally sloped surface 
of the raw materials; by blowing or sucking! 
air in at the nozzles, as indicated in the figure, 
this space is converted into a combustion 
chamber, the gases burning in contact with the 
mixture of material in the hearth. In another 
Austrian modification the furnace is provided 
with charging vessels in the form of shafts similar 
in design to Helfen3tein’e, but with a branch for 
taking off the waste gases. 

The works of the A.-G. fur Stickstoffdunger 
near Cologne, described by Allmand and 
Williams {J.S.C.1. 1919.38, 304R), were capable 
of producing 200 tons of carbide a day, the 
power being obtained from five three-phase 
turbo-generators of 11,250 kw. each, and three 
smaller ones capable of supplying power and 
current for seven furnaces. 

Most of the calcium carbide of Europe is now 
manufactured from hydro-electric power in 
Norway and Sweden. The process is described 


in “ Die Industrie des Kalziumkarbides,” by 
Rudolf Taussig, Wien, Verlag von Wilhelm 
Knapp, Halle, 1930. 

Two typeB of furnace are m use, depending 
upon whether one phase or three phase current 
19 employed The three phase furnace is 
generally elliptical in shape with axes of 4-2 m 
by 8 m. and 3 7 m. deep, and is similar in other 
respects to the arrangement already illustrated 
in Fig. 5. . . 

The latest type given by Taussig is a one- 
phase furnace designed by Miguet. 

The working mode is considerably changed 
from the types previously in use. Miguet 
passes the current through the permanent 
electrode in which the Bkin effect is exploited only 
in the outer layer and from there through the 
mixed charge composed of different conducting 
layers to the ground electrode. The charge 
consists of good conducting lime, coke, or 
anthracite mixture, and (in cold condition) bad 
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conducting lime. The current passes through 
the coke mixture in the direction of the furnace 
wail and thence spreads round the whole charge 
between the electrode and furnace wall. Under 
the electrode collects a clean finished melt of 
carbide which is tapped at regular moderate 
intervals, leaving the residual lime roughly 
distributed around the electrode while at the 
same time the coal mixture is charged into 
the furnace. The lime conducts well in the 
neighbourhood of the high heat of the electrode, 
as also the coke mixtures occurring near the 
furnace wall, the combined effect of which is to 
give a uniform action between the ingredients 
of the charge throughout the furnace. 

The Miguet furnace possesses a circular out- 
line which, for the emplacement of the trans- 
former below the furnace is advantageous, and 
the arrangement is in fact of profound signifi- 
cance for the whole construction of the furnace. 
It allows the main cables to be carried near the 
electro-phase alloys so that the unalloyed leads 
are very short and consequently the subdivided 
leads of the furnace. Moreover, the circular 
section of the furnace permits of a regular 
distribution of the leads around the furnace 
and secures a particularly favourable per- 
formance in which only 10,000 to 15,000 amperes 
are required. For details of the furnace see 
Taussig, “ Die Industrie des Kalziumkarbidea,” 
Wien, 1930. 

The subsequent treatment of the carbide 
requires special machinery, according to whether 
the material is to be used for the preparation of 
acetylene or for the manufacture of cyanamide. 
In the former case the clean ingots are broken 
into large blocks and fed into jaw crushers, from 
whence it is passed for granulation through slow- 
moving rolls, the object being to attain the 
desired state of division with a minimum pro- 
duction of dust. The crushed material is 
sized on drums or rotary screens, which deliver 
the product in sizes varying from large lumps 
8 by 4 in., for the manufacture of acetylene 
on a large' scale, to 15-30 mesh size for auto- 
mobile lamps, etc. A sheet-iron plant, where 
steel drums and air-tight _eans are manu- 
factured for storing and transport of the 
carbide, is a necessary part of every works. The 
standard packages are 100, 110, 200j 220 lb.net 
weight of carbide, and small tins from 1 to 25 lb. 
for lamps. 

Tho largest use of calcium carbide is for 
making acetylene, but the cyanamide ( q.v .) 
industry is dependent on calcium carbide for its 
manufacture. For this purpose it is necessary 
to reduce the material to a fine state of division 
and to prevent oxidation and explosion this 
operation is usually performed in an atmosphere 
of nitrogen. 

The manufacture of calcium carbide at prices 
prevailing in normal times depends upon the 
supply of cheap electric power. Norway and 
Sweden, having abundance of water-power and 
deposits of suitable limestone, have long been the 
largest producers of carbide. According to 
C. Bingham (J.S.C.I. 1918, 37, 85R), the pro- 
duction of a ton of carbide requires 4,250 units 
of electric power; this figure includes not only 
tho current required for the furnaces them- 


selves but that absorbed by transformers and 
leads, as also that consumed by motors to 
drive crushers, elevators, .pumps and drum- 
making plant. 

Calcium Cyanamide, CaCN 2 .- — When cal- 
cium carbide is heated to 1,100° it decomposes 
into calcium and carbon, and this elemental 
decomposition it was thought formed the first 
stage in the formation of calcium cyanamide 
(v. infra). The calcium forms nitride with 
nitrogen, which combines with the carbon to 
give calcium cyanamide (Z. anorg. Chem. 1905, 
46, 1358). 

The nitrogen required for the production of 
calcium cyanamide, “ nitrolim,” from calcium 
carbide for manurial purposes, is obtained from 
the air by the Linde Company’s plant, which 
produces both nitrogen and oxygen. The union 
of powdered calcium carbide and nitrogen takes 
place with the evolution of heat; hence the 
temperature has to be maintained between 800“ 
and 1,000°, as at higher temperatures the 
calcium cyanamide decomposes. The absorp- 
tion occupies 30 to 40 hours, and the product is a 
coke-like material which is ground to powder 
before being placed on the market. 

Erhlich (Z. Elektrochem. 1922, 28, 529) 
shows that decomposition of calcium cyan- 
amide commences above 1,100° and is not 
determined solely by temperature. Above 1 ,200° 
calcium cyanamide sublimes, but at 1,300° a 
re-formation of calcium carbide can be deduced. 
Pure calcium cyanamide sublimes at 1,300° 
without previously melting. The dissociation 
pressure according to the equation 

CaC+N 2 ^CaCN 2 

at 1,000° is 2-5 mm., at 1,100° is 14 mm., at 
1,140° is 32 mm., at 1,190° is 73 mm. 

Franck and Bodea (Z. angew. Chem. 1931, 44, 
379) find that commercial electrolytic calcium 
exhibits a maximum in the nitrogen adsorption- 
temperature curve at about 440°, and a second 
much higher maximum at 910°, i.e. in the neigh- 
bourhood of the melting-point ; after remelting 
the metal yields only a sharp maximum at about 
460°, and after redistillation only the maximum 
at 910°. At all temperatures above and below 
the peaks the adsorption is in all cases practically 
zero. It is suggested that neither a-Ca nor 
,8-Ca reacts readily with N 2 , but that reaction 
occurs during the transition, for which the 
optimum temperature is 400°; this view is 
supported by the observed influence of Na and 
Li (present in the commercial metal) in increas- 
ing the reactivity by virtue of their favouring 
the opening up of the Ca lattice. The primary 
reaction between Ca 3 N 2 , C, and N 2 at 800- 
1,100°, yields CaC 2 , w r hich then reacts with N 2 
to form CaCN 2 ; when Ca 3 N 2 is heated with C 
in a vacuum at 900° the pressure at first rises 
and then falls to its initial value, and the 
product contains CaC 2 56-9, CaCN 2 31-1, 
P a 3 N 2 4-3%. The theory that Ca 3 N 2 is an 
intermediate product of the commercial manu- 
facture of CaCN 2 from CaC 2 is thus untenable. 
CaO and HCN react slightly at room tempera- 
ture, whilst at 350° the product contains 35% 
Ca(CN),. Pure CaCN 2 may be prepared by 
heating Ca{CN) 2 at 600° in N 2 ; by heating the 
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product with C at 1,050° in vacuum a white 
CaC, of 95% purity may be prepared, the 
impurities being only CaCN, (2-3%) and 
CaO. 

Cochet (Z. angew. Chem 1931, 44, 3G7-372), 
using the compensation balance method and 
apparatus for the investigation of heterogeneous 
reactions at high temperature, states that the 
results are obtained with greater rapidity and 
are of higher accuracy than tho'e denied 
from v.-p. measurements. Equilibrium in the 
system CaCj-N.-C-CaCN, at temperatures 
from 1,220° to 1,390° is bivanant The third 
phase, 1 1 . in addition to C and N, must be a 
solution of CaC, in CaCN,; this solution is the 
true reactant and its concentration is a deter- 
mining factor of the equilibnum. The reaction 
up to at least 1,325° is completely reversible 
and is CaCj+N,^iCaCN,+ C, but at 1,400’ 
the CaCN, decomposes with loss of Ca and 
N- 

CaCN,+C->Ca+N,+2C , 
at 1,000° the whole of the Ca present as CaCN, 
volatilises. At 1,120°-1,130° CaCN, containing 
29% N is stable, but with rise of temperature to 
1,200° the N content fails rapidly to about 21% , 
at higher temperature it falls relatively slow Iv, 
and at 1,500° is 17 5% 

Catcium Carbonate, CaCO,. occurs as a 
major constituent of the earth's crust in beds 
of limestone, chalk and marble , it a ho con 
stitutes the principal ingredient in egg shells, 
mollusc shells and coral. It is formed w hen the 
oxide or hydroside is exposed to moist air con 
taming carbon dioxide, but is not produced by 
the action of dry carbon dioxide on dry lime 
It may be obtained in the pure state by ch-soli 
ing chalk, or marble, or calcined oy stcr shells m 
hydrochloric acid, precipitating the alumina, 
oxide of iron, and earthy phosphates by- 
ammonia or milk of lime, filtering, then pre- 
cipitating the calcium by ammonium carbonate, 
washing and dry ing 

Calcium carbonate is dimorphous, crystallising 
in the hexagonal system as calcite <}V.) and in 
the rhombic system as aragonite (5 r ) 

Bragg (Proc Roy Soc. 1924.. /A), 105, 16), 
by X ray analysis, shows that the crystalline 
structure of aragonite is based on the simple 
orthorhombic lattice, the sides of which are 
4 94 A, 7 94 A, 5 72 A. The cell contains 4 mols 
of CaCO, and the symmetry is that charactens 
ing the space group Q ,s . 

When aq ( N H 4 )»CO, is added to aq. CaCI, 
the formation of rhombic as opposed to acicular 
crystals of CaCO, is favoured by low tempera 
ture, low (NHj), and high concentration of 
reactants Below 35° spheruhtic cry stals 
appear (T. Noda, J Soc. Chem Ind. Japan, 
1934, 37, 319). 

Boeke (Jahrb. Jim 1912, 1, 91) finds that 
Iceland spar fuses in CO, at 1,2S9°/I10 atm. 
without decomposing. F usion of mixed C a C O ,- 
CaO forms a eutectic of 91% CaCO,, 9% CaO 
at 1,218°, but no mixed crystals or intermediate 
product. The heating curves indicate an 
inversion of CaCO, at 970° from calcite into 
aCaC0 3 . 

Calcium carbonate, when heated to full 


redness in open vessels, is decomposed into 
carbon dioxide and lime. If the carbonate 
be ignited in a closed vessel, it fuses and 
resobdifies to a mass of marble like calcite. 
According to Becker (Jahrb Jim 18S6, I, 
Ref. 403), any form of Ca0O 3 , even at a low 
pressure, is changed on heating in a closed space 
with exclusion of air into the rhombohedral 
form w ithout fusion. The crystalline forms of 
calcium carbonate dissociate \ cry slowly below 
400° , at this temperature the dissociation 
pressures are of the order of 0 003-0 009 mm. 
At 425° aragonite is transformed into calcite 
within an hour when heated m a \acuum. 
Besides the two well known forms a third 
crystalline form, referred to as pCaCOj 
(Jlerwin and Williamson, Amcr. J. Sci 1909, 
41, 473), is obtained along wi*h labile and 
aragonite by precipitation at 60°. It has <f 2 54, 
and can be separated from calcite, rf 2 71, and 
aragonite, d 2 83, by flotation in a liquid J 2G 
If small quantities of the precipitated carbonate 
are thrown into a fused mixture of sodium 
and potassium chlorides 111 equivalent propor 
tions, no carbon dioxide is evolved, but the 
inrbonatc becomes crystalline calcite, usually m 
aggregations of crystals like snow crystals 
(Bourgeois, Bull. Soc chim. 1882, ( 11 ), 37, 447) 

The melting-point of CaC0 3 containing only 
0 38% CaO is 1,339° at 1,013 atm pressure 
(Smith and Adams, J Ainer Chem. Soc 1023, 
45. 1 167). 

The solubility of calcite and aragonite in 
water at 25°. 50% 100% determined by the direct 
method in which largesihea flasks were employed, 
w as as follows . calcite 0 01433, 0 01504, 0 01779 
g per litre, aragonite 0 01523, 0 01617,001902 
g. per litre. In contact with air containing 
3 7 CO t per 10,000 the solubility of calcite was 
0 04G03 g per litre at 25°, and 0 02925 at 50° 
(Kendall, Phil Mag. 1912, (VI). 23, 958-976). 

By treating an aqueous suspension of CaCO, 
with COj under 50 atm. pressure at lb°,HaelmeI 
(J pr Chem. 1924, [hJ. 107, 165) obtained a 
solution containing 0 303% CaC0 3 correspond 
ing with 0 637% calcium hydrogen carbonate 
Thi-, figure is higher than that found by McCoy 
and Smith (J. Amer Cheat. Soc. 3X 

46S) Both prepared call turn carbonate and 
Iceland spar gave the same result. The solu 
bility- of the CaC0 3 depends on the pressure of 
the CO, to which the mixture is subjected 
It reached the above maximum at 46 atm , not 
at 16 atm. as stated by McCoy and Smith. 

A litre of water dissolves about IS mg of 
calcium carbonate. The solution has a 
alkaline reaction. Gothe (Chem.-Ztg. 1915,39, 
305) gives the solubility of CaCO, in water 
free from CO, as being 310 mg per litre It is 
increased by the presence of chlorides, rutrates, 
and sulphates in the water, but decreased by 
alkaline carbonates, and by chlorides, nitrates* 
and sulphates of the alkaline earths, \ihen 
boiled with water CaC0 3 slowly dissociates 
with evolution of C O , This dissociation stops 
at a certain point, and is prevented if a solution 
of Ca(OH), (saturated at the ordmaiy tempera- 
ture) is added to the boiling calcium carbonate in 
water in the proportion of 15"c.c. per hire. 
Sodium carbonate (0 05 g. per litre) proven 
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dissociation (Cavazzi, Gazzetta, 1917, 47, ii, 49). 
Sevier and Lloyd (J.C.S. 1917, 111, 994) find 
that the ionic solubility product of calcium 
carbonate is [Ca]x [C0 3 l=71-9x 10 -10 , which 
gives [Ca] = 14-6X 10 -5 for a saturated solution 
CaC0 3 in pure water. In this solution the 
carbonate is hydrolysed to the extent of 6G%. 
Water containing carbonic acid dissolves 
it much more readily, forming the acid car- 
bonate CaH 2 (C0 3 ) 2 , which is known only in 
solution. Solubility at higher pressures in 
water containing carbonic acid follows the law of 
Schloesing pretty closely (Engel, Compt. rend. 
188b, 101, 949). The solubility increases under 
an increase of pressure only up to 3 g. per 
litre according to Caro. The solubility of calcite 
in water, determined at different temperatures 
by bubbling air containing 3-18 parts of C0 2 
per 10,000 until saturation occurs, expressed in 
parts of CaC0 3 per million is: at 1°, 82; 21°, 
(10 ; 22°, 57 ;2 3°, 57 ; 30°, 55 (Wells, J. Wash- 
ington Acad. Sci. 1915, 5, 617 ; cf. J. Amer. 
Chcm, Soc. 1915, 37, 1704). Cavazzi (Gazzetta, 
191(1, 46, ii, 122) finds that the maximum quan- 
tity of CaC0 3 , which after prolonged shaking 
dissolves at 0° in 1 litre of water saturated with 
C0 2 and maintained so in the presence of the 
gas at atmospheric pressure is 1-56 g. (2-5272 g. 
Ca(HCO a ) 2 ) ; at 15°, 1-1752 CaC0 3 (1-9038 
Ca(HC0 3 ) 2 ). A supersaturated solution is 
obtainable, containing 2-29 g. CaC0 3 per litre. 
This acid carbonate plays a most important 
part in nature, for whenever water containing 
carbonic acid comes in contact with carbonate or 
silicates of calcium, the calcium is gradually 
converted into this soluble form and is therefore 
found in almost all natural waters. Hence also 
the deposits in kettles and boilers ; the forma- 
tion of which may be prevented by the addition 
of ammonium chloride to the water. 

Hydrates of Calcium Carbonates . — The evapora- 
tion of natural solutions of the acid carbonate 
generally results in the deposition of the ordinary 
carbonate, forming the stalactites and stalag- 
mites of caverns, travertine, and other forms of 
deposit ; but sometimes the solution yields six- 
sided rhombic prisms of the pentahydrate, 
CaC0 3 ,5H 2 0. These crystals are often found 
in pumps and pipes leading from wells, also 
adhering to the conferva: in ponds. They keep 
unaltered under water at 20°, but at slightly 
higher temperatures lose their transparency and 
water of crystallisation. 

Krauss and Schricver (Z. anorg. Chcm. 1930, 
188, 259) state that the hexahydrate may be 
propared by adding O-lA'-sodium carbonate 
slowly to 0-1 iV-calcium chloride both at 
0°. The subsequent washing, drying and 
cxnminntion of the compound must bo carried 
out at a low temperature, since it decomposes at 
8°. From experiments on the isobaric dehydra- 
tion of the hexahydrate it is evident that a 
monohydrate also exists, and this compound 
has been prepared and examined. The mono- 
hydrate is very unstable, even when kept 
under water at 0°, and on decomposition yields 
ealcitc. Densities have been determined as 
follows: hexahydrate, dj 1-77; monohydrate, 
df 1-99. 


Hume (J.C.S. 1925, 127, 1036) investigated 
the hydrates of calcium carbonate as follows: 
A solution of sucrose 25 g, in 100 c.c. of water 
was shaken with lime and filtered, the filtrate 
being treated with carbon dioxide. After 
two or three days crystals of calcium carbonate 
hexahydrato were deposited, d 15 1-789. In 
contact with water or above 0° the hexahydrate 
slowly changes into anhydrous calcium car- 
bonate, but in the sugar-lime mixture it is 
stable below 10-4° and the anhydrous salt above 
17°. Between 10-4° and 17° the stable phase is 
pentahydrate, d 15 1-834. Between 10-4° and 
25° the hexahydrate is first precipitated from 
the sugar solution and then changes slowly 
into the form most stable at the particular 
temperature. 

Basic Carbonates of Lime . — Calcium oxido 
commences to adsorb carbon dioxide at a 
temperature of 415°, forming a basic carbonate of 
the composition 2CaO-CO„ (Birnbaum and 
Mahu, Ber. 1879, 12, 1547). 

Raoult (Compt. rend. 1881, 92, 1457) shows 
that when freshly burnt lime is heated in a 
current of carbon dioxide it glows strongly, 
forming 2Ca0-C0 2 , which does not dis- 
integrate in moist air, and does not take up 
water from steam at 200°. When finely 
powdered- and treated with a little water, it 
hardens like hydraulic cement. The hydrated 
product has the composition CaC0 3 -Ca(0H) 2 . 
On heating to dull redness, it loses water and is 
converted into a mixture of CaCO„ and 
CaO. 

When burnt lime is heated in contact with 
carbon dioxide for several days, the basic salt, 
2CaCO a -CaO, is obtained, which adsorbs 
more C0 2 , forming a third salt 3CaC0 3 -Ca0. 
The carbon dioxide continues to be adsorbed, 
however, and appears eventually to form the 
normal carbonate. 

Calcium Nitride, Ca 3 N 2 , is best obtained 
by passing dry nitrogen over metallic calcium 
contained in a metal boat and tube heated 
to bright redness. Two to three hours are 
required, and tho resulting material is fritted 
and possesses a brownish-red colour. Its fusion 
point is about 1,200°, sp.gr. 2-63 at 17°. When 
thrown into water it produces a lively effer- 
vescence, yielding ammonia and calcium 
hydroxide : 

Ca 3 N 2 +6H 2 O=30a(OH) 2 +2NH 3 

(Moissan, Ann. Chirn. Phys. 1903, [vii], 18, 289). 
The nitride heated in a current of hydrogen 
gives a compound having tho formula Ca 3 N„H 4 
(Dafert and Miklauz, Monatsh. 1913, ‘34, 
1685). 

Antropoff and Falk (Z. anorg. Chem. 1930, 
187, 405) investigated the system calcium- 
calcium nitride by the determination of cooling 
curves in an atmosphere of argon. The eutectic 
mixture corresponds with 3-4% of nitride, 
but^tho cooling curve shows halts at 780° and 
809°^ The melting-point of calcium nitride is 
1,195 +1°. The heat of formation of calcium 
nitride obtained by Guntz is 113,250 g.-cal.; 
Frank and Bodea obtained 102-6±1° kg.-cal. 
by direct formation of Ca 3 N 2 (95-98-2%) in a 
bomb calorimeter. 



222 


CALCIUM. 


By heating the amide in a high vacuum the 
pernitride Ca 3 N 4 has been obtained as a 
reddish-brown powder, probably mixed with the 
corresponding lmide. It dissolves slowly in 
H,0 or dilute HCI with formation of N H 3 and 
Nj The X-ray spectra contain, besides the 
imide lines, new lines which cannot be measured 
owing to a cloudiness which is apparently 
always found when the pernitride is present. 
Ba 3 Nj is probably similarly formed (H. Hart- 
mann, H. J. Frohlich, and F. Ebert, Z. anorg 
Chem. 1934, 218, 181) 

Calcium Azide, Ca(N s ) t , may be obtained 
by treating calcium hydroxide solution with the 
aqueous acid or by warming ammonium azide 
with excess of calcium hydroxide. The excess 
of Ca(OH), is precipitated with carbon 
dioxide and the filtered solution concentrated 
Calcium azide forms colourless rhombic prisms 
(Curtius and Rissom, J. pr Chem. 1898, (ii), 
58, 261), is not affected by hammering, but 
explodes on throwing on to a heated metal 
plate or by heating to 144°~156°. The dthydra- 
ztnate, Ca(N s ) 2 ,2N 2 H 4 , may be prepared by 
ciystalhsation of Ca(N a ) 2 from anhydrous 
hydrazine 

Calcium Ammonium, Ca(NH a ) 4 , is formed 
when a current of dry ammonia gas is passed 
over metallic calcium, maintained at a tempera- 
ture of 1&° to 20°. It possesses a brownish red 
colour, and takes fire when exposed to air (Bdtz 
and Hut tig, Z anorg. Chem 1920, 11 4, 241) 

Botolfsen (Ann Chim. 1922, [ix], 18, 5) shows 
that its formation may take place at —15° to 
+30® (e/. Moissan) , at the higher temperature, 
pressure is required, and if the calcium employed 
contains sodium as impurity, the product is 
pasty rather than crystalline. On being heated 
at about 34° under reduced pressure the sub- 
stance decomposes explosively , the temperature 
at which this occurs depends on the pressure 

Calcium Amide, Ca(NH 2 ) 2 — Calcium am- 
monium slowly decomposes forming transparent 
crystal 9 of calcium amide, hydrogen and 
ammonia being evolved. 

Guntz and Benoit (Ann. Chim 1923, [ix], 20, 5) 
state that while the amides and lmides of 
barium are obtained by the direct action of the 
metal on ammonia, those of calcium and 
strontium are only obtainable indirectly and 
with some difficulty by decomposition of the 
corresponding metallic ammonium (see also Kraus 
and Hurd, J. Amer. Chem. Soc. 1923, 45, 2559) 

Calci um Imide, CaNH, is formed by passing 
equal volumes of’ hydrogen and nitrogen over 
heated calcium. It has not been obtained pure 
(Dafert and Miklauz, l.c ). 

By heating the alkahne-earth amides, 
M(NHj) 2 , at approx. 400°, without removing 
the gases formed, the lmides M N H are obtained 
as yellow, cubic, face-centred crystals X ray 
data are given (Hartmann, Frohlich, and Ebert, 
fe.). 

Calcium Nitrite, Ca(N0 2 ) 2 ,H 2 0, is pre- 
pared by decomposing a boiling solution of 
silver nitrite with lime water, treating the filtrate 
with sulphuretted hydrogen and carbon dioxide 
to remove the silver and excess of calcium, and 
evaporating at a gentle heat. It Crystallises in 
deliquescent prisms insoluble in alcohol. 


Calcjum Nitrate. — The hydrate, 
Ca(N0 3 ) 2 ,4H 2 0, 

m.p. 42-4° (Pickering), 42-7° (Richards), 42 89“+ 
0 03° (d’Ans and Siegler), occurs as a sfliiy 
efflorescence in limestone caverns, especially 
those of Kentucky, also on the walls of places 
where there 13 much organic refuse. It is found 
in many well waters, being derived from the 
soil. It is extremely deliquescent and soluble, 
and causes rapid disintegration of mortar, and 
hence is called “ saltpetre rot.” It may be 
prepared hy dissolving the carbonate in mtnc 
acid, on slow evaporation of the solution the 
hydrated salt is deposited in monochnic *« 
sided prisms terminated by acute pyramids 
With alcohol it forms the compound 
Ca(NO a ) 2 ,2C 2 H s OH 

(d'Ans and Siegler, Z. physikal Chem. 191J, 
82, 41). The hydrate w also soluble in atcohoL 
On evaporating the aqueous solution to dryness 
the anhydrous salt of ep gr. 2-472 is obtained, 
possessing a warm, bitter taste and readily 
soluble m water and alcohol On heating, 
more strongly, it becomes phosphorescent, as 
noticed by Baldwin in 1674, and hence is termed 
Baldwin's phosphorus At a higher tempera- 
ture, oxygen and nitric peroxide are evolved 
and with combustible bodies detonation occurs 
The melting-point of Ca(NO a ). is 501“ 
(CameUy). The eutectic point for the system 
Ca(N0j) 2 -KN0 s -NaN0 3 is 175°. The 
compound Ca(N0 3 ),,4C0(NH,) 2 is formed 
when Ca(N0 3 ) 2 and carbamide are mixed 
together with a small quantity of water and 
dned, or when a suitable proportion of carba- 
mide is added to a melt of the hydrated nitrate. 
The double compound is easily soluble in water 
(U S P 1369383, Bosch). 

Nitrogen peroxide reacts with calcium oxide 
at all temperatures up to 400°, giving primarily 
calcium nitrite and nitrate Secondary' re 
actions occur at higher temperatures Above 
230” calcium nitrite decomposes : 

Ca(N0 2 ) 2 =Ca0+N0+N0 2 ; 
and in the presence of nitrogen peroxide 
undergoes oxidation at lower temperatures in 
the following ways : 

Ca(N0 2 ) 2 +2N0 2 =Ca(N0 3 ) 2 +2N0, . 

Ca ( N 0 2 ) 2 + N 0 2 -> Ca ( N 0 4 ) 2 + 0 5 N 2 at 450”. 

The molecular proportions in which the 
products of decomposition are formed » 
represented by the equation 
12 02 Ca(NO s ) 2 -> „ , 

7 68 CaO+4 34 Ca(NO s ) 2 +14 40 NO+N, 
nitrogen and nitric oxide alone being evolved 
Above 480° nitrogen peroxide is in addition given 
off, and at 495° calcium nitrate begins to 
decompose. Calcium nitrite is not oxidised by 
oxygen below its decomposition point except in 
the presence of nitrogen peroxide. The existence 
of the compound Ca(N0,) 2 ,4H 2 0 was con- 
firmed (Partington and Williams, J.C.S. l“-’» 
125, 947). .. „ 

The action of liquid and gaseous nitroge 
peroxide at temperatures between I5°snd4A r , 
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and for periods between 5 and 624 hours on 
calcium carbonate and oxide, and that of 
nitric oxide on these substances at 400°, have 
been studied by Briner, Lugrin, and Monnier 
(Helv. Chim. Acta, 1930, 13, 64-75). Both in 
the liquid and gaseous state dry nitrogen 
peroxide reacts with calcium carbonate accord- 
ing to the equation 

CaC0 3 +3N0 2 

= Ca(N0 3 ) 2 +C0 2 +N0+27 kg.-cal. 

The amount of nitrogen peroxide adsorbed is 
proportional to the time of contact, and the 
rate of adsorption increases rapidly with rise of 
temperature. With lime both nitrate and nitrite 
are formed with the liberation of nitric oxide, 
but the adsorption is irregular by reason of the 
pasty nature of the product. At 400° nitric 
oxide does not react with calcium carbonate and 
is decomposed only to a very slight extent by 
lime. Under conditions in which the solid may 
be stirred, nitrogen peroxide in 10% concentra- 
tion in air is better adsorbed by calcium carbon- 
ate than by lime. The use of calcium carbonate 
in the recovery of nitrous gases is suggested. 

The hydrate of calcium nitrate is extensively 
prepared on the Continent for the manufacture 
of nitre by mixing vegetable and animal refuse 
with chalk, marl, cinders, etc., moistening from 
time to time with liquid stable manure, and 
exposing to the air for two or three years, when 
the mass is lixiviated and the crude nitrate of 
calcium decomposed by carbonate, sulphate, or 
chloride of potassium. Large quantities of 
calcium nitrate are now produced by the Haber 
process. 

Calcium Phosphide, Ca 3 P 2 .— Moissan 
(Compt. rend. 1899, 128, 787) obtained calcium 
phosphide as an amorphous product from pure 
crystallised calcium and red phosphorus. The 
two bodies were placed apart in a tube which 
was exhausted and tho phosphorus was gently 
heated. The vapours evolved combined with the 
calcium with incandescence. He also obtained 
it in a brownish-red crystalline form by reduction 
of pure calcium phosphate with carbon in an 
electric furnace, using 310 parts and 96 parts 
respectively of tho ingredients and a current 
of 950 amperes and 45 volts. It melts with 
difficulty except in the electric furnace, and has 
a sp. gr. 2-51 at 15°. The crystalline phosphide 
is decomposed slowly by cold water liberating 
hydrogen phosphide which is not spontaneously 
inflammable. 

An impuro calcium phosphide which is decom- 
posed by water evolving the spontaneously 
inflammable mixture of liquid and gaseous 
hydrogen phosphides is utilised for the produc- 
tion of signal fires at sea. The manufacture is 
carried out in large crucibles divided by a false 
perforated bottom into two compartments, in the 
upper of which tho pieces of lime are raised to a 
red heat, the phosphorus placed in the lower com- 
partment being afterwards volatilised by the heat 
radiated from above. In about 6 hours’ a charge, 
yielding 20 lb. of product, is finished. The brown 
stony mass is immediately worked up into the 
“ lights.” These consist of cylindrical tinned- 
iron boxes, the lower half of which is filled with 
about 6 oz. of the fragments of phosphide. 
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Two small circular portions of the upper and 
under surfaces of metal are formed of soft lead, 
so that they may be pierced by a knife just 
before being thrown overboard. The tins are 
supported by a wooden float when in use. The 
water enters below and the gas issues from the 
upper outlet, burning with a flame 9 to 18 in. 
high, lasting about half an hour. Larger but 
similar “ lights ” are prepared to be placed in a 
bucket of water on dej;k. 

Calcium Phosphite, CaHP0 3 ,ri 2 0, 
separates as a crystalline crust from a solution 
of . the ammonium salt mixed with calcium 
chloride. It is sparingly soluble in cold water, 
and the solution decomposes when heated 
depositing a basic salt. It gives off its w’ater at 
100°. It is a white crystalline powder, which, 
on heating, evolves spontaneously inflammable 
pnosphoretted hydrogen, accompanied by slight 
detonations. At a higher temperature it 
becomes incandescent, and leaves a residue of 
calcium phosphate. 

An acid, phosphite, CaH 4 (P0 3 ) 2 ,H 2 0, is ob- 
tained as a crystalline crust by acting upon 
marble with aqueous phosphorous acid as long 
as carbon dioxide escapes. The crust consists 
of needle-shaped crystals soluble in water, and 
losing their water at 100°. 

Calcium Hypophosphite, 

Ca(PO z H 2 ) 2 or CaH 4 (P0 2 ) 2 , 

is prepared by boiling phosphorus with milk of 
lime : 

3Ca(0H) s +2P 4 + 6H 2 0 

— 2PH 3 +3CaH 4 (P0 2 ) 2 

On evaporation the hypophosphite iB obtained 
in monoclinic flexible prisms insoluble in 
alcohol. When heated it evolves phosphoretted 
hydrogen and water, leaving calcium pyro- 
phosphate. It has therapeutic properties. 

Monocalcium Phosphate, CaH 4 (P0 4 ) 2 . 
Bassett (Z. anorg. Chem. 1907, 53, 55) obtained 
the anhydrous salt in long shining prisms by 
digesting CaC0 3 with concentrated H 3 P0 4 
in an air bath for 61 hours followed by filtration 
on a Bucknell funnel washing with acetone and 
ether. 

The mono hydrate is obtained in rhombic 
tables by dissolving the monophosphate in 
phosphoric acid and allowing the solution to 
evaporate spontaneously. It has a strong acid 
reaction, deliquesces in air, dissolves readily in 
water with decomposition, and crystallises in 
triclinic pinacoidal prisms (Groth, “Chemische 
Krystallographie,” II, p. 830; Leipzig, 1908). 

The hydrate fuses on heating, giving up its 
water, and at 200° it .parts with the elements of 
water, leaving a mixture of calcium pyro- 
phosphate and metaphosphoric acid : 

2CaH 4 (P0 4 ) 2 =Ca 2 P 2 0 7 +2HP0 3 +3H 2 0 

When the mixture is heated to a still higher 
temperature, pure calcium metaphosphate 
remains (Spring, Bull. Soc. chim. Belg. 1907, 21, 
91). 

Superphosphate of Lime is a mixture of 
monocalcium phosphate and calcium sulphate, 
which is manufactured as a manure. It is 
prepared by acting on bone-ash, rock phosphate, 
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phosphorites, or other mineral phosphates frith 
two thirds weight of sulphuric acid : 

Cai(P0 1 ).+ 2H,S0 4 

=CaH 1 (P0 1 ) J +2CaS0 1 

Besides its use as a manure for root crops it is 
used also m the manufacture of phosphorus. 

On dissolving increasing quantities of mono- 
calcium phosphate in a given weight of water at 
a constant temperature the amount of free 
phosphoric acid continually increases, and 
tends towards a limit m accordance with the 
equation 
2CaH.(PO.), 

^CaH l (P0 4 ) 1 +CaHP0 4 +H J PO t 

In superphosphate the dicalcium phosphate is 
6eldom present unless excess of acid has been 
used. Alta considers that reaction does not 
take place according to Kolbe’s view, in two 
stage*, but is more correctly represented by the 
equation . 

5Ca,(P0 4 ) s +11 H t SO. 

=4Ca H 4 ( P0 4 ) t + 2HjPO t + II CaS0 4 . 
With n«e of temperature there is found free 
phosphoric acid and dicalcium phosphate which 
gradually interact to form the monocaleium 
phosphate (Annali Chem. Appl. 1918, 10, 95). 

Monocaleium phosphate is used as a basis of 
organophosphors (E. Tiede and H Chomse, 
Ber. 1935,68, [B], 146) Weighed quantities of 
Ca(H t P0 4 )j,Hj0 and the organic compound 
are intimately mixed in a porcelain mortar and 
heated at about 250’ on Pt foil or porcelain 
until the mass has become plastic The phos- 
phate is thereby converted mto a mixture of 
Ca(PO s ) t and Ca 2 P 2 0, Luminous prepara- 
tions are obtained with uramn, pheuanthra- 
quinone, and the three carboxylic acids: — 
si C.H.lCOjH),, CgHjiCOjH),, 
C»H 2 {COjH) 4 ; 

poor results with 1-bydroxynaphthoic acid, and 
negative results with salicylic acid and anthra 
cene. Small amounts of metals (Cu, Bi, Mn) 
do not induce l umin escence 

Dicalcium Orthophosphate, Ca 2 H 2 (P0 4 ) 2 — 
An aqueous solution of phosphoric acid acts on 
precipitated chalk, forming small needle shaped 
crystals of dicalcium phosphate. Dried at 100°, 
the salt contains 5H t O, which it does not 
lose below 115°. It is soluble in ammonium 
citrate, and in boiling aqueous solution it is 
partially decomposed mto tncalcium phosphate. 

On mixing boding solutions of sodium 
phosphate, calcium chloride, and acetic acid, 
Ca 2 H 2 (P0 4 ) 2 ,Hj0 is formed ; if the solutions 
are mixed in the cold, Ca 2 H 2 {P0 4 ) 2 .5Hj0 is 
the'product (Millot, Bull. Soc. chim. 1880, [u], 
S3, 194). The pentahydrate is also formed (Joly 
and Sore), Compt. rend. 1894, 118, 741) when 
cold saturated solutions of sodium phosphate 
and calcium chloride are mixed in the presence 
of h) droehlonc acid. 

When solutions of calcium chlonde and 
ordinary sodium phosphate are mixed, a white 
crystalline precipitate of Ca 2 H 2 (PO 4 ) 2 ,4H 2 0 
is thrown down. It is this salt which is 


occasionally deposited from wine in stellar 
aggregates According to Becquerel and Ber- 
zebus, a tnh\ drate may also be obtained 

Calcium Orthophosphate, Ca s (P0 4 ) 2 , occurs 
pure in the mineral osteolite, and as 
Ca 3 (P0 4 ) 2 ,2H 2 0 in omithite. Combined 
with calcium fluoride or chloride, it occur in 
nature as apatite (g r.}. Apatite is phosphorescent 
when heated, especially after exposure to radium 

Calcium phosphate also forms a principal 
constituent of the coprolites frequently found m 
extensive beds in the stratified rocks, and this 
forms the chief source of the rock phosphate of 
commerce. It forms about 80% of the inorganic 
material of bones. 

It is obtained in the amorphous state by pre- 
cipitating an ammomacal solution of calcium 
chlonde with excess of hydrogen disodmm 
phosphate. The precipitate 13 gelatinous, but 
dries to a white earthy powder, nearly insoluble 
in water, but decomposed by long boiling into 
an insoluble basic salt of the composition, 
Caj(P0 4 ) 2 -Ca 2 (P0 4 )0H, and a soluble and 
salt This reaction also occurs slowly in the 
cold Calcium phosphate is also soluble in 
water containing carbonic acid (1 part in 1,789 
parts of water saturated with carbon dioxide), 
ammonium salts, sodium nitrate, sodium 
chlonde, and other salts Its adsorption by the 
roots of plants is therefore promoted by the 
agency of saline solutions. 

Bassett (J C S. 1917, 111, 620) has shown that 
onJy two phosphates more basic than dicalcium 
phosphate exist these are tncalcium phosphate, 
CajP 2 Og, and hydroxy apatite, 

(Ca s P 1 O i ) J ,Ca(OH) 2 . 

The latter is the only Btable solid phase overs 
range of acidity of great practical importance, 
as it can exist m faintly acid, neutral, or 
alkaline solutions. It is probable that this 
compound is the only calcium phosphate that 
can permanently exist under normal soil con- 
ditions. Bone phosphate is considered to be a 
mixture of hydroxyapatite and calcium carbon- 
ate, with small amounts of adsorbed bicarbonates 
of sodium, potassium, and magnesium. 

Danneel and Frohhch (Z. anoig Chem. 1930, 
188, 14) suggest that the wide variation of the 
figures given in the literature for the solubility 
of tncalcium phosphate in water is largely due 
to the fact that a substance having the com- 
position Ca 3 P 2 O g has hitherto seldom been 
obtained. Specimens in which the ratio 
Ca . P varied between 2 99 and 3 01 have been 
prepared by precipitating solutions of mono- 
calcium phosphate with dilute ammonia, and the 
result of shaking these with water has been 
investigated. Equihbnum is established m 
less than 8 hours. Wanngton’s statement that 
the compositionof the solution is a function of the 
relative amounts of solid and water has been 
confirmed. Calcium and phosphoric acid M* 
not necessarily present in the solution in stoichio- 
metric proportions. With very little water the 
CaO/P 2 O s ratio is 1 : 1 ; with 5 litres per g 
of solid it is 2:1; and with 19 litres per g 
2 53 1, which last named ratio is not change 
by further dilution. It is considered probab e 
that water decomposes tricalcium phosphate in 
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tctracalcium phosphate, a salt Ca 5 H 2 (P 2 O g ) 2 , .contact of 35 days. In the presence of traces 
and monocalcium phosphate, and that these form of water the action is represented by 


a solid solution. 

Calcium orthophosphate may be obtained in 
the crystalline form by heating dicalcium 
pyrophosphate with water, whereby it is 
resolved into phosphoric acid and tricalcium 
phosphate, which separates in rectangular 
plates: 

3Ca 2 P 2 0 7 +3H 2 0=2Ca 3 (P0 4 ) 2 +2H 3 P0 4 

Tricalcium phosphate is not decomposed by 
ignition. It is not reduced by CO, but H 
reduces it at 1,300° to a mixture of CaO and 
phosphorus. Carbon begins to reduce it at 
1,400°. It is not decomposed by silica in an 
inert atmosphere, but chemical combination 
occurs at 1,150°, and the product is completely 
reducible by carbon. The compound has the 
composition 3Ca0,3Si0 2 ,P 2 0 s , and is indi- 
cated by a strong maximum on the freezing- 
point curve of the system calcium phosphate- 
calcium silicate. 

Briner and Monnior (Helv. Chim. Acta, 1930, 
13, 80) show that no reaction occurs between 
calcium phosphate and sulphur dioxide at the 
ordinary temperature, but at higher tempera- 
tures a reaction, represented by the equation 

2Ca 3 (P0 4 ) 2 +3S0 2 

= 2CctS0 4 -|- 2Ca 2 P 2 0 7 -)-S 

occurs. 

Thilo (Z. physikal. Chem. 1930, 148, 361) 
states that when a suspension of calcium 
phosphate is dissolved in sulphurous acid the 
following equilibrium is set up : 

Ca(H 2 P0 4 ) 2 +nCa(HS0 3 ) 2 

^2CaH P0 4 + (n+1 )S0 2 +(n— 1 )CaS0 3 

+ (»+1)H 2 0, 

in which n depends on the ratio CaO/P 2 O s 
in the original suspension. By removing the 
sulphur dioxide with a current of nitrogen at the 
ordinary temperature a precipitate consisting 
of dicalcium phosphate and calcium sulphite is 
obtained. Contrary to the findings of Mebane, 
Dobbins, and Cameron (J. physical Chem. 1929, 
33, 961), the phosphoric acid is always present as 
the dicalcium salt, whatever be the initial ratio 
of acid to lime. The proportion of calcium 
sulphite to dicalcium phosphate depends on the 
ratio CaO/PjOj in the suspension, as much 
calcium as possiblo being precipitated as 
phosphate and the remainder as normal 
sulphite. The composition of the precipitate is 
independent of the duration of the experiment, 
the velocity of the nitrogen stream or the con- 
centration of the solution. The rate of evolution 
of sulphur dioxide decreases rapidly to a 
minimum, and the formation of the precipitate 
begins immediately before this minimum is 
reached. Afterwards, the rate of evolution 
increases to a maximum and then slowly de- 
creases, indicating that the reaction is auto- 
catalytically accelerated by the precipitate. 

Briner and Lugrin (Helv. Chim. Acta, 1930, 
13, 76) find that neither liquid nor gaseous 
nitrogen peroxide has appreciable action on 
dry calcium phosphate, even with periods of 


3N0 2 +Ca 3 (P0 4 ) 2 +H 2 0 

= Ca ( N 0 3 ) 2 + 2Ca H P0 4 + N O, 

and, with greater amounts of water, by 
6N0 2 +Ca 3 (P0 4 ) 2 +2H 2 0 

= CaH 4 (P0 4 ) 2 +2Ca(N0 3 ) 2 -f2N0. 


No nitrite is formed in either case, any nitrous 
acid formed either decomposing to give nitric 
acid, 3HN0 2 =HN0 3 +H 2 0+2N0, or being 
oxidised by the nitrogen peroxide, 

H N 0 2 + N 0 2 = H N 0 3 + N O. 

Colloidal calcium phosphate may be prepared 
by adding slowly with continuous shaking a hot 
normal solution of sodium phosphate to an 
equal volume of normal solution of CaCI 2 
containing a definite amount of protective 
colloid such as gum arabic or gelatin (de Toni, 
Kolloid-Z. 1921, 28, 145). 

Colloidal calcium phosphate with calcium 
carbonate has been prepared by mixing sodium 
phosphate, sodium carbonate and calcium 
chloride solutions in aqueous gelatin solution at 
95°. The ratio of the two salts can vary greatly 
(Stella, Kolloid-Z. 1927, 43, 21). 

Dieckman and Houdremont (Z. anorg. Chem. 
1921, 120, 129) give the melting-point of tri- 
calcium phosphate as 1,670°. Oxyapatite, 
3(Ca 3 P 2 O e ),CaO, m.p. 1,540°, d 2-99, is formed 
by heating tricalcium phosphate with calcium 
carbonate, the formation being complete at 
about 1,450°. By melting oxyapatite with cal- 
cium pyrophosphate a very soluble tricalcium 
phosphate is obtained. The solubility of tri- 
calcium phosphate in 2% citric acid was found 
to be affected by the temperature to which 
it was heated. Starting at 94-6% it fell to 
60% at 540°, and then rose steadily to 96-2% 
at the melting-point. Oxyapatite has a 
solubility of 55% in citric acid. 

M. A. Bredig, H. H. Franck, and H. Fiildner 
(Z. Elektrochem. 1933, 39, 959-969 ; cf. 1932, A. 
469) have prepared mixed apatites containing 
the following bivalent groups in place of F : 
ai 2 o 4 , Fe 2 0 4 , and CaCN 2 . Carbonate- 
mixed-apatite has been characterised by its 
X-radiogram, and most naturally occurring Ca 
phosphates consist of it. The materials of 
bones and teeth are hydroxyoxyapatites. The 
transformation of the two forms of Ca 3 P 2 O g is 
very sensitive to CaO and H 2 0, and this is 
explained on the basis of stability of hydroxy- 
oxyapatites. 

Tetracalcium Phosphate . — Phosphorus in basic 
slag is present as tetracalcium phosphate, 
4Ca0,P 2 O 5 ; less basic phosphates are reduced 
by molten iron, forming iron phosphide, Fe 3 P 
(LaMetallurgia, 1912,9,28). 4CaO,P 2 O s ,m.p. 
1,630°, has a high solubility in citric acid, "but if 
heated for some time at 1,000° it falls to 25%. 

Calcium Pyrophosphate, Ca 2 P 2 0 7 , is prepared 
by the action of aqueous pyrophosphoric acid 
upon lime water, orsodium pyrophosphate upon 
calcium chloride. If the precipitate thus ob- 
tained is dissolved in sulphurous acid and the 
solution heated, the salt separates as a crystalline 
crust. The crystals contain four molecules of 
water. 
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Caktum Meta phosphates — The monosalt 
Ca(P0 2 ) 2 is obtained by dissolving calcium 
carbonate m orthophosphonc acid, evaporating, 
a nd beat mg the res idue to 3 1 6’. It is an insoluble 
white powder 

The dimetaphosphate Ca,(P0j) 4 ,4H 2 O is 
obtained pure in the crystalline form by pre- 
cipitating the corresponding alkali salt with 
excess of calcium chloride It is insoluble in 
water, but is decomposed by strong sulphuric 
acid. A double dimetaphosphate of calcium 
and ammonium, 

Ca ( N H 4 ) 2 { PO s ) 4 ,2 N t O, 
is obtained in spicular crystals by mixing a 
solution of calcium chloride with excess of the 
ammonium salt. It is insoluble in water 
Phosphato-chlorldes of Calcium are ob 
tamed by evaporating solutions of tricalcium 
phosphate in hydrochloric acid A saturated 
solution, on spontaneous evaporation, deposits 
rhomboidal plates of 

7CaH 4 (P0 4 ) t 'CaC) 2 ,t4H 2 0 


found to contain fine white prisms of the tn 
calcium orthoarsenate, Ca s (As0 4 ) 2 . msoluMe 
in acids. The meta arsenate, CafAsOj),. u 
formed as an insoluble crystalline powder whe D 
mixtures of arsemous anhydride and calciuci 
carbonate are ignited. 

According to R. H. Robinson (J. Agnc. Rn. 
1918, 13, 281), pure calcium hydrogen arsenate 
(CaH As0 4 ,H 2 0) may he prepared by pouring 
an acidified solution of calcium chloride into sn 
acidified solution of sodium hydrogen arsenate 
It forms a heavy \ olummous precipitate which 
may be obtained crystalline. It become* 
anhydrous at 175°. Tncalemm arsenate, 
Ca 3 (As0 4 ) x ,2H|0, 

may be prepared by pouring an alkahne calcium 
chloride solution into an alkahne sodium 
hydrogen arsenate solution, when a heary, 
voluminous, sparingly soluble precipitate of ap gr 
3 23 is formed 

Basic Calcium Arsenate . — Hydrolysis of tn 
calcium arsenate or calcium ammonium arsenate 
I y lelds a basic calcium arsenate. 


If the solution is evaporated on the water bath, 
dtcalcium phosphate is first deposited, then, on 
further evaporation, the abovo phosphatic 
chloride comes down, and afterwards white 
scales of CaH 4 (PO,) 2 CaCI 2 ,H.O When a 
solution of dicalcium orthophosphate in hy dro 
chlonc acid is saturated at ordinary tempera- 
tures with tncaleium phosphate, then mixed 
with half the quantity of hydrochloric acid 
already contained in it, and evaporated, on 
cooling below 6' crystals separate having the 
composition 4CaH,(P0 4 ) 2 CaCI 2 ,8H,0 
(Erlenmeyer, Jahresber 1837, I4t») 

Calcium Silico-Phosphate. — According to 
Carnot and Richard (Compt rend 1883, 97. 316) 
the brownish black slag, formed m working the 
Thomas Gilchrist process at Joeuf (Mcurthe-et- 
Mosclle), is covered with black crystals, some of 
which are slender needles, others right rhombic 
pnsms with brilliant faces, frequently aggre- 
gated in columnar masses terminating in 
vitreous, translucent, blue crystals Similar 
blue cry stals are found in the cavities, possessing 
the constant composition 

8P 2 0j 8Si0 2 Al jO s FeO 36CaO. 
essentially a calcium sihco phosphate, 

Ca 2 ( P0 1 ),+ta 2 Si0 4 . 

Calcium Arsenates. — Dicalcium arsenate 
occurs native as haiditiQtnlt, 

Ca,H.(AsO.),,H.O, 


3Ca 3 (As0 4 )j,Ca(0H) l , 

0 00488 part of which dissolves m 100 parts of 
water at 25°. It is analogous to hydroxy, 
apatite, and, like the latter, retains the water 
tenaciously (H.V Tartar. L Wood.andE Hiner, 
J Amer. Chem Soc 1924, 46,809). 

Calcium arsenate appears to be now generally 
prepared by heating a mixture of milk of lime 
and arsemous oxide (white arsenic) into which 
chlonne is passed, whereby an insoluble arsenate 
is produced together with a soluble chloride 
(H P. Basset and E. C. Lathrop, l T SP. 
1590043, 20/12/21, issued 23/6/26) 

The toxicity of calcium arsenates an in 
secticides decreases with the increase of the 
molecular ratio 

CaO: ASjO s . 

but is not greatly affected by Ca(OH), in the 
presence of Ca 2 (As0 4 ) 2 ,H t 0. The banc 
calcium arsenates have a constant toxicity which 
is lower than that of the acid calcium arsenate 
(Hendricks, Bacot and Young, Ind. Eng Chem 
1926, 18, 50) 

Calcium Ammonium Arsenate, 

Ca(NH 4 )As0 4 ,7H 2 0, 

is produced by mixing a hot solution of arsenic 
acul in excess of ammonia with calcium nitrate 
or chlonde ; tabular crystals are deposited on 
cooling. In a vacuum over sulphuric acid they 
become Ca 2 (NH 4 )H 1 (As0 4 ),,3H 1 0, and 
when dried at 100° have the composition 


and pharmacoltte, 

Ca 2 H 2 (As0 4 ) 2 ,6H 2 0, 

and may be prepared by adding a solution of 
dtsodium arsenate to excess of calcium chlonde 
The tetrahydne arsenate obtained by addition of 
lime water to arsenic acid n soluble, while the 
tncaleium arsenate is insoluble m water, and 
may be prepared by precipitating calcium 
chloride v, vth trisodiura arsenate. On e\ aporat- 
ing a hydrochloric *cid solution of calcium 
ammonium arsenate with platinum chloride, 
the maw left on ignition of the platinochlonde is 


Ca 4 (NH 4 )H s (As0 4 ) 4 .3H,0. 

On ignition they are converted into calcium 
pvroarsenate, Ca 2 As 2 0 7 (Bloxam, Chem. New*. 
1886,54,168). . 

Another aalt. Ca(NH 4 ) 2 H 2 (As0 4 ) 2 , is precipi- 
tated by adding excess of ammonia to a solution 
of dicalcium ar«enate in nitric acid, the Sect 0 
lent precipitate soon becoming ft mass of needle* 

The same salt is obtained in crystals b c l° ne, |'8 
to the regular system when the solution of the 
dicalciura salt is only partially precipita train 
allowed to stand; hence it appears to 'be® 
raorphous (Baumann, Arch Chem, 1811, 39,10/ 
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Calcium Chloroarsenate. — C. M. Smith (J. 
Washington Acad. Sci. 1935, 25, 435) has 
prepared the compound (CaCI) 2 H As0 4 ,2H 2 0 
by addition of CaHAs0 4 ,H 2 0 to a solution of 
CaCI 2 in water. 

Calcium Meta-arsenite. — Krestovnikov 
and Lyutringshauzen (Min. Ssyrje, 1930, 5, 870 ; 
Chem. Zentr. 1931, i, 1257) find that the inter- 
action of As 2 0 3 , finely divided Ca(OH) 2 , and 
h 2 o is effected at 100° with vigorous stirring. 
The product is amorphous; solubility in H a O 
at 15°, 0-04-0-05%. 

Calcium Silicide, CaSi 2 , corresponds with 
the carbide CaC 2 . Pure disilicide, CaSi 2 , is 
prepared by heating the monosilicide at 1,000°- 
1,010° in a current of hydrogen. If excess of Si 
is present this unites with the hydride present 
to form a further quantity of disilicide. The 
silicide dissolves in HCI with formation of 
yellow silicone without production of spon- 
taneously inflammable silicon hydride (Wohler 
and Muller, Z. anorg. Chem. 1921, 120, 49-70). 

Dodero (Compt. rend. 1934, 198, 1593), by 
electrolysis of a molten CaSi0 3 bath 

(Si0 2 +CaC0 3 -f-2CaF 2 -(-£CaCI 2 ), 

at 25 amperes per sq. cm., obtained cathodic 
mixtures of CaSi 2 and Si in proportions depend- 
ing on the temperature. CaSi 2 was practically 
the sole product at the m.p. of the bath, 1,000°. 
Yield about 2-5 g. per hour. 

Calcium Monosilicide, CaSi or Ca 2 Si 2 . — 
The compound is formed free from disilicide 
when a mixture of calcium and silicon in atomic 
proportion or with excess of silicon up to 
100% is heated in a magnesia boat in an 
atmosphere of carbon dioxide at a temperature 
of 1,050°. After a quarter of a minute a violent 
reaction takes place and the mass becomes 
incandescent. It must then be cooled rapidly. 
The mass breaks up readily into small lustrous 
metallic leaflets and larger crystals. The density 
of the substance containing a small amount of 
unconverted silicon is 2-346. By dilute acids it 
is attacked readily with the evolution of a 
spontaneously inflammable gas which is probably 
silicon hydride (silicon-ethylene) and ignites 
yielding hydrated silica, 

CaSi:SiCa+4HCI=2CaCI 2 +H 2 Si:SiH 2 

(Wohler and Muller, he.). 

Crucibles made of talc and alumina in the 
ratio 5 : 2 are not attacked by calcium silicides 
(Wohler and Schliephako, Z. anorg. Chem. 
1926, 151, 1). The calcium in small pieces was 
put into tho heated crucible and prepared 
silicon powder added. Thermal analysis showed 
tho formation of a compound CaSi 2 (41-6% 
Ca), m.p. 1,020°. The presenco of the mono- 
silicide CaSi, m.p. 1,220° was also confirmed. 
Indications of a third silicide, Ca 2 Si, m.p. 920°, 
were obtained. 

Tamaru (Z. anorg. Chem. 1909, 62, 81) found 
that molten silicon is miscible with molten calcium 
in all proportions. 

Kolb (Z. anorg. Chem. 1909, 64, 342), by heat- 
ing together calcium and silicon, obtained two 
silicides according to the component in excess. 
Tho products contain 53-5% and 36-68% 
silicon respectively, corresponding approximately 


with the formuke Ca G Si 10 and Ca n Si 10 . Both 
silicides are crystalline, evolve hydrogen with 
acetic acid, and evolve spontaneously inflam- 
mable silicon hydride with dilute hydrochloric 
acid. Silicones are obtained with strong hydro- 
chloric acid. Both silicides absorb nitrogen near 
1,000°, the products having the respective com : 
positions CaSi 2 N 3 and Ca u Si 10 N 10 . 

Technical Preparation of Calcium-Silicon 
Alloys. — R. Weiner (Z. Elektrochem. 1934, 40, 
624) has prepared a Ca-Si alloy (approx. 30%) 
by heating CaC 2 , Si0 2 , and C in a 20-kw. 
electric furnace, using mainly resistance heating. 
The alloy, as formed, should be removed from the 
hottest zone, in which it is unstable. A similar 
product is formed from CaO, Si0 2 , and C. 

Calcium Silicates. — Calcium oxide is an 
important base in a large number of natural sili- 
cates, and is the principal basic constituent oi 
the following minerals : wollastonite, CaSi0 3 , or 
tabular spar, occurring in monoclinic crystals ; 
okenite, CaH 2 (Si0 3 ) 2 ,2H 2 0 ; zonalite, 
4CaSi0 3 ,H 2 0 ; gyrolite, Ca 2 H 2 (Si0 3 ) 3 ,H 2 0 ; 
and apophylh'te, H 7 KCa t (Si0 g ) g -h4-5H 2 0. 

Gorgeu (Compt. rend. 1884, 99, 256) obtained 
artificial wollastonite by fusing 1 g. of silica with 
15 g. calcium chloride and 3 g. common salt at a 
cherry-red heat in a current of moist air for half 
an hour. 

Doelter (Jahrb. Min. 1886, 1, 119) found that 
in absence of steam, a hexagonal CaSi0 3 is 
always formed ; hence wollastonite must have 
been formed in presence of steam. Calcium 
silicate is therefore dimorphous. 

W. Jander and E. Hoffmann (Z. anorg. Chem. 
1934, 218, 211), by heating at 1,000-1,200° 
powdered mixtures of CaO and Si0 2 in different 
proportions, for a longer or shorter time, found 
that 2Ca0,Si0 2 is first formed. For high 
proportions of CaO(4CaO to SiO„) and a 
sufficiently high temperature, 3CaO,SiO z may 
next be obtained. In other circumstances the 
next product is 3Ca0,2Si0 2 . As heating 
continues, in the presence of sufficient Si0 2 , 
the final product is Ca0,Si0 2 . 

K. Hild and G. Tr'omel (Z. anorg. Chem. 1933, 
215, 333) have studied solid reactions between 
calcium oxide and silicic acid at 1,000°, using 
equimol. quantities. The time required for com- 
pletion varies from 5 minutes to 400 hours and is 
determined by the nature of the reactants and 
the intimacy of mixing. For reaction times 
greater than 20 minutes the initial product is 
//-Ca 2 Si0 4 , which then reacts with Si0 2 to 
give ^-CaSi0 3 (wollastonite). In the most 
rapid reaction (5 minutes) the main product is 
a-CaSi0 3 . In experiments in which quartz 
was used, the latter was frequently converted 
into cristobalite in presence of CaC0 3 , but 
never in presence of CaO. 

Hydrates of Monocalcium Silicate. — E. P, 
Flint and L. S. Wells (Bur. Stand. J. Res. 1934. 
12, 751) find that the solubility of Si0 2 in 
solutions of Ca(OH)j combined with electro- 
metric measurements for saturated and super- 
saturated solutions indicate the existence of 
Ca(H 3 Si0 4 ) 2 , CaH 2 Si0 4 , Ca 3 (HSi0 4 ) 2 , and 
Ca 2 Si0 4 . The hydrolysis constantsof these com- 
pounds have been determined, and ionisation con- 
stants for the successive stages in the dissociation 
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of H 4 Si0 4 are given as 2*2 XlO" 10 , 2 0xl0- 12 , 
1XI0 -12 , and IX lO” 12 , respectively. In 
presence of H 2 0, 3CaO*2SiO s . y-2CaO Si0 2 , 
0-2CaO-SiO 2 , and 3CaO-SiO., all pass into 
hydrated forms corresponding with the equili- 
brium relation of the Ca0-Si0 2 -H 2 0 system, 
but Ca O SiOj is unaffected. 

R. Nacken and R. Mosebach (Z. anorg. Chem. 
1935, 223, 161) state that Ca 3 SiO s is gradually 
decomposed by H a O forming successively with 
increasing quantities of H 2 0, 2Ca0,Si0,,H 2 0, 
3Ca0,2Si0j,3H 2 0; and CaO,Si0 2 ,2H 2 0. 
No appreciable dissolution of Si0 2 is indicated. 
Marked variation in solubility of CaO with 
fineness of division was observed. The most 
probable value for the solubility at 20° is 1*2100 
g. per litre. By grinding in contact with H 2 0 
a supersaturation of 23% may be obtained. 

Caldum Chlorosihcate . — Gorgeu (Compfc. rend. 
1884, 99, 256) obtained two chlorosilicatcs by 
heating to a high temperature silica and calcium 
chloride in proportion of 1 molecule to 7 
in presence of water vapour. The first, 
2CaO SiO z CaClj, forms birefractive rhombic 
plates. The second, Ca0'Si0 2 -CaCI 2 , forms 
hexagonal plates, and is produced more rapidly 
than the former, which requires prolonged heat 
ing. Both compounds are decomposed by 
water. 

Calcium Aluminate. — Nagai and Naito 
(J. Soc. Chem. Ind. Japan, 1930, 33, 17-19B) 
prepared calcium aluminate by heating calcium 
carbonate and alumina in the ratio 3CaO : 
Alj0 3 , and the free and combined oxides in 
the product were determined. At 1,100°-1,250° 
the primary product is CaO*Al a 0 3 , but at 
higher temperatures this is converted into 
3CaO Al 2 0 3 , a result similar to those obtained 
with other ratios (5:1 and 3-6). A small 
proportion of the compound 6CaO-3AI,O a 
was also first formed but eliminated by further 
heatmg. The compound 5Ca0-Al 2 0 9 was also 
converted by heating into 3CaO*AI 2 O a with 
separation of free lime. 

S. Nagai and G. Sawayama (J. Soc. Chem. 
Ind. Japan, 1934, 37, 264B) find that the mixture 
4CaO.Al 2 0 3 :Fe 2 Oj readily forms 

4Ca0-Ai 1 0 3 Te 1 0 s , 

theceh/e of Portland cement, at 1,250°. A mixture 

5Ca0:A! 2 0 3 :Fe 2 0 3 
(or 3CaO-A! a O,'2CaO-Fe s O a ), 
forms 2CaO Fe 2 0 3 +6Ca0AI 2 0 3 -2Fe 2 0 3 (I) 
at 1,400°— 1,420° and 3CaO A1 a 0 3 +(I) at 
1,250°-1,370°. (I) is probably a mixture of 
2CaO*Fe 2 O s and the eutectic (CaO, 47%; 
A1 2 0 3 , 53%) between 3Ca0-AI 2 0 3 and 
5CaO 3A1 2 0 3 . 

Rankin and Wright (Amer. J. Sci. 1915, 39, 1) 
have examined the system Ca0-Al 2 0 3 -S10 2 . 
The melting-points of the three compounds are 
2,570° for lime, 2,050° for alumina and 1,625° 
for cristohahte, the high temperature modifica- 
tion of silica. Of the binary systems involved 
alumina and silica form one compound, silh- 
mamte, AI 2 SiO s , whilst lime and alumina 
form four distinct compounds, Ca s Al s O„ 
Ca s AI 4 0 14 , CaAI 2 0 4 , and Ca a Al 10 O 18 . 
The third binary system, lime silica, also gives 


rise to four compounds, Ca 3 SI0 6 , Ca 2 SiO , 
Ca 3 Si 2 0 ; , and CaSiOj, the first mentioned 
of which, however, does not separate from the 
fusion. In the ternary system three compounds 
exist, but only anorthite, CaAl 2 Si 2 O s , and 
Ca 3 AI 2 Si 2 O 10 {? pure gehlemfe) are stable 
at their melting-point, the third, Ca 3 Al 2 Si0 8 , 
being unstable. The above compounds do 
not form solid solutions to any extent, and the 
authors did not detect in the crystallisations the 
eutectic (/J) structure commonly seen in allojs 

Neuman (Stahl und Eisen, 1918, 38, 053) 
summarises investigation on the binary and 
ternary systems of lime, alumina and silica, 
and points out that possible compositions of 
slags and Portland cements occupy only very 
small areas in the _ triangular diagrams of the 
ternary mixtures, and refers to the composition 
and temperature relations for freely flowing 
slags and general identity with mixtures of pure 
oxides. With reference to Portland cement, he 
accepts Rankin’s suggestion (J. Franklin Inst 
1916, 181) that Portland cement is produced 
by the formation of the compounds 2CaO,Si0 2 
and 5CaO,AI 2 O a , which absorb lime and form 
trjcalcic silicate and tncalcic aluminate. The 
former is regarded as the essential constituent of 
the cement, the latter acting chiefly as a flux or 
solvent which reduces the temperature at which 
the former is produced. 

Hydrates of Dicalcium Aluminate.— R. Sal 
mom (Gazzetta, 1934, 64, 719) has prepared the 
hydrates 2CaO Al 2 0 3 ,nH 2 0, where n«*l, 3, 
6, 10, and 11. Heats of dissolution and X-ray 
structures of the hydrates with n= 1, 3, 5, 7, 
and 9 are given. The higher hydrates will have 
the same lattice structure as the pentahydrate; 
this differs from that of the monohydrate. 

Travers and Schnoutka (Ann. Chim. 1930, [x], 
13, 255) found that interaction of lime water 
with aluminium nitrate afforded crystalline 
calcium aluminates, the composition of which 
varied between AI 2 O s *3CaO,1 2H 2 0 and 
Al 2 O a -4CaO,1 2H 2 0 according to the con 
centrations employed; the formation takes 
place in three stages, involving the precipitation 
of ahfmmium hydroxide, followed by its dissolu 
*j(V2. in. tana, mAts ra mnnarjdduinL i JnmnAte. 
and its precipitation as polycalcium aluminate 
A similar crystalline polycalcium aluminate is 
produced from’ potassium aluminate and lime 
water. Potassium aluminate reacts in solution 
with aqueous calcium nitrate containing lime 
water at p H 11-57—11 62 to give the pure crystal 
line AI.0 s -3Ca0,12H,0; products expressed 
by the formula AI 2 O a -3-4CaO,12H a O are 
obtained from the mother-liquors. 

Thorvaldson and Grace (Canadian J. Bes 
1929, 1, 36) obtained tricalcium aluminate by 
heating alumina with calcium carbonate at 
1,370°; it forms the hydrate 3CaO-Al 2 0 3 , 6 H s 0 
when heated at 150° with steam in an auto- 
clave. Thi3 compound forms isotropic crystals, 
n D 1*604, which are slightly hygroscopic; at 
275°-300° the stable hydrate (+1*5H a O) i» 
formed, and at 1,000° the last traces of water are 
expelled. At 750°-900° decomposition into 
lime and aluminate, 5CaO,Al 2 O s , occurs, but 
recombination ensues after heating at above 
1,000° or by heating in steam at 1 50°. 
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The solubility of the hexahydrate as deter- 
mined by gravimetric methods is 0-0246 and 
0-0268 g. per 100 c.c. at 21° and 40° respec- 
tively, whilst the density as determined by 
displacement in kerosene is 2-522 g. per c.c. 
X-ray data are tabulated and the crystal 
structure is described, the lattice constant being 
12-576A ±0-02, with 8 mols. in the unit cube. By 
exposing the anhydrous aluminate to atmo- 
spheres of different humidities at temperatures 
below 21°, evidence was obtained of the forma- 
tion of a series of higher hydrates crystallising in 
hexagonal plates and containing from 8 to 12 
mols. of water, but the water is very loosely held, 
and adsorption of water by the finely crystalline 
hydrates makes the exact formula: uncertain. 
The heats of dissolution in dilute hydrochloric 
acid ( 1 : 200) at 20° of the hydrates corre- 
sponding with 6, 8, 10, and 12H 2 0 were 519, 
489, 482, and 472 g.-cal. per g. respectively, and 
these differences support the view that a 
series of hydrates exist, as do the changes in 
refractive index with degree of hydration. 
Dehydration of the hexagonal plates at 21° 
produces no change of shape, however, and the 
X-ray diffraction patterns of the hydrates with 
8, 10, and 12H 2 0 are almost identical. 

Pure amorphous calcined and finely ground 
tricalcium aluminate forms a true colloidal sol 
in water, an insignificant proportion entering 
into true solution. The crystal form appears to 
be highly polymerised, and in contact with water 
behaves like a colloid (Phillips, J. Amer. Cera pa. 
Soc. 1919, 2, 708). 

The hydrated derivatives of the ternary 
system givo rise in nature to zeolites in which, 
however, the lime is often, partly replaced by 
soda, and the molecular ratio varies from the 
stilbito molecule, CaO- AI 2 0 3 -6Si0 2 ,6H 2 0) 
with decreasing SiO„ (and generally H 2 0) as in 
mesolitc, Ca0(Na 2 0)-Al 2 0 3 -3Si0 2 ,2H 2 0 to 
the anorthito molecule, CaO- AI 2 0 3 -2Si0 2 
(Tliomsonite+2-5H 2 0). 

Artificial zeolites in which the composition is 
given as Ca0(Na 2 0)-Al 2 0 3 ,2Si0 2 ,6H 2 0 or 
Ca0(Na 2 0)-AI 2 0 3 -xSi0 2 ,7H 2 0 are made 
on a large scale (“ permutite,” etc.) because of 
their property of interchange of the Na 2 0,CaO 
molecules in contact with solutions containing 
the alternate molecule : 

Na„0-AI 2 0 3 -a:Si0 2 ,i/H„0+CaCI„ 

^Ca0-AI 2 0 3 -arSi0 2 ,yH 2 0+2NaCI 

Hydrated Calcium Sulphatoaluminate and 
Calcium Chloroaluminate. — J. Lefol (Compt. 
rend. 1934, 198, 1858) by thermal analysis 
shows that: (i) AI 2 O 3 -3CaO-3CaSO 4 ,30H 2 O 
rapidly loses H a O on heating, forming a hepta- 
hydrate stable at 145° and decomposed at 
higher temperature; free CaS0 4 is not 
Jiberated; (ii) AI 2 O 3 -3CaO-CaCI 2 ,10H 2 O (I) 
is stablo to 120° and forms a hexahydrate at 
175° which is stablo to 280°. At temperature 
>100° (I) decomposes to CaCI 2 + AI 2 0 3 -3Ca0. 

Aqueous CaCI 2 reacts fairly rapidly with 
3Ca0-Al 2 0 3 at 30°, forming the compound, 
3CaO-AI 2 O 3 -CaCI 2 ,10H 2 O. Tins reaction 
controls the influence of CaCI 2 on the setting of 
Portland cement (R. Nneken and R. Mosebach, 
Z. anorg. Chem. 1936, 228, 19). 
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System Iron-Iron Oxide-Calcium Ortho- 
ferrite. — E. Martin and R. Vogel (Arch. 
Eisenhuttenw. 1934-1935, 8, 249) show that 
thermal and micrographic observations have 
disclosed two compounds, CaO-9FeO (I), m.p. 
1,310°, and 4Ca0-3Fe 3 0 4 , m.p. 1,200°. The 
system may be divided into five 3-phase fields and 
one 2-phase field, the other solid phases present 
being Fe, Fe 3 0 4 , wiistite, CaFe 2 0 4 , and 
Ca 2 Fe 2 O s . Eutectics are formed at Fe 2 0 3 
62-8, CaO 26-9, Fe 10-3%, 1,110° [(1)4- 
Ca 2 Fe 2 O s ] ; Fe 2 0 3 65-3, CaO 25-8, Fe 
8-9%, 1,120°; and Fe 2 O s 72-0/ .CaO 24-5, 
Fe 3-5%, 1,240° (Fe 3 0 4 +Ca 2 .Fe 2 0 5 ). Free 
Fe occurs in the melts when the Fe content 
is greater than that corresponding with the 
sections (I)-Ca 2 Fe 2 O s and (l)-wiistite. 

S. Kagai and T. Yoshiura (J. Soc. Chem. Ind. 
Japan, 1935, 38, 374B) find that Ca0-Fe 2 0 3 
and 2Ca0-Fe 2 0 3 are formed by heating 
a mixture 2CaO+ Fe 2 0 3 at 1,000°-1,100° and 

I, 200° respectively. Addition of 1% of CaF„ 
lowers the temperature of formation by 50°— 100° 
(e.g. reaction is completed after one hour at 
1 , 100 °). 

Calcium Boride, CaB 6 , was obtained by 
Moissan (Compt. rend. 1897, 125, 629 ; 1902, 
134, 137) by heating quicklime with boron in 
an electric furnace, and by reducing calcium 
borate with aluminium in the presence of 
carbon, then washing with hydrochloric and 
hydrofluoric acids and ether. It is a black 
crystalline body ; sp.gr. 2-33. Nitric acid 
attacks it vigorously. 

It is also formed (Ber. 1912, 46, 1885) when 
calcium metaborate (30 g.) is reduced by means 
of calcium (50 g.), the theoretical quantity of 
calcium boride being produced. The reaction 
product is extracted with dilute acetic acid, 
and then dilute HCI and hot' water. So 
obtained it is a light brown micro-crystalline 
powder d u 2-11. 

Calcium Borate occurs in nature in several 
combinations. The best known is colemanite, 
HCa(B0 2 ) 3 ,2H 2 0, which crystallises in 
beautiful monoclinic prisms. 

Calcium Silicoboralc, Ca0-2Si0 2 -CaB 2 0 4 , 
occurs with one molecule of water as datolite, 
and with two molecules of water as botryolite. 

Calcium Titanate, CaTi0 3 , occurs in 
nature as perovskite. 

Calcium Silicotitanale, CaSiTiO c , is a 
common constituent of many igneous and meta- 
morphic rocks, and is known as titanite, or 
sphene. Synthetic titanite forms blue crystals 
(m.p. 1,221°), which usually enclose small 
crystals of perovskite (Z. anorg Chem. 1911, 
73, 293). 

Calcium Monosulphide, CaS. Perfectly 
dry lime remains unaltered on passing over it a 
current of dry sulphuretted hydrogen ; but on 
hydrating the lime and again passing the gas, 
calcium sulphide is formed : 

Ca(0H) 2 +H 2 S=CaS+2H 2 0 
The most favourable temperature is 60° (Veley, 

J. C.S. 1885, 47, 478). It may also be prepared 
by heating the sulphate with coal or charcoal, or 
by the action of carbonic oxide at a red heat : 

CaS0 4 +4C0=CaS+4C0 2 
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It may be prepared in the crystalline state by 
direct reduction of the sulphate with carbon in 
the electric furnace ; Muller (Cent, 11m. 1900, 
178) has obtained it m small cubes. 

Rodriguez Mourelo (Compt. rend, 1915, 161, 
172) prepared calcium sulphide by beating 100 g. 
CaCOj, 0-1 g- NaCI, 0 03 g. NajCOj, flowers 
of sulphur and the necessary active amounts of 
Mn compounds, amounts varying from 0-1 to 
0 0001% of Mn to CaCO, taken. The tern- 
perature of heating was 300°— 1,000°, and the 
time 4 hours All the specimens thus prepared 
showed marked phototropy but no phosphores- 
cence. Under the influence of light the colours 
assumed were shades of red or violet, and m 
one case a shade of yellow, the maximum 
intensity being quickly attained. 

Anhydrous calcium sulphide is a white 
powder which emits an odour of HjS in the 
air. It turns jellow on moistening, due to the 
formation of oxidised products It is only 
Bpanngly soluble m water, and is decomposed 
by boding water, with formation of hydroxide 
and sulphydrate of calcium : 

2CaS + 2H,0-=Ca(HS), t Ca(KO), 

A suspension in water is readily decomposed 
by carbon dioxide, with formation of calcium 
carbonate and sulphuretted hydrogen : 

CaS+HjO+CO^CaCOj+HjS 

After being heated, calcium sulphide shines in 
the dark, and was long known as Canton's 
phosphorus 

According to Vemcuil (Compt rend. 1886, 
103, COO), calcium sulphide with a violet 
phosphorescence may be prepared as follows: 
20 g. of finely powdered lime, obtained by 
heating the Bhells of Hypopus vulgans, is 
intimately mixed with G g of sulphur and 2 g. 
of starch, and 8 c c. of a solution containing 0 5 g. 
basic bismuth nitrate and 100 c c. of absolute 
alcohol acidified with a few drops of hydrochloric 
acid. The mixture is exposed to the air until 
most of the alcohol has evaporated, and is then 
heated to cherry redness for 20 minutes. When 
completely cooled, the upper layer of calcium 
sulphate is removed, and the calcined mass 
powdered and again heated for 15 minutes. 
The violet phosphorescence of the product is 
due to the trace of bismuth. 0-1% of sulphides 
of antimony, cadmium, mercury, tin, copper, 
lead, uranium, platinum or zinc imparts a 
bluish- or yellowish-green tmt to the phos- 
phorescence Manganese produces an orange 
shade. A mixture of 100 parts lime. 30 parts 
sulphur, 10 parts starch, and 0 035 part lead 
acetate yields a sulphide with a beautiful 
j el!owi«h green phosphorescence. 

Pure calcium carbonate mixed with 2% 
sodium carbonate, and 0 02% common salt, 
heated with 30% sulphur and 0 02% bismuth 
nitrate, yields a similar product to that obtained 
by use of hypopus shells Pure calcium sulphide 
does not phosphoresce (J. H. Frydlender, Rev. 
Prod. chim. 1930, 33, 723, 757 ; 1931, 34, 5). 
The phenomenon is due to small quantities of 
impurities ; thus in the last mixture it has been 
shown hi Verneuil to be due to simultaneous 


presence of traces of bismuth oxide, sodium 
carbonate and chloride and calcium sulphate 
These phosphorescing varieties of calctam 
sulphide are utilised in the manufacture of 
luminous paints. Abney (Phil. Mag. (5J, 
13, 212) found that the emission spectrum 
showed greatest luminosity between G and F 
and a feebler one extending from between E and 
F as far as the red. The rajs of the electnc 
light somewhat beyond H on one side and G on 
the other are most active in exciting phos- 
phorescence. 

Calcium Disulphide, CaS,, is deposited in 
yellow crystals of the composition CaS,,3H,0 
from the solution obtained by boiling sulphnr 
with milk of lime and filtering while hot. 

Calcium Pentasulphide, CaS 4 , is formed 
when the monosulphide or hydrate of calcium u 
boiled for a long tune with excess of sulphur 
Concentrated solutions of calcium hj droaulphide, 
Ca( H S)j, also react energetically upon powdered 
roll sulphur ; on preventing access of air by 
performing the operation in a current of 
hydrogen, an orange-red solution is produced 
with a fall of temperature, and on warming 
the calcium is completely converted into CaS, 
The reaction is reversible, a current of ml 
phuretted hydrogen causing deposition of 
sulphur and reformation of hydrosulphide 
(Divers and Shimidzu, J.C S 1884, 45, 270). 

Auld obtained evidence indicating the possible 
existence of polysulphidea as high as CaS,, and 
suggests the constitution 
S 

Ca^ ys-S S 

the atoms of sulphur in the chain becoming 
progressively more loosely attached (Arid, 
J.C.S. 1915, 107, 480). (For the chemical 
composition of lime-sulphur animal dips, ire 
Chapin, U.S.A. Dept. Agric. Bull. 451, 1916) 
Calcium Oxysulphides, 

CaS s ,5CaO,20HjO. 

This oxysulphide is obtained in gold-coloured 
needles when a solution of crude calcium 
monosulphide is evaporated (Rose, Annalen, 
1842, 44, 241). 

According to Hoffmann (Compt. rend. IS66, 
62, 291) a mixture of two molecules of calcinm 
monosulphide and one molecule lime at a red 
heat forms the oxysulphide 2 CaS CaO. Ties 
oxysulphide is also contained in recently 
lixiviated soda residues. . 

Geuther (Annalen, 1884, 224, 178) obtamed 
crystals of CaS,-2CaO,10H i O by boikng 
sulphur in milk of lime. They dissolve in hydro 
chlonc acid, forming hydrogen persulphide. 
H,Sj, and a little H,S. On boiling calcium 
monosulphide and sulphur with water, crystal* 
of CaS 3 -3CaO,l 5H.O were obtained. Direo 
obtamed a compound of the formula 
1tCaS-5CaO 

by igniting lime in a mixture of carbon dionde 
and carbon disulphide. _ 

Auld (J.CS. 1915, 107, 4S0), bv boding 
together lnne and sulphur in proportions c 
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culatcd to give the disulphide, obtained in each 
case Herschell’s crystals, for which he proposes 
the formula Ca0,CaS 2 ,7H 2 0. A lime- 
sulphur wash, used as a fungicide, is prepared by 
boiling together 1 part of quicklime, 2 or 
more parts of sulphur, and 10 parts of water. 
The concentrated commercial product contains 
calcium polysulphides and thiosulphate, 
generally with minor proportions of sulphite 
and sulphate. 

Winter (Ind. Eng. Chem. 1918, 10, 539) 
found that lime-sulphur solution prepared from 
ordinary common Ume and sulphur which has 
been standing for several days does not contain 
any appreciable amounts of hydrogen sulphide, 
calcium hydrosulphide, or calcium hydroxy- 
hydrosulphide ; free calcium hydroxide is not 
present, as any excess of Ca(OH), originally 
present or added disappears gradually. The 
orange-red crystals which separate from lime- 
sulphur solution have the composition 
2Ca0,CaS 3 ,11H 2 0. 

Calcium Sulphydrate, Ca(HS) 2 , is formed 
together with the hydroxide when the mono- 
sulphide is boiled with water. The best mode 
of preparing it is to pass sulphuretted hydrogen 
through the hydroxide or sulphide suspended in 
water, with constant agitation, until it ceases to 
be absorbed. It is difficult to obtain in the solid 
stage, being decomposed, when the stage of 
crystallisation is reached, into H 2 S and CaS 
which separates in silky prisms. 

Divers (J.C.S. 1884, 45, 270) obtained it in 
the solid form bv forcing sulphuretted hydrogen 
through semi-solid calcium hydroxide and water 
so as to obtain a saturated solution of the 
sulphydrate. Air was excluded, and, on 
settling, decanting in a stream of H 2 S, and 
cooling by ice, crystals formed in abundance. 
They wero colourless prisms, melting on slight 
rise of temperature with partial decomposition. 
They readily dissolved in one-fourth of their 
weight of water, and could not be removed 
from the atmosphere of sulphuretted hydrogen 
without decomposition. They possessed the 
formula Ca(SH) 2 ,6H 2 0. 

Calcium sulphydrate may be used as a 
depilatory, and for this purpose it is prepared 
in the form of a paste by passing sulphuretted 
hydrogen into thin milk of lime until the mass 
acquires a bluish-grey colour. It has been 
employed in the tan-yard. 

Calcium Hydroxy-Sulphydrate, Ca'(SH)(OH), 
is formed, according to Divers, by the action of 
water upon the crvstals of the last-described 
salt: Ca(SH 2 )+H 2 0 = Ca(SH)(0H)+H 2 S. 
Also by union of water with calcium sulphide, as 
in interior of heaps of soda waste ; and by 
reaction between Ca(OH) 2 +H 2 S in the coal- 
gas purifier. Exposed to air, crystals of 
Ca(HS) 2 are rapidly converted to 
Ca(SH)(OH), and concentrated solutions of 
the sulphydrate exposed to air become rapidly 
covered with crystals, and an abundant crop 
of crystals of Ca(SH)(OH) is obtained on 
passing in a current of air. The crystals are 
colourless four-sided prisms of silky lustre, easily 
obtained dry, of the composition 
Ca(SH)(0H),3H 2 0. 


They slowly evolve H 2 S in air,- and become 
yellow by adsorption of oxygen. They are 
readily soluble in water, but the_ solution 
rapidly decomposes into hydroxide and 
sulphydrate. They are insoluble in alcohol. 

According to Folkard (Chem. News, 1884, 49, 
258), by exposing calcium hydroxide to the 
action of sulphuretted hydrogen until it ceases 
to gain weight a grev powder of the composition 
4Ca(OH) 2 -3H 2 S is obtained; this evolves 
sulphuretted hydrogen by the action of coal 
gas, and at 100° water is eliminated, leaving 
Ca(OH) 2 -Ca(SH)(OH). This greyish-green 
powder, when gently heated in coal gas, leaves a 
yellowish-white salt, 

2Ca(OH) 2 -Ca(SH)(OH)-CaS, 
which, at a red heat, forms 

2CaO-Ca(SH)(OH)-CaS, 
and tills, when ignited in air, burns like tinder to 
CaS0 4 . 

The lime-sulphur solutions employed as 
insecticides and plant-sprays in agriculture, 
prepared by boiling together water, lime, and 
sulphur, consist mainly of calcium polysulphides, 
calcium hydroxysulphydrate, calcium thio- 
sulphate with sulphur held in solution. For 
their analyses, see Bodnar (Chem. Zeit. 1915, 
39, 715; Analyst, 1915, 40, 513); Ramsay (J. 
Agric. Sci. 1915, 6, 476). The following is an 
analysis of a typical lime-sulphur spray, sp.gr. 
1-3735, the results ‘being expressed in g. per 
100 c.c. (Ramsay, he.) : 



Sulphur. 

1 Calcium 
as CaO. 

. 

Hydroxy-sulphvdrate . 

0-944 

1-653 

Disulphide . 

14-716 

12-877 

Free sulphur • . 

23-11 

— 

Thiosulphate . 

0-99 

0-86 

Sulphate .... 

i 

0-07 

0-11 


39-83 

15-50 


Calcium Sulphocarbonate, CaC S 3 . — Lime 
over which coal gas containing sulphuretted 
hydrogen has been passed readily adsorbs 
carbon disulphide. Adsorption is most complete 
when the lime is moistened with water ; the 
“ fouled ” lime is then mixed with an equal 
weight of slaked lime. The adsorption of 
carbon disulphide stops when one-third of the 
sulphide is converted to sulphocarbonate, 
CaS+ CS 2 = CaCS 3 . On exposing the product 
for a short time to the air, it is again rendered 
capable of removing carbon disulphide. 

On passing hydrogen saturated with vapour of 
carbon disulphide into a mixture of calcium 
monosulphide and a little water, the liquid 
becomes red, and in vacuo deposits red prismatic 
very deliquescent needles of the composition, 
Ca(0H) 2 -CaCS 3 ,7H 2 0. When the hydroxy- 
sulphydrate is employed instead of monosul- 
phide, yellow crystals of 

2Ca(OH) 2 -CaCS 3 ,10H 2 O 

are obtained. - 
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From these facts Veley (J.C.S. 1683, 47, 478) 
concludes that the carbon disulphide is adsorbed 
by Ca(SH)(OH), and not by CaS, and that 
the reactions are as follows : 

(1) CaS+H s O=Ca(SH)(OH) 

(2) Ca(SH)j+H 1 0=Ca(SH)(OH)+H J S 

(3) 2Ca(SH){OHH-CS, 

= Ca(OH)j CaCS 3 + H*S 

The basic sulphocarbonate is unstable, being 
decomposed slowly by sulphuretted hydrogen 
and readily by carbon dioxide. 

When milk of lime is agitated with carbon 
disulphide, bright orange needles of a basic 
sulphocarbonate, Ca(OH) 2 CaCSj,6HjO, arc 
deposited. 

Calcium Selenides. The monoselemde is 
formed as a flesh-coloured precipitate by pre 
cipitating calcium chloride with potassium 
monoselemde. Lime water saturated with 
selemuretted hydrogen deposits crystals of 
calcium selemde on spontaneous evaporation 
When lime and selenium are heated just below 
redness, a poll selemde mixed with calcium 
selenide is formed 

Calcium Sulphite, CaSOj, is formed when 
a solution ot an alkaline sulphite is added to the 
solution of a calcium salt it is a white powder 
soluble in 800 parts of water. It dissolves in 
sulphurous and, and the solution yields six 
sided needles of the composition CaSO s ,2HjO 

The solution in sulphurous acid known com 
mercially as bisulphite of lime, and manufactured 
by passing sulphur dioxide into milk of lime, is 
largely used in the manufacture of sulphite 
cellulose. 

According to Bimbaum and Wittich (Ber 
1880, 13, C51), calcium oxide does not adsorb 
sulphur dioxtdo gas below 400°, but at this 
temperature combination takes place rapidly 
with formation of a basic sulphite, Ca 8 S 5 0, # or 
6CaO 5SO z At 500’ the gas is rapidly ad- 
sorbed, hut the sulphite splits up into sulphate 
and sulphide 

Briner and Monmer (Helv Chim Acta, 1930, 
13, 80-85) find that no action even after months 
of contact can be obserx cd between sulphi 
dioxide in the gaseous or liquid states and dry 
calcium carbonate at the ordinary temperature. 
A relatively rapid reaction represented by 
2CaCO,+ 3SOj 

= 2CaS0 4 +S+2C0j+74 kg -cal. 
occurs at 93®. If water is present sulphite is 
formed by simple replacement. 

Calcium Sulphate, CaS0 4 , occurs in solu- 
tion in sca-watcr or mers and is found abun- 
dantly in deposits as gypsum, CaS0 4 ,2H t 0, 
of which the well crystallised form is termed 
selcmte, a fibrous variety satin-spar, and a 
marble-like form alabaster ( q t ). 

Hydrated calcium sulphate is precipitated on 
adding dilute sulphuric acid or a soluble 
sulphate to an aqueous solution of calcium 
chloride. Tbo sp gr. of pvpsura > s 2 31. When 
it is bested to 100°- 200® it gixcx up three- 
fourths of its water rather quickly, but it requires 
a temperature of 200"-250° to expel the 
maindcr. Pried at 100®, the hemihydratc 
2CaS0 J ,H,0 


of sp gr. 2-7 is left. The anhydrous salt fas** 
at a red heat without decomposition, and on 
cooling assumes the structure of anhydnte 
[q.t ). When the hemibydrate is puliensed and 
mixed with water, it adsorbs 3 molecules of 
water, and solidifies to a very hard mass with 
evolution of heat, expanding so as to fill anv 
mould in which it is cast, due probably to the 
outward thrust of the lath-shaped crystals of 
the hydrated salt during grow th ; hence the use 
of gy psum or plaster of Pans in preparing casts 
[see Blildixo Materials, Calcium Sulphate 
Plasters and Cements). 

Grengg (Z. anorg. Chem. 1916, 90, 327) 
prepared the hemihydrate CaSO,, JH,0 by 
digesting gypsum with warm HNO,. It forms 
hexagonal prisms. Large crystals are obtained 
by heating gypsum with concentrated NaCI 
solution at 80°— 100°. The hexagonal form isonly 
apparent , the crystals are rhombic, repeatedly 
twinned 

By drated calcium sulphate, gypsum, is soluble 
in water, the solubility attaining a maximum at 
35®, 1 part dissolving in 393 parts water (Pog- 
giale) , at 0® m 488 parts, and at 100° in 460 
parts The solubility is increased by th* 
presence of hydrochloric or nitric acids, or 
chlorides of ammonium or sodium, hence its 
presence m salt springs ; probably in mos‘ 
cases partial double decomposition has oc 
curred. 

According to Lunge (J.S C I 1885, 4, 31), tbi 
solubility of calcium sulphate m solutions o 
sodium chloride increases with the percentage o 
salt, but diminishes with increase of temper* 
ture The quantity of calcium sulphate di^solrn 
by 100 c c of the salt solution is shown in thi 
following table : 


Temp. f C. 

215 

180 

101 0 

102 5 

NaCI % . 

3 53 

14-18 

3 53 

1418 

CaS 0 4 g. 

0 5115 

0-7340 

0 4891 

OC24S 


Calcium chloride diminishes the solubility o 
. CaS0 4 the more it is concentrated, but attbi 
Lhoihjy^nojnt ,th« .concentration is immaterial 
Hydrochloric acid increases the solubility both 
with increase of concentration and of tempers 
ture. 

Gypsum is readily’ soluble in excess of * ouiubi 
thiosulphate, forming calcium thiosulphate, 
which combines with the excess of the sodium 
salt to form a soluble double thiosulphate, vm 
addition of alcohol, this double salt separates as 
heavy thick liquid, which solidifies, forming 
needle shaped cry stals. . 

Tho reaction between gypsum and carbon 
sets in below 300°, but very slowly, and is fairij 
rapid from about 700° and upw ards ; undo 
suitable conditions pure CaS is obtained: 

CaS0 4 + SC^CaS+COj+ZCO 

Similarly, wuth strontium and barium tbe eui 
phides aro formed, the differences In bchavi 
being accounted for by a consideration oi 
heats of reaction. The reaction 

CaS+ HjO+CO^CaCCVb H,S 
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cannot be used for the profitable conversion of 
calcium sulphide. 

Calcium and barium sulphate can be con- 
veniently and quantitatively reduced by CO 
at a temperature of 900°-950° (Hofman and 
Mostowitsch, Amer. Inst. Min: Eng. 1910, 917, 
939). The sulphate is first rendered anhydrous 
by heating until weight is constant ; the reduc- 
tion commences at 680°-700°, becomes vigorous 
at 750°-850°, and is practically finished at 900°. 
The heating is continued until there is no 
further loss. With carbon in an atmosphere of 
nitrogen decomposition begins at 700°, it is 
vigorous at 800°-900°, and complete at 1,000°. 
By oxidation of CaS in dry air, the action 
begins at 800°, yielding 73% CaS0 4 and 27% 
CaO. 

A large scale process in Germany, for 
utilising the dumps of calcium sulphate 
resulting from the neutralisation of excess 
sulphuric acid in sulphonation processes, consists 
in mixing the press-cake with coal and a slagging 
material, presumably of the composition 
required to give a cement mixture ; this is fed 
into a rotary kiln 50 m. long and 3 m. in diameter 
which is fired by coal-dust. The fumes con- 
taining sulphur dioxide are cleaned from dust 
by electrostatic means and are passed into the 
sulphur trioxide converters. The cement pro- 
duced from the clinker is of satisfactory quality 
(Allmand and Williams, J.S.C.I. 1919, 38, 
287R). 

Preparations of gypsum could not be com- 
pletely dehydrated at 115°. The water of 
crystallisation was never reduced to less than 
4%. The common dihydrate lost its crystal 
water at 102° more slowly and less completely 
than other forms (Neugebaur, Kolloid-Z. 1922, 
31, 40). 

Burnt gypsum may be regarded as consisting 
of two components, one soluble, which dissolves 
quickly, and the other relatively insoluble. The 
solution of samples which have beon burnt at 
500°-800° is rapid at first, this being explained 
by the presence of appreciable proportions of 
soluble modification of dead burnt gypsum. 

Samples of CaS0 4 were heated to constant 
weight at temperatures of 800°-l,375°, and the 
proportion of CaO in the products determined : 
at 1,000°, 0-21 CaO ; at 1,300°, 3-0 CaO ; and 
at 1,375°, 98-67 CaO. Above 1,300° the salt 
melts and vigorous evolution of fumes take 
place (Budinov and S3Tkin, Chem.-Ztg. 1923, 
47,32). 

CaS0 4 , when melted in the electric furnace, 
gives a f.p. 1,450°, and transformation point 
1,193° (Gralimann, Z. anorg. Chem. 1913, 81, 
257). 

Sulphur dioxide is prepared on a large 
scale by sintering gypsum with sand in a 
rotating furnace, the residue being used as 
cement (Gallo, 1928, B. 12). For the manu- 
facture of ammonium sulphate from gypsum, 
see Vol. I, 350. 

Acid Calcium Sulphate, CaS0 4 -H 2 S0 4 , is 
formed by heating the neutral sulphate with 
strong sulphuric acid to 80°-100°. A portion of 
tho porous mass produced dissolves and 
separates on cooling in microscopic prisms of 
the composition above indicated. It is decom- 


posed by water, even the moisture of the air, 
into gypsum and sulphuric acid. 

Calcium-Sodium. Sulphate, CaNa 2 (S0 4 ) 2 , 
occurs native in rhombic prisms as the mineral 
glauberite. It may be obtained in the same 
form by fusing together calcium and sodium 
sulphates. On heating 50 parts sodium sul- 
phate (Glauber’s salt) with an emulsion of 1 
part gypsum in 25 parts -water to 80°, crystalline 
needles of CaS0 4 -2Na 2 S0 4 ,2H 2 0, are de- 
posited. On further heating, these crystals are 
transformed into microscopic monoclinic 
crystals of glauberite. 

In the Welsh process of manufacturing sodium 
acetate, during evaporation of the liquor formed 
by double decomposition of calcium acetate by 
sodium sulphate, micaceous spangles of glauber- 
ite have been observed to separate out (Folkard, 
Chem. News, 1881, 43, 6). This explains why 
calcium sulphate so tenaciously retains sodium 
sulphate. 

Calcium Potassium Sulphate, 

CaS0 4 -K 2 S0 4 ,H 2 0, 

occurs native in monoclinic crystals as syn- 
genite. It is formed by mixing solutions of the 
two salts. When a mixture of equal weights of 
anhydrous calcium sulphate and potassium 
sulphate is stirred up with less than its weight of 
water, the mass suddenly solidifies. If 4-5 
parts of water are used, the solidification is not 
quite so rapid, but gives casts superior to those 
of plaster of Paris, inasmuch as they possess a 
polished surface. 

A Balt of the composition 

CaS0 4 K(NH 4 )S0 4 ,Aq„ 

is obtained by adding an excess of potassium 
sulphate to a warm concentrated solution of 
ammonium sulphate which has been saturated 
with calcium sulphate. The same salt is formed 
when the double sulphate of calcium and 
potassium is treated with a warm solution of 
ammonium sulphate (Fassbender, Ber. 1878, 
11, 19C8). 

Calcium Persulphate. The salt may be 
extracted by means of absolute ethyl alcohol 
from the dried mixture resulting from the action 
of ammonium persulphate on calcium hydoxide 
(Erdenbrecher, Chem.-Ztg. 1924, 48, 189). 

Calcium Thiosulphate, CaS 2 0 3 ,6H 2 0, 
is prepared by heating a suspension of calcium 
sulphite and sulphur in water. Divers (J.C.S. 
1884, 45, 270) obtained it by oxidation of calcium 
sulphydrate in a current of air, calcium bydroxy- 
sulphydrate being first formed : 

Ca(SH)(0H)+20 2 +H 2 S=CaS 2 0 3 -f 2H 2 0 

It forms triclinic prisms soluble in their own 
weight of cold water. On heating the solution 
to 60°, it is decomposed with deposition of 
sulphur. It is used for the preparation of 
antimony cinnabar, Sb 2 OS 2 , a pigment for oil 
paints. 

P. Petrovici (J. Pharm. Chim. 1934, [viii], 19, 
392) shows that CaS 2 0 3 ,6H 2 0 is stable at 
18° when the H a O v.p. is 9-12 mm. It loses 
5H 2 0 when kept over 50% H 2 S0 4 or heated 
at 30°; above 80° decomposition to CaS0 3 , S, 
and HoO commences. 
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Calcium Chromate, CaCr0 4 ,4H 2 0, is pre- 
pared by dissolving calcium carbonate in 
aqueous chromic acid, or as a light yellow 
precipitate on mixing concentrated solutions of 
calcium chloride and potassium chromate. 
Bourgeois (Jahresber. Mm. 1880, 1 Ref 351) 
prepares the anhydrous salt by heating to bright 
redness 2 molecules of the chloride ruth 1 
molecule of potassium chromate and 1 of 
sodium carbonate It forms slender yellow 
needles, moderately soluble in water. The 
hydrated salt gives up its water at 200°, and the 
anhydrous salt is used as a pigment. 

The acid chromate C a C r s O 7 ,3 H 2 0 is obtained 
in red deliquescent crystals by evaporating a 
solution of the neutral salt in aqueous chromic 
acid 

Calcium Potassium Chromate, 

(CaK 2 )(Cr0 4 ) 2 Aq , 
forms yellow silky needles, obtained by saturat- 
ing acid potassium chromate with calcium 
hydroxide 

For Detection and Estimation of Calcium, see 
Chemical Analysis G. S " 

CALCIUM-SANDOZ is calcium gluconate 
(9 3% Ca) Used in calcium therapy (Sandoz, 
London j Brooks and AVar burton, London), 
BP.C. 1934 

CALCO-URANITE i Autumte. 

CALEDON COLOURS r. Anthba- 
qltvone Dyestuffs 

CALENDULA OFFICINALIS, Mangold 
(Fam. Compositai), contains a saponm the 
aglucone of which is oleanohc acid (Winterstein 
and Stein, Z physiol Chem 1931. 199, 64). 

CALGON. Sodium hexametaphosphate, 
Na 2 (Na 4 P 8 0 18 ) Scounng and water soften- 
ing agent, removing calcium in the form of the 
soluble salt Na 2 (Ca 2 P 6 0 18 ) which doe9 not 
yield calcium ions 

CALIATUR WOOD. This wood is very 
similar to, though somewhat darker in colour 
than, sanderswood It was imported from the 
East Indies and is stated to have been chiefly 
employed on the Continent. According to 
Franclnmont and Sicherer it contains santalm 
but in larger amount than sanderswood (Ber. 
1879, 12, 14) (i. Barwood). 

C AL I CHE. The term by which the impure 
native sodium nitrate or Chile saltpetre is known 
throughout South America. Also applied to a 
limestone hardpan found in Arizona and else- 
where. 

CALIFORNITE. A variety of Vesu- 
vianite 

CALISAYA or YELLOW BARK. A 
variety of cinchona bark. 

CALLISTEPHIN. One of the antho- 
cyanin pigments of purple-red asters ( Calli - 
slephus chtnensis Nees, syn. Aster chinensis 
Lmn ), which was isolated as a hydrochloride, 
C 2 , H 2 ,Oi 0 CI,2JH 2 O, by Willstatter and Bur- 
dick (Annalen, 1916, 412, 149), after separation 
from astenn chloride by fractional precipitation 
irom alcohol by ether and recrystallisation from 
aqueous hydrochloric acid. The fine orange red 
needles are easily soluble m water, alcohol or 
dilute HCI or H 2 S0 4 , and give a dull violet red 


colour with sodium acetate and violet red with 
sodium carbonate and sodium hydroxide. Since 
there are not adjacent hydroxyls at 3' and 4' 
feme chloride gives no colour reaction The 
high distribution number (partition value 
between amyl alcohol and aqueous HCI) which 
is increased by dilution, is normal for a mono- 
glucoside Hydrolysis yields pelargonidm (1 
mol.) and glucose (1 mol ). 

The position of this glucose molecule at 3 was 
confirmed when Robertson and Robinson (J C S 
1928, 1460) obtained the chloride of the first 
synthetic natural anthocyanm, pelargonidm 
3 p monoglucoside, which was identical with 
callistephin chloride. 



HO CH 


The synthesis depends upon the condensation 
of the O tetra-acetyl ft glucoside (II) of the car 
bind, AcO C 8 H 4 COCH 2 -OH,withO benzoyl 
phloroglucinaldehyde (I) in a mixture of ether 
and chloroform, and subsequent hydrolysis with 
cold 8% aqueous sodium hydroxide, and 
acidification • 


HO. / 


s 'OH 


CO — ( )OAc 

I 

CH 2 -OC 8 H,0(OAc) 4 

II. 


In the Chinese Aster, Witt (Dissertation, 
Groningen, 1936) has shown that pigmentation 
by callistephin is recessiv e both to that by the 
corresponding pelargonidm 3 5-diglucoside and 
also to that by the more oxidised cyanidm and 
delphriudin types (see Chrysanthemiv) This 
follows the general rules of dominance put for 
ward by’ Scott-Moncneff (J. Genetics, 1936, 32, 
117), whereby the pelargonidm 3 monoxide 
pigmentation in pale salmon and coral pmk 
flowers of different species is apparently always 
the bottom recessiv e anthocy’amn ty pe. R. S -M 
CALL ITROP1C ACID. A crystalline 
acid, C 20 H J0 O., m p 263°, was extracted from 
sandarac resin by Rollett (Monatsh. 1928,50, 1) 
CALLUTANNIC ACID was obtained by 
Rochleder by alcoholic extraction of heather 
{Calluna vulgaris. Erica tulgans) followed by 
preparation of the lead salt and its decomposition 
by H 2 S ; he gave it the formula 
Ci,H 12 0 8 +H 2 0 (I) 

(Sitzungsber Akad. Wiss Wien, 1852, 0, 286: 
1866, 53, 369 ; Annalen, 1832, 84, 354). Thais 
analysis did not agree with this formula (Bct. 
1883, 16, 1502) Rochleder describes the sub- 
stance as dyeing w ool mordanted with alum deep 
yellow. A. G. Perkin and F. Newbury (P*^ c ’ 
Chem. Soc. 1899, 15, 179) state that heather 
contains the colouring matter quercetin and tna 
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a catechol tannin is present in small quantity. 
It is doubtful whether (I) has been prepared in a 
pure state. 

CALMATAMBIN, C I9 H 2g 0 I3 ,2H 2 0, m.p. 
144°, [a] D —130°, found in the bark of Canihium 
glabrijlotum Hiem. from Sierra Leone, crystal- 
lises in colourless prismatic needles. It is 
hydrolysed by mineral acids and by emulsin to 
glucose and calmatambelin, 

MeO-C 12 H 10 O 2 (OH) 5 . 

It is physiologically inactive (Pyman, J.C.S. 1907, 
91, 1228), and has not been further investigated. 

E. F.A. 

CALMONAL. Double salt of urethane and 
calcium bromide, m.p. 107°, 

(C 2 H 6 -C0 2 NH 2 ) 4 -CaBr,,2H 2 0 l 

has hypnotic properties (Gehe & Co.). 

CALOMEL. Mercurous chloride. 

CALOMELOL. A colloidal preparation of 
calomel containing 20% of albuminoids (“ U.S. 
Dispensatory,” 20th ed., p. 1300). 

CALONCOBA GLAUCA, CALON- 
COBA ECHINATA, ONCOBA WEL- 
WITSCH 1 1 . (1929, B„ 870.) Antileprosy oils 
in Brazil and the Cameroons (I’eirier, J. Pharm. 
Chim. 1929,10, [viii], 124 ; Perrott and Francois, 
Bull. Sci. Pharmacol. 1929, 36, 551). 

CALOPHYLLUM INOPHYLLUM 
Linn. A tree (Fam. Guttiferm), Alexandrian 
laurel, dilo of Fiji, and sultana champa of 
Bengal, the nuts of which yield 58% of a green, 
semi-solid oil clearing at 50°, containing the 
following acids : palmitic (14-1%), stearic 
(11-0%), erucic (3-0%), oleic (48-0%), linoleic 
(14-3%), resin acids (9-7%), together with 
unsaponifiable matter (0-25%) containing sito- 
sterol (Glasgow, J.S.C.I. 1932, 51, 172). 

CALOTYPE. A photographic process 
patented by Fox Talbot in 1841, in which 
sensitised paper containing silver iodide was 
exposed in a camera. 

CALUMBA ALKALOIDS. Calumbaroot, 
Calombm radix, is indigenous to East Africa. 
Syn. are the following terms : Jaleorhiza 
Calumba, Cocculus palmalus, Menispermum 
palmalum, Chasmanlhera palmata. The plant, 
which belongs to the Fam. Menispermacere, is 
also grown in Madagascar, Ceylon, and in the 
East Indies. Extracts of Calumba root are 
official in the British Pharmacopoeia, B.P.C., 
1934. Calumbaroot is no longer official in the 
United States Pharmacopoeia, 1936. 

Jatcorhiza Calumba contains three quaternary 
alkaloids — palmatino (I), jatrorrhizine (II), 
columbamine (III) — and two glucosides — colum- 
bin and chasmantherin. For early literature, 
see Gadamcr (Arch. Pharm. 1902, 240, 450 ; ibid. 
1006, 244, 255), Giinzel {ibid. 1906, 244, 257), 
Feist {ibid. 1907, 245, 686 with early references), 
and Feist and Sandstcde {ibid. 1918, 256, 1). The 
early history of these alkaloids is somewhat 
confusing : Giinzel (be.) isolated a base columba- 
mine, Feist (be.) found palmatine and jatrorrhi- 
zino (called jateorrhizine in earlier papers), but 
it was Spath and Dusehinsky (Ber. 1925, 58, 
[B], 1939) who showed that Gunzel’s and Feist’s 
base columbamine was really palmatine. Spath 
and Burger (Ber. 1926, 59, IB], 1486) isolated a 
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third alkaloid for which the term columbamine 
was used. References concerning columbamine 
earlier than 1926 should therefore be applied 
to palmatine. 

According to Spath and Dusehinsky (be.) tho 
roots are extracted with EtOH, the EtOH- 
residue is extracted with very dilute acid, and the 
total alkaloids precipitated with H I. The crude 
crystalline iodides are fractionated with K 2 CO s 
and KOH when (I)-iodide is left behind. The 
separation of the quaternary phenolic bases is 
difficult and they are best reduced to the 
tetrahydro-compounds with H 2 S0 4 and zinc, 
or amalgamated zinc + 30% acetic acid (Awe, 
Ber. 1934, 67, [B], 836), or zinc and acetic acid 
(Feist, Awe and Etzrodt, Arch. Pharm. 1934, 
272, 817). The crude tetrahydrobases are frac- 
tionated with HC1 ; the first fractions deposit 
a sparingly soluble hydrochloride which is con- 
verted into the free base tetrahydrojatror- 
rhizine (V). From the mother-liquors an easily 
soluble chloride was isolated and converted into 
the free base tetrahydrocolumbamine (VI). 
The total yield of crude iodides is about 4-3% 
(Feist and Dschu, Arch. Pharm. 1925, 263, 294) of 
which 2% is (I)-iodide. According to Spath and 
Dusehinsky (be.) 32 g. of the crude quaternary 
phenolic iodides yield 18 g. of the crude tetra- 
hydro mixture. The yield of (VI) is very small ; 
Spath and Burger (be.) isolated 0-52 g. from 30 g. 
crude quaternary bases. 

Palmatine (I)-iodide, C 23 H 22 0 4 N l + 2H 2 0, 
m.p. 240°, crystallises from H z O in yellow 
needles ; (I)-CI yellow needles, m.p. 205° ; 
(I)'NOj, m.p. 239°, greenish -yellow needles. 

(I) is easily reduced to rac. tetrahydropalmatine 
(IV), m.p. 144°, colourless glistening leaflets. 
(IV)-HCI is sparingly soluble. Tho d-form of 
(IV) occurs in Corydalis roots. The great 
similarity of (I) to berberine was already 
suggested by Gadamer (be.) ; like berberine (I) 
forms characteristic addition compounds with 
chloroform (greyish-yellow crystals, m.p. 189°) 
and with acetone (red-brown crystals, m.p. 143°). 

Jatrorrhizine {II)-iodide, C 20 H 20 O 1 N I + H z O, 
m.p. 210°-2II°, crystallises in reddish-yellow 
needles. (II)-CI yellow (from H 2 0) or copper 
coloured needles (from EtOH), both forms 
melting at 206° ; (II)-N0 3 glistening, golden- 
yellow needles, m.p. 225°. On reduction of 

(II) rac. (V) (m.p. 216°-217°, from alcohol) is 
obtained. 

Columbamine {III), C 20 H 20 O 4 NOH, has 
only been isolated as the rac. ietrahydro- 
derivative (VI), m.p. 223°-224° (from MeOH) 
(cf. Spath and Burger, be.). 

For the absorption spectra of the three 
alkaloids, see Feist, Awe, and Etzrodt (be.). 

Spath andPolgar (Monatsh. 1929, 52, 117) iso- 
lated (I), (II), and (III) from Berberis vulgaris. 
Gadamer, Spath, and Mosettig (Arch. Pharm. 
1927, 265, 675) found rf-(VI) in Corydalis cava. 
(II) was further isolated from Mahonia philip- 
pensis (Castro, Santos, and Valenzuela, 1933, A., 
878), (II) and (III) from Arcangelisia flava 
(Santos, 1932, A., 664), and Berberis Thunbergii 
D.C. var. Maximowiczi, Franch. (Kondo and 
Tomita, 1931, A., 242). 

Constitutions. — The constitution of (I) has 
been proved by Feist and Sandstede (be.) who by 
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permanganate oxidation obtained corydaldine 
(right part of the molecule) and ohemipinic 
acid (left part of the molecule). Gadamer’s 
suggestions (Ic.) concerning the relationship 
between (I) and berherine is now certain, (I) 13 
a base with two MeO-groupa instead of a 
metbylenedioxy-group in the 2 3-position of 
berherine. (II) (Spath and Bohm, Ber. 1922, 55, 
2985) and (III) (Spath and Burger, Ic.) were 
methylated at the phenolic OH group and thus 
converted into (I). By careful oxidation of 
(V) ethyl ether with permanganate Spath and 
Duschinsky (I.c.) obtained the methyl ethyl ether 
ofnor in hemipinicacidand7-methoxy 6 ethoxy- 
1-ke to- 1 2 3 4 tetrahydroisoquinohne, which w as 
conclusive proof that the phenolic OH group 
was in position 3. A similar oxidation of (VI)- 
ethjl ether (Spath and Burger, l e ) showed the 
phenolic OH-group of (III) to be in position 2. 

Syntheses . — Unsuccessful attempts at syn- 
theses of the tetrahydropalmatme skeleton were 
reported by Pictet and Malmovski (Ber. 1913, 
46, 2688) and by Pictet and Chou (Ber 1916, 49, 
370). Spath and Lang (Ber. 1921, 54, [B], 3064), 
starting from tetrahydroberbenne, removed the 
metbylenedioxy group with alcoholic potash 
and methylated the phenohc base with dimethyl 
sulphate. The quaternary raethosulphate was 
converted into (IV) (m p 146°-147°, no depres 
Sion with the natural product), and finally into 

(I) I (m p 240°) by oxidation with iodine solu- 
tion The yields are poor. A second synthesis 
of (I), starting from quaternary berberme 
sulphate and removing the methylenedioxy- 
group with phloroglucinol H 2 S0 4 has been 
reported by Spath and Quietcnsky (Ber. 1925, 
58, [B], 2267) The phenolic base is methylated 
with chmethylsuJphate, the yields are good 

Interesting syntheses of (IV) and of the iodide 
of (I) have been reported by Haworth, Koepfli, 
and Perkin (JCS 1927, 548); a further 
synthesis of the latter is due to Oberlin (Arch 
Pharm. 1927, 265, 271), and Osada obtained (IV) 
8tartmg with protopine (Amer Chcm Abstr 
1928, 22, 592). 

Spath and Quietensky (i.c ) methylated with 
small amounts of dimethyl sulphate the phenohc 
base obtained in their second synthesis (see aboie), 
and obtained a compound which after reduction 
yielded (V). 

In a second synthesis, [starting from r- and 
d tetrahydroberbenne Spath and Mosettig (Ber 
1927, 60, 383) obtained the r- and d forms of 
(IV), (V), and (VI). d (V) (m p 237°-238°) is 
identical with corypalmme. 

The following are the structural relations of 
the CaJumba alkaloids : 



(I) r,=r 2 =r. 

(II) R 1 =R s =R“=OMe , R 2 =OH 

(III) Rj=Rj=R 4 =OMe ; R : =OH 



(IV) Rj=R 2 =R 3 =R 4 =OMe 
(V) Rj=R 3 =R 4 =OMe ; R,=OH 
(VI) Rj=R 3 =R t =OMe ; R 1= OH 

Sell] 

CALYCANTH JNE (I) and ijo-CALY- 
CANTHINE (II) are two alkaloids occurring 
in two Cahjcanlhus species (flondus, glaucus ) and 
in Meratia prxcox (Tam. Calyeanthacea:) 
(I) was first isolated by Eccles (Proc. Amer. 
Pharm. Assoc. 1888, 84, 382); the first chemical 
investigation was undertaken by Gordin (J 
Amer. Chem. Soc. 1905, 27, 144). 

■Extraction [cf. Gordin, 1905, 1 c, and hhaslt, 
J. Amer. Chem. Soc. 1929,51, 1836): the seeds 
are first defatted by extraction with light 
petroleum, etc The alkaloid is then obtained by 
extraction with hot EtOH. After evaporation 
the residue is taken up in dilute HCI. The darl 
brown solution is carefully basified when the 
crude crystalline base separates and is recrystal 
bsed from dilute EtOH or ddute acetone (yield 
approximately 1 7-2 5%) 

Calycanthine (I), C.jHj.N. (Spath and 
Strob, Ber. 2925, 58, [B], 2131) or C 22 H 14 N 4 
(Manshe, l c. 1929), m.p. 21G°-218° or 245° (dry), 
+684 3°, crystallises with 1 mol. ofH,0 
in orthorhombic bipyramids, it is readily soluble 
in Et,0 and CHCI 3 , sparingly soluble in 
HjO, reacts alkaline to litmus and has a bitter 
taste. It probably contains two secondary 
and two tertiary N atoms. For colour reactions 
cf. Gordin (he.). The salts of (I) are mostly 
crystalline, B-2HNO,, prisms, m.p- 2O8°-209 
(from ddute HNO.) ; B-2H 2 S0 4 , silky 

needles, m.p. 184° (dry) ; B-HjSO*. m-P- 
(dry) , chloroaurate, m.p. 196° (dry) ; picrate, 
m p. 185°, yellow 6ilky needles, sparingly 
soluble H 2 0 and EtOH ; cf. Gordin (J. Amer. 
Chem Soc. 1905, 27, 1418). 

By interaction of HNO s and (I) a °i 
mtrosamine was obtained (Gordin, Ic), a 
Zerewitmoff estimation (Spath and Strob, ic) 
demonstrated two active H -atoms (two N-H 
groups) ; these findings are difficult to cone 
late with a partial formula for (I), drawn from 
Manske’s degradation experiments (CanacL J 
Re a . 1931, 4, 275). 


CH 

I 

CH 
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iso-Calycanthine (II). — Gordin (J. Amer. 
Chem.Soc. 1909,31, 1305)reportedtheisolationof 
a second alkaloid (II) from C. glaucus. Although 
there is no reason for questioning the existence 
of (II), Gordin’s first starting material, from 
which he isolated (I), must have been C. fioridus, 
(I) and (II) have never been found together, 
(I) is obtained from C. fioridus and Meralia 
pr.xcox, and (II) from C.fertilis ( 0 . glaucus). 

(II) forms thick prisms, melting at 235°-236°, 
[a]“ +697-9°, soluble in acetone, CHCI 3 , and 
hot EtOH, sparingly soluble in Et,0, cold 
EtOH, or benzene. The salts are mostly 
crystalline. 

(I) and (II) are very toxic ; 10 mg. produce 
strychnine-like convulsions in a frog, lethal dose 
for rabbits 20 mg. per kg. body weight, death 
from paralysis of respiration (c/. Cushny, Arch, 
intern, do pharmac. et de therapie, 15, 487). 
From the leaves of G. fioridus, Mirande (Compt. 
rend. 1912, 155, 783) has isolated small amounts 
of prussic acid ; Scalione (Ind. Eng. Chem. 1916, 
8, 729) has found trimethylamine in the leaves of 
C. occidcntalis. For constituents of the volatile 
oil of G. fioridus, see Miller, Taylor and Eskew 
(J. Amer. Chem. Soc. 1914, 36, 2182). Sell]. 

CAMBOGIA or GAMBOGE. An orange 
red gum resin obtained from Garcinia Hanburyi, 
Hook (Fam. Guttifer®) growing in Camboja, 
Siam and Cochin China. Indian gamboge is 
obtained from G. morella Dcsrouss. Used as a 
purgative and also as a pigment. 

CAMELINE OIL, DODDER OIL, or 
GERMAN SESAME OIL, is obtained from 
the seeds of Camelina saliva L. Fr. (Fam. Cruci- 
fer®). Several centuries ago the cultivation of 
cameline was of considerable importance in 
Germany, but it is now only grown on a 
small scale in Central Europe and Russia. 
The seed contains 30-40% of oil, which is golden- 
yellow in colour and has a pungent taste and 
smoll. It is a semi-drying oil, on exposure 
to air it dries slowly and on boiling with 
litharge or manganese salts it yields a 
slowly drying varnish. The cold-pressed oil is 
used for edible purposes in Russia ; the hot- 
pressed grades are used for soap-making on the 
Continent. 

The properties of the oil are as follows : 
d 15 , 0-920-0-927 ; f.p. -15° to -19°C. ; saponi- 
fication value 185-188 ; iodine value 133-154 
(the higher iodine values arc found for oils 
from colder regions, c.g. North Russia, cf. Ivanow, 
Chem. UmBchau, 1930, 37, 349 ; Boekenoogcn, 
Fettchem. Umschau, 1933, 40, 55 ; Heller, 
Angew. Chem. 1933, 46, 441) ; unsaponifiable 
matter 1-16% (one sample, Grimme, Chem. Rev. 
1912, 19, 102) ; m.p. of fatty acids, 18°-20°C., 
mean molecular weight of fatty acids, 296-3. 
The latter figure and low saponification value 
of the oil suggest that the oil may contain erucic 
acid. Tho presence of small amounts of this 
acid, and of linolenic acid, together with oleic, 
linolic, and saturated acids (about 10% ?) in 
cameline oil is reported by Bockenoogen 
(privato communication). J. L. and E. L. 

CAMPEACHY WOOD. Logwood. 

CAMPHANIC ACID. The lactone of 
hydroxy-camphoric acid ( v , Camphor). 


CAMPHENE. 

H 2 C CH — CMe a 

I CH, 

I I 

H 2 C CH C:CH 2 

The dicyclic hydrocarbon, camphene, Ci 0 H le , 
is crystalline, and it has therefore been obtained 
pure and free from isomerides. It occurs fairly 
widely distributed in nature both in the optically 
active and inactive forms. i-Camphene is 
probably most conveniently obtained from the 
oil of Abies Sibirica. The optically active and 
inactive forms have approximately the Bame 
melting-points and the following constants have 
been recorded : m.p. 51°-52°, b.p. 158-15°- 
158-5°/760 mm., d™ 0-84224, n® 4 1-5514, 

[a] D +103-89°, —85-9° (in ether). The hydro- 
carbon can be identified by its melting-point, by 
its conversion with the Bertram-Walbaum 
reagent into tsoborncol, and by its oxidation in 
acetic acid solution to camplienilone. 

Camphene was prepared in the laboratory 
prior to its isolation from natural sources. It 
is formed when hydrogen chloride is removed 
from bornyl or iaobornyl chlorides, this reaction 
having been investigated as far back as 1831 by 
Oppermann(Pogg.Ann. 1831,22, 193). The most 
suitable conditions for the conversion of bornyl 
chloride into camphene have been carefully 
studied in view of its importance as a stage in 
the manufacture of “ synthetic ” camphor. 

Owing to tho facility with which camphene 
undergoes molecular rearrangements and the 
somewhat abnormal results obtained on oxida- 
tion with potassium permanganate in alkaline 
solution, the determination of the structure of 
camphene has afforded considerable difficulty. 
The constitution (I) now assigned to it was first 
suggested by Wagner (J. Russ. Phys. Chem. Soc. 
1899, 31, 680) and proof is furnished by the 
following facts : (i) on ozonolysis it yields 
formaldehyde, camphenilone (II), and the 
lactone (III), the latter being a secondary product 
formed by the reactions indicated below 
(Harries and Palmen, Ber. 1910, 43, 1432) -. 


H 2 C— CH— CMe 2 H,C— CH— CMe, 


CH, 


CH, 


H 2 C— CH— C:CH 2 H 2 C— CH— C— CH 2 

\ / 

L O, 


H 2 C— CH— CMe, 

I 

CH 2 

. I 
H,C— CH— CO 

II. 


H 2 C— CH— CMe, 


CH, 


, . I I A 

H 2 C— CH— C< 


H,C— CH-CMe, 


CH, O 


H 2 C— CH— CO 
HI. 
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and (u) bj the oxidation of the condensation 
product (IV) of camphene with ethyl diazo- 
acetate to eyc/opropane-1 : 1 : 2 tricarboxylic acid 
(V) which establishes the exoeylic ethylemc 
linkage. ’ 

H,C — CH — CMe, 

1 I i 

CH. 


1 I 

H.C-CH- 


-C— CH, 

\/ 

C(CO,Et), 

IV. 


HO,C— CH— CH, 

C(CO,H), 

V. 


Whilst the oxidation of camphene with potas- 
sium permanganate in acetic acid yields cam 
phenxJone (II), in alkaline solution the dibasic 
acid, camphentc and (X) is obtained, the for- 
mation of which suggests that camphene should 
be represented by the structure (IX). This hydro- 
carbon, end ocamphene, was prepared by Iapp, 
Gotzen, and Reinartz (Annalen, 1927, 453, I) 
from oi bromocampkene (VI), which on treat- 
ment with alkali gives h omoca mpken done 
(VII). Reduction of the ketone with sodium 
and alcohol yields the alcohol homocam- 
phenxlol (Vm), from which by dehydration 
endocamphene is obtained. 

H,C— CH— CMe, H,C— CH— CMe, 


CH. ! -I 

I I 

CH— C.CH, 


CH, 

I I I 

H,C — CH — C:CHBr 


H,C— CH— CMe, H,C— CH— CMe, 

,11 Ml 

CH, CH, -> CH, CH, 


H,C— CH— CMe, 

i ^ H * l 

H,C — CH — C(OH)CO,H 
XI. 

H,C— CH— CMe, 

I I I 

- | CH, CO -* (X) 

H,C— CH— CO 
v XII. 

Camphene has been prepared synthetically 
| by the action of magnesium methyl iodide oa 
camphemlone (II), the tertiary alcohol, methyl 
1 campheniiol or camphene hydrate (XIII), giving 
on dehydration camphene (I). 

H,C— CH— CMe, 

i I I 

CH, 

1 J 1 

H,C— CH— CO 
II. 

H,C— CH— CMe, 

- . | CH, | (I) 

H,C — CH — C(OH)Me 

xm. 

Other methods for the preparation of cam- 
phene are (i) the dehydration of bomeol and uo 
bomeol, (u) the action of acetic anhydride on 
bornylamine. 

On oxidation with chromic acid camphene 
yields camphor (XV) (Armstrong and Tildea, 
Ber. 1879, 12, 1756 ; Kachler and Spitzer, 
Annalen, 1880, 200, 359). This reaction in 
voices a Wagner Meerwein rearrangement and 
it is possible that camphene hydrate (X III ) is 
first formed, which tautomenses to homed (or 
lsohorrwoi) (XIV), the latter then being oxidised 
to camphor. 


H,C — CH — do, H,C— CH- 


I— CH-C 


H,C— CH— CMe, 

| I 

CH, 


, in 


-Ah4 

IX. 


H,C— CH— CMe, 

I I I 

CH, CO,H 
H,C— CH— CO,H 

X. 


The oxidation of camphene to eamphenic 
acid, which occurs only in the presence of alkali 
(Langlois, Ann. Chim. 1919, [uc], 12, 301), is due 
to the rearrangement of the primary oxidation 
product, camphenylic and (XI) into e arbo- 
camphendone (XII), which is then further 
oxidised to camphemc acid. 


H,C— CMe— CH-OH 

I I I 

I CMe, 

III 

H,C— CH CH, 

XIV. 


H,C — CMe— CO 

I U I 

h,c— Ah — ch, 
XV. 


This method has been used fot the manufacture 
of “ synthetic ’’ camphor ; for fuller particular* 
see Camphor, Synthetic, p. 249. 

The oxidation of camphene with nitric acid 
has been studied by Riban (Ber. 1878,11.391). 
Armstrong and Tilden (iftnf. 1879, 12, 1756). 
Marsh and Gardner (J.C.S. 1891, 59, 648), *bA 
by Komppa (Ber. 1901, 34, 2472 ; 1908, «. 
2747 ; 1911, 44, 863, 1536 ; Annalen, 1905. 
366, 71 ; 368, 126). and it has been shown to 
proceed in accordance with the following 
scheme : 
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H 2 C— CH— CMe, H 2 C — CH — CMe 2 


■ 1 

I C \ H 2 

. i 

- 1 ‘f" 2 

,C— CH— C 

C:CH 2 H 2 C— CH— C 


OH 

CH. 

(Camphene glycol) 


ch 2 -oh 


H 2 C — C H — C M e 2 


CH„ 

1 I / 

HoC— CH— C( 


OH 


co 2 h 

(Camphenylic acid) 

HjC-CH-CMe, H,C-CH-CMe s 


1 

1 CH 2 

- ■ Ah. 

j ; 2 

1 1 

C c 

:co„H H,C — j c 


CH-OH 


H 2 C— CH— CH 2 


j CMe, 
H,C — C CO 


co 2 h 


CO 

HX— CHCO„H 

‘ I 

CMe 2 

H.C-C-CO.H 


COoH 

(Carboxyopocaraphoric 

acid) 

h 2 c— chco 2 h 

I CMe, 


H 2 C— CH-COjH 

(npoCamphoric acid) 


have been studied by Langlois (l.c.) and also 
by Lipp and bis collaborators (J. pr. Chein. 1922, 
[ii], 105, 50 ,- Annalen, 1927, 453, 1). 

As was first observed by Berthelot (Annalen, 
1859, 110, 367) camphene on treatment with 
hydrogen chloride yields isobornyl chloride. 
This important reaction has since been studied 
in great detail and the experiments of Aschan 
(Annalen, 1911, 383 , 7) and more especially of 
Meerwein and Emster (Ber. 1920, 53 , [B], 1815 ; 
1922, 55, [B], 2500) have shown that a mixture of 
isobomyl chloride and camphene hydrochloride , 
m.p. 125°-127°, is formed, when camphene is 
treated with hydrogen chloride in methyl 
alcoholic or ethereal solution. The latter hydro- 
chloride which is extremely unstable, is tauto- 
meric with bornyl and isobomyl chlorides. The 
percentage of camphene hydrochloride in the 
mixture can be readijy estimated by taking 
advantage of the fact that it can be titrated like 
free hydrochloric acid. 

a>-Nitrocamphene, 1-, m.p. 84°-85°, dl-, 
m.p. 64°, known also as camphenilic nitrite, can 
be readily prepared by the action of oxides of 
nitrogen on camphene (Jagelki, Ber. 1899, 32 , 
1498 ; Lipp, Annalen, 1911, 382 , 291 ; 1913, 
399 , 241 ; 1914, 402 , 343 ; Blaise and Blanc, 
Comp. rend. 1899, 139 , 886 ; Bull Soc. chim. 
1900, [iii], 23 , 164). It yields on treatment with 
alkali camphenilone. Two further nitro-eam- 
phenes have been prepared (Forster, J.C.S. 
1899, 75, 1144 ; Nametkin and Zabroda, 
Annalen, 1925, 441 , 181). The second of these, 
b.p. 119°-119-5°, prepared by the action of 
nitric acid on tricyclene (XIX) is probably repre- 
sented by (XX), but the constitution of Forster’s 
nitrocamphene, m.p. 56°, obtained by the action 
of silver nitrate on 2-bromo-2-nitrocamphane is 
not known. 


w-Chlorocamphene (XVI), b.p. 95 0 -98°/15 mm., 
has been prepared by Langlois (Ann. Chim. 
1919, [ix], 12, 193) by the action of chlorine on 
camphene, whilst two stereoisomeric a-chloro- 
camphenes (XVII), m.p. 20°, b.p. 193°-I97°, 
and m.p. 123°-129°, b.p. 194°-200°, have been 
obtained by Meerwein and Wortmann (Annalen, 
1923, 435, 194) from a-dichlorocamphane (XVIII) 
prepared by the action of phosphorus penta- 
chloride on camphor. 

H 2 C— CMe— CCI 

j CMe 2 

H 2 C— CH — CHj 
XVIII. 


HX — CH — CMe, 


! CH, 

I I ‘ I 

HX-CH-C: 

XVI. 


CHCI 


C:CH„ 


HC- 


-CHC 1 


Potassium 


acetate 


CMe. 

I ‘ 

HX — CH— CH, 

XVII. 


( u-Bromocamphcnc , which is an oil, was first 
prepared by Wnllach (Annalen, 1SS5, 230, 235) 
by the bromination of camphene. Its reactions 


CMe 



CMe 2 

i i 

H 2 C CH— CH 2 

XIX. 


HC- 


C:CH 2 

CH-NO, 


CMe, 

' I 

H 2 C CH-CH, 

XX. 


The hydration of camphene with acetic-sul- 
phuric acid mixture (Bertram and Walbaum, J. 
pr. Chem. 1 894, [ ii), 49 , 8) yields mainly isoborneol 
with some borneol. This is the normal product 
of the hydration and it occurs with the majority 
of hydrating reagents. Since it forms an inter- 
mediate stage in the manufacture of “ synthetic ” 
camphor the reaction has been studied in great 
detail and it forms the subject of numerous 
patents. If, however, camphene is hydrated in 
ethereal solution with Aschan’s reagent “ diethyl 
oxonium sulphate ” (prepared by treating ether 
with monohydrate) it yields camphene hydrate, 
m.p. 150°-151° ; plienylurelhane, m.p. 89° 
(Aschan, Medd. K. Vetenskapsakad. Nobel- 
Inst, 1919, 5, No. 8, 19). This alcohol is 
obtained also by the action of milk of lime on 
either bornyl chloride or camphene hydro- 
chloride (Aschan, Ber. 1908, 41 , 1092). A 
stereoisomeric alcohol, m.p. 117°-118° ; phenyl- 
urethane, m.p. 126°, was prepared by Moycho 
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and ZienkowsLi (Annalen, 1905, 340, 58) by 
the action of magnesium methyl iodide on 
campbemlone. As has been shown by Jleerwein 
and his collaborators (Annalen, 1923, 435, 174 ; 
1927, 453, 16) boraeol, tjobomeol, and camphcne 
hydrate, like the related chlorides, are tauto- 
merides. J. L. S. 

CAM PH EN 1LON E. 

CH t — CH — CMe. 


secondary alcohol, camphenilol (VII). Two 
stereoisomenc <11 forms of this alconol have been 
described, m.p. 91-5°-92° and 74°-75° respec- 
tively (G. Komppa and Beckmann, Annalen, 
1936, 522, 137) , the related optically active 
isomendes have m p. 76°, [o] D —23 0°, and m p, 
9S°-101°, [o]d +33 3°. They were prepared from 
l camphene (Huckel and Tappe, Ber. 1936, 
69, [B], 2770). 

CH,— CH— CMe, CH,— CH— CMe, 


CH,— CH— CO 

The ketone camphemlone, C,H u O, does not 
occur m nature, dl Camphendone has m p. 38°, 
b.p. 195°, d 38 0 9705, n D 1-469, semicarbaione, 
m.p 224°, oxime, m p. 41°-42°. Both optically 
active modifications have been prepared ; d-, 
m p. 41°-42°, [o]q S +3005 (in alcohol) , I,' 
m.p. 39°, b p. 193°/760 mm., [o] D -60 S® (in 
benzene) (Aschan, Annalen, 1915, 410, 223 , 
Huckel and Tappe, Ber. 1936, 69, B, 2770) 

The ketone (I) can be prepared by the oxida . 
tion of camphene (II) (Blaise and Blanc, Bull 
Soc chim. 1900, (uij, 23, 173) or by the oxidation 
of w nitrocamphene (III) with potassium per 
inanganate (Jagelki, Ber 1890, 32, 1498 , 
Komppa and Hintikka, Annalen, 1912, 387, 
294). 

CH,— CH— CMe, CH,— CH— CMe, 


I I I I I I 

CH,— CH— C:CH, CH,— CH— CO 

II. I. 


CH,— CH— CMe, 
CH, t 


<k_, 


CH— C.CH NO, 
III. 


CH,- CH— CMe, 

i 

CH,— CH— CO/ 

IV. 


CH,— CH— CH, 

! H 

CH,— CH— CO 
V. 


CH,— CH— CMe, 

| «j H ,| 

CH,— CH— CH CC 
VI. 


The ketone ha3 been synthesised by G, Komppa 
and Hintikka (Ber. 1914, 47, 1550) by the dis 
t illation of the lead salt of camphemc acid (IV), 
by Diels and Alder (Annalen, 1926, 470, 63 ; 
1931, 486. 202) by the methylation of nor- 
camphor (V) and by G. Komppa and O Komppa 
(Ber. 1936, 69, 2G0G) from tsocamphemlanic acid 
(VI) through camphenylamine and camphenilol. 

On reduction camphemlone yields the 


CH, CH, 

I I 

CH,— CH— CH OH CH,— CH— CHC1 

VII. VIII. 

By the action of phosphorus pentachlonde on 

the alcohol camphemlyl chloride (VIII), m p. 54®, 
b.p 70®-76°/15 mm., is obtained, which is, 
however, not homogeneous 

The dehydration of camphenilol or the removal 
of hydrogen chlonde from camphemlyl chloride 
yields a complex mixture of hydrocarbons, in 
which santene predominates, apocy dene and 
apobomylene being formed also (Hintikka and 
Komppa, Bull. Soc. chim. 1917, [jvJ, 21, 14 , 
Snitter, Bull. Inst Pin, 1933, 178, 200 ; Gratton 
and Simonsen, J C S. 1935, 1621 ; Komppa and 
Beckmann. Annalen, 1936, 522, 137 ; lapp and 
Darnels, Ber. 1936, 69, [BJ, 1813, 2251). J. L. S. 

CAMPHENOL v. Carvenone. 

CAMPHOCHOL. A molecular compound 
of camphor and apochobc acid (Rheinboldtel al. 
Z. physio) Chem. 1929, 184, 219) 

CAM P H O L. A name for synthetic borneol 
(Bert helot, Ann Chim. 1859, [ml, 56, 51). 

CAMPHOR. 

H 2 C— CMe— CO 
| CMe, | 

H r C — CH CH X 

The dicyclic ketone camphor, C J0 H l6 O, does 
not occur very widely distributed m nature. 
d-Camphor occurs in the tree Ctnnamomum 
camphora Nees and this forms the main source 
of the natural ketone. Camphor occurs m all 
parts of the tree, but mainly in the trunk. The 
most extensn e forests of C. camphora are found 
m Formosa, where the production of camphor 
is a government monopoly ; the tree has, 
however, been cultivated in various other tropical 
and semi tropical countries. No large industry 
has, however, been developed. /-Camphor u 
found in the oil from Blumea baUamtfera and 
in that from Artemisia Iridentata typica (Adams 
and Oakberg, J. Amer. Chem. Soc. 1934, 56, 
457), and dt- camphor in the oil from Chrys- 
anthemum stnense, var. japontca. 

Camphor has a characteristic odour, crystal- 
lises m thin plates, and sublimes readily at room 
temperature. The d- and l - forms of camphor 
melt at 178 5M79®, [o] D ±44-22® (in alcohol 
e=20), the rotatory power varies very greatly 
with the nature of the solvent and the con- 
centration. dl-Camphor has mp. 178®-1785 , 
b.p, 209°/ 759 mm., dj 1 000. Camphor can be 
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identified by the preparation of the oxime, 
m.p, 119-5° or the sernicarbazone, m.p. 245°. 
The d-, I-, and <//-forms of camphor, and also 
their derivatives, differ as a rule little in melting- 
points, one notable exception being the phenyl - 
semicarbazoncs, where the d- and /-forms have 
m.p. 153°-154°, and the dl-, m.p. 171-5°-172-5°. 
In the absence of other carbonyl derivatives 
camphor can be estimated quantitatively by 
the preparation of its sparingly soluble 2:4- 
dinilrophenylhydrazone, m.p. 175°. 

Frequent mention of camphor, which early 
found employment in medicine, is found in 
alchemical literature. Its composition and 
molecular weight were first correctly deter- 
mined by Dumas (Annalen, 1833, 6, 245), and 
since that time no natural substance has formed 
the subject of such intensive study. (For an 
account of early work on camphor, see Aschan, 
"Die Constitution dcs Camphers und seiner 
wichtigsten Derivative,” Braunschweig, 1903). 

Camphor on oxidation gives a dibasic acid, 
camphoric acid, C 10 H 16 O 4 , and the structure (I) 
now accepted for camphor is based upon that 
suggested for camphoric acid (II) by Brcdt in 
1893. 


H,C CMe-CO 

' I 

CMe, 


H„C CMe-C0 2 H 

CMe 2 


HjC CH CH 2 

I. 


HX CH-COjH 

II. 


Camphoric acid can exist in cis- and trans- 
forms. It is only the cis- form, which has the 
carboxyl groups on the same side of the plane 
of the ring, that is related to camphor. The 
more important evidence in support of the 
formulm suggested for these two substances 
may be briefly summarised under the following 
heads : (i) both camphor and camphoric acid 
are saturated substances, and they must there- 
fore be dicyclic and monocylic respectively ; 
(ii) camphor and camphoric acid arc optically 
active and they must therefore contain at least 
one centre of asymmetry ; (iii) camphor is a 
ketone, since it forms an oxime and can be 
reduced to a secondary alcohol ; (iv) camphor 
must contain the grouping — CO — CH 2 — since 
it gives an hydroxymethylcne derivative and 
yields on oxidation a dibasic acid, camphoric 
acid, in which the two carboxyl groups arc not 
similarly situated ; (v) oxidation of camphor 
or of camphoric acid with nitric acid gives 
camphoronic acid, C D H 14 0 6 , shown by Perkin 
and Thorpe’s synthesis (J.C.S. 1897, 71, 1189) 
to bo represented by (III). From this it follows 
that camphor and camphoric acid must contain 


HX CH-CO„H 

I 

CMe, 

! 

h 2 c — chxo 2 h 

V. 

the carbon skeleton (IV) ; (vi) the sodium 
derivative of camphor gives with cyanogen, 
cyanocamphor, C 10 H 15 O-CN, yielding on hy- 
drolysis homocamphoric acid, C 8 H 16 (C0 2 H) 2 . 
This acid must be a derivative of either glutaric 
or adipic acid, since distillation of its calcium 
salt gives the ketone camphor ; (vii) direct 
proof of the presence of the cyclopentane ring 
is furnished by the oxidation of bornyl chloride 
to apocamphoric acid (V) synthesised by Komppa 
(Ber. 1901, 34, 2472). 

The reactions outlined above can be explained 
readily on the Bredt formula; (I) and (II), and 
the structure for camphoric acid has been con- 
firmed by its synthesis practically simul- 
taneously by Komppa (Ber. 1903, 36, 4332 ; 
Annalen, 1909, 370, 225) and by Perkin and 
Thorpe (J.C.S. 1904, 85, 146 ; 1906, 89, 799). 
These two syntheses are outlined in the schemes 
set out below : 

Komppa. 

CO, Me H 2 C-CO„Me OC— CH-C0 2 Me 

, I " ; I 

| 4- CMe 2 — >■ j CMe 2 

C0 2 Me H.C-COjMe OC— CH-C0 2 Me 

OC— CMe-C0 2 Me H 2 C— CMeC0 2 Me 


-*■ | CMe 2 


CMe 2 


OC— CH-CO,Me HX— CH-CO„Me 


Perkin and Thorpe. 

ho 2 c h 2 c co 2 h 

! I 

CMe, 

! I 

HX— CH'CO.H 
H,C CMe— O 

! I 

-* CMe, 

! I 

H 2 c CH • CO 

H 2 C — CMeXN 

. I 

-> | CMe, ~> 

1 I 

HX— CH-CO z H 


CO 

I 

CMe, 

I 

CH CO„H 
H 2 C— CMeBr 

1 I 

CMe. 

I I ‘ 

H 2 C— CH-CO,H 

H 2 C— CMe CO,H 

I I 

| CMe, 

H 2 C — CH’CO.H 


HX— 

i 

h 2 c— 


HX CMe-CO, H 


HOX 


J 

A 


Me, 

0„H 


III. 

Vol. II.— 10 


-c- 



CMe, 

I I ‘ 

•c — c- 
IV. 


The camphoric acid so obtained was optically 
inactive, but it was readily resolved into the 
two enantiomorphs, d- and /-camphoric acids, 
identical with those obtained by the oxidation 
of d- and /-camphor. 

As mentioned above, camphor can be pre- 
pared by the distillation of the calcium salt of 
homocamphoric acid (VII), obtained from 
camphoric anhydride (VI) by- the reactions given 
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below, first carried out by Haller (Compt. rend 
I8S9, 109, 68, 112 ; 1896, 122, 440). 


H.C — CM e — CO 

I 


CMe 2 


)° 

HjC — CH CO 

VI. 


H*C — CMe CO 

I * \ 

I CMe, }o 

I 

H*C— CHCH* 

Cainpliolulc 


HjC-CMeCO.H 

KCN | 

— »- CMe, 


HC=CMe 

t CMe, CHO 

I I / 

H,C— CH— CH 2 
VIII. 


H„C— CMe CO 

| CMeAo 

H 2 C— CH-CHj 

IX. 


H„C— CMe— CO 


OC— CH — CH* 
X. 


H*C— CH CH* CN 

H,C— CMe-CO.H H.C-CMe-CO 

I I 'll 

-*■ 1 CMe, -> i CMe, 

II III 

H*C— CH CH. COjH H*C— CH CH* 

VII. 

Although camphor has two centres of asym- 
metry, as was first pointed out by Aschan 
(Annalen, 1901, 316, 212), both these are 
occasioned by the carbonyl group, and camphor 
can therefore only give two optically active- 
forms. This is confirmed by the fact that the 
saturated hydrocarbon, camphane, derived 
from camphor, is optically inactive 

Camphor is of very great technical importance, 
being used largely, inter alia, m the manufacture 
of celluloid, plasties, smokeless powders, and 
medicinal products Since the natural product 
is limited in quantity camphor is now manu 
factured on a considerable scale from pinene 
The subject of the manufacture of “ synthetic ” 
camphor is dealt with elsewhere One of the 
mam processes involves the follow mg senes of 
reactions . 

Pinene -> Bora} 1 chloride -► Camphene 

-»■ tsoBorneol ->■ Camphor 
On reduction camphor gives the secondary 
alcohols bomeol and isobomeol With a 
platinum black catalyst Vavon and Peignier 
(Compt. rend 1925, 181, 184) found the product | 
to be nearly pure tsoborneol, prolonged treat ! 
ment giving camphane With a nickel oxide 
catalyst at 320°-350 a , using high pressuies, a 
mixture of bomeol and isobomeol results, whilst 
with an alumina nickel oxide catalyst these 
alcohols are accompanied by taocamphane 
(Ipatiev, Ber. 1912, 45, 3206). The hydro- 
carbon is evidently formed by the dehydration 
of the alcohols to camphene followed by hydro- 
genation. 

Camphor is fairly resistant to the action of! 
oxidising agents. In alcoholic solution it isj 
oxidised by the air in sunlight to a camphden - : 
aldehyde (VIII) and other substances (Ciamician 
and Silber, Ber. 1910, 43, 1341). With Caro’s 
reagent a camphohde (IX) and a lactone, 

' £ obtained (Baeyer and Villiger, 

Ber. 1899, 32, 3625 ; Locqum, Compt. rend. 
1911, 153, 284). In the presence ol mineral 
acids chromic acid oxidises camphor to cam 
phoronie and tso-camphoromc acids (Kaehler, 


Ber 1880, 13, 487), but in their absence the 
diketone p diketocamphane (X) is obtained 
(Bredt, J. pr. Chem. 1923, [u], 106, 336). With 
potassium permanganate m alkaline solution or 
with potassium femeyanide camphoric acid 
results and this acid, together with camphoronic, 
isoeamphoronic, trimethyl- and dimethyl-suc- 
cinic acids, is obtained by the action of nitric 
acid (Grosser, Ber. 1881, 14, 2507 ; fitard, 
Compt. rend. 1900, 130, 570 ; Bredt, Ber. 1893, 
26, 3047) 

The action of dehydrating agents on camphor 
results as a rule in the formation of monocyclic 
derivatives, ring fission occurring generally 
between the 1 and 7 carbon atoms of the 
camphor molecule. Thus with phosphorus 
pentoxide camphor yields p cymene (Dumas 
and P^hgot, Compt. rend. 1836, 4, 406 ; Kekulfi 
and Pott, Ber I860, 2, 121 ; Armstrong and 
Miller, ibid. 1883, 16, 2259). With zinc chloride 
p cymene, 2 2 dimethyl 4-ethylbenzene and 
I 2 3 5-tetramethylbenzene and carvacrol are 
produced (Armstrong and Miller), whilst the 
phenol is formed also by the action of iodine 
(Claus, Annalen, 1 842, 44, 301 ; J. pr. Chem. 
1843, [i], 25, 264 ; Fleischer and Kekul£, Ber. 
1873, 6, 935 , Armstrong and Easkill, ibid. 1878, 
11, 151). With concentrated sulphuric acid a 
mixture of 3 4 dimethylacetophenone and carve 
none is obtained (Armstrong and Kipping, J.C S. 
1893, 63, 75 ; Bredt, Rochussen, and Monheim, 
Annalen, 1901, 314, 376). With phosphorus 
pentaclilonde similar degradation to p cymene 
and carvacrol may occur, but Meerwem and 
Wortmann (Annalen, 1923, 436, 190) have shown 
that under suitable conditions a camphor di- 
chlonde, 2.2 '-dichlorocamphane, m p. l46°-148°, 
(XI) is obtained, which m the presence, of 
6tannous chloride in toluene solution isomerises 
to 2:10 dichlorocamphane, m.p. 178°-179° (XII). 


H*C CMe — CCI* 

j ^Me* | 

H.C CH CH* 


CH*CI 

H*C C— CHC1 

j CMe* | 

H*C CH-CH, 

XII. 


Camphor reacts readily with sodium or sodamide 
to give sodiocamphor (Bruhl, Ber. 1903, 36, 
1305 ; 1904, 37, 2171), some reduction to bomeol 
and isobomeol occurring during its formation. 
Sodiocamphor reacts with carbon dioxide to give 
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camphor -carboxylic acid [XIII], m.p. I27°-128°, 
[a] D ± 18° (Baubigny, Ann. Chim. 1870, [iv], 19, 
221 ; Bredt and Sandkuhi, Annalen, 1909,369, 11). 
The acid is formed also from a-bromocamphor 
by the Grignard reaction (Zelinski, Ber. 1903, 36 
308 ; Briihl, ibid. 688 ; Malmgren, ibid. 2622). 
When reduced electrolytically (Bredt, Scheen, 
and Quaritsch, Annalen, 1906, 348, 199 ; Bredt 
and Sandkuhi, ibid. 1909, 366, 16 ; J. pr. Chem. 
1922, [ii], 104, 1 ; Bredt, Drouven, Schumann, 
and Scholl, ibid. 1931, [ii], 131, 132) it yields a 
mixture of cis- and trans-borneolcarbozylic acids 
(XIV), cis-, m.p. 101°-102° (dl-, m.p. 129°- 
130°) ; trans-, m.p. 171° (dl-, m.p. 144°-145°), 
which both give on dehydration bornylenecar- 
boxylic acid (XV) . The hydroxy-acids are highly 

H,C CMe — CO 

I 

CMe, 

I 

H 2 C CH CH-C0 2 H 

XIII. 

H„C CMe-CH-OH 

I 

CMe, 

I 

H 2 C CH CH-COjH 

XIV. 


H 2 C CMe— CH 

I 

CMe 2 


H 2 C CH CCO,H 

XV. 


reactive and undergo a number of interesting 
molecular rearrangements. Cyanocamphor, m.p. 
127°-128°, [o] D +12-16°, was prepared by Haller 
(Compt. rend. 1878, 87, 843) by the action of 
cyanogen or cyanogen chloride on sodiocamphor. 
It can bo prepared also more conveniently by 
the action of hydroxylamine on hydroxy- 
methylenecamphor (Bishop, Claisen, and Sin- 
clair, Annalen, 1894, 281, 349). It yields homo- 
camphoric acid on prolonged hydrolysis with 
alkali. Alkyl derivatives of camphor, a-mdhyl- 
camphor, m.p. 38°, [a] D +30°, are prepared by the 
action of alkyl halides on sodiocamphor or by 
heating the alkyl camphorcarboxylic acids ; 
dialkyl derivatives have also been described 
(Haller and Bauer, Ann. Chim. 1917, [ix]; 8, 
117 ; Haller and Louvrier, ibid. 1918, [Lx], 9, 
190). By the action of amyl formate on sodio- 
camphor, Bishop, Claisen, and Sinclair (Annalen, 
1894, 281, 330), prepared hydroxymethylene- 
camphor, m.p. 81°. The structure of this sub- 
stanco has been discussed by Pope and Read 
(J.C.S. 1909, 95, 175), and by Singh and Bhad- 
uri (J. Indian Chem.’ Soc. 1930, 7, 771). It 
condenses readily with bases to give products of 
the general formula (XVI) from which the base 
can be regenerated by the action of bromine 
(Pope and Read, J.C.S. 1912, 101, 2337 ; 1913, 
103, 444). By the action of acetyl chloride or 


CO 


C 8 H h , 


C:CHNR 2 

XVI. 


CO 



C:C(OH)Me 

XVII. 


acetic anhydride on sodiocamphor, acetylcamphor, 
b.p. 118°-118-5711-2 mm., has been prepared 
which probably consists mainly of the enolic 
form (XVII). Benzoyhamphor has been obtained 
in both enolic and ketonic forms (Forster, J.C.S. 
1901, 79, 991 ; 1903, 83, 98). These mutarotate 
in solution, enolic form m.p. 89-5°, [a] D +331°, 
ke to form m.p. 112°, [a] D +152°, a final value 
[ajD+258 6 , in alcohol (Lowry, MacConkey, and 
Burgess, ibid. 1928, 1333). 

Derivatives of Camphor. 

System of numbering : 


8 CIO 



9 |7 8 

C— C— C 


c c C a 

5 4 3 


Gamphoroxime, d- and 1-, m-p. 119°, [a] D 
—42-40°, +41-7°; dl-, m.p. 118°, is most readily 
prepared by the method of Auwers (Ber. 1899, 
22, 605). It can be hydrolysed to camphor with 
formaldehyde and hydrochloric acid (Lapworth, 
J.C.S. 1907, 91, 1132). When reduced with 
sodium and alcohol a mixture of bornylamine, 
m.p. 163°, [a],, +45-5°, and neo bornylamine, 
m.p. 183°, [a] D -43-7°, is obtained (Leuckart 
and Bach, Ber. 1887, 20, 111 ; Forster, J.C.S. 
1898, 73, 370 ; Konovalov, J. Russ. Phys. 
Chem. 1901, 33, 46). When camphoroxime is 
digested with mineral acidB or acid chlorides it 
undergoes the Beckmann rearrangement and 
gives a mixture of a-campholenonitrile, a- 
campholenoamide, a-campholenic acid, /3-cam- 
pholenonitrile, /J - campholenoamide, ji - cam- 
pholenic acid, anddihydro-jS-campholenolactone, 
depending upon the conditions used (Naegeli, 
Ber. 1884, 17, 805 ; Goldschmidt and Schmidt, 
ibid. 2071 ; Tiemann, ibid. 1896, 29, 3007 ; 
1897, 30, 243, 328 ; Behai, Bull. Soc. chim. 
1895, 13, 837 ; Konovalov, J. Russ. Phys. 
Chem. 1901, 33, 46). The primary product of 
the reaction is a-campholenonitrile (I), b.p. 
226°-227°, [a] D +7-3°, which can be hydrolysed 
through the amide, m.p. 130-5°, [a] D —4-9°, to 
the acid, b.p. 142°-144°/10 mm., [a] D +9-37°. 
a-Campholenonitrile' readily isomerises when 
heated with mineral acids to fi-campholenonilrile 
(II), b.p. 225° amide, m.p. 86°, acid, m.p. 52°. 
Both acids lose carbon dioxide when heated to 
give the hydrocarbon, campholene (III), b.p. 
134°/758 mm., d 20 “ 0-8039, n D 1-4466. 


HC=CMe 

I 

C Me 2 CN 

H 2 C— CH CH 2 

I. 


H.C—CMe, 

I 

CMe CN 

II I 

H 2 C — C CH 2 

II. 



244 


CAMPHOR. 


III. 

The structures of these acids have been pro\ed 
by their degradation (Tiemann, Ber. 1895, 28, 
2170 ; 1896, 29, 529, 3014, 3023 ; 1897, 30, 
405). 

■When camphor is fused with alkali it gives 
mixture of camphohc acid, d- and Z-, m.p. 106' 
107°, dl-, m.p. 109°, and isocampholic acid, the 
latter being difficult to purify (Delalande, Ann. 
Chim. 1841, [nil, 1, 120). Camphohc acid must 
be represented by (IV) since it has been prepared 
by Haller and Blanc (Compt. rend. 1900, 130, 
376) from a-campholide (V). 


HjC — CMe — CO 
| CMe 2 ^>0 

H t C — CH CH* 

V. 


H,C— CMeCOjH 
CMe. 

I I 

H,C— CH CH.Br 


H.C— CMeCO a H 

H, [1 

CMe. 

I I 

H,C — CH-Me 
IV. 

iroCainphohc acid has been shown by ton 
Braun and Heymons (Ber. 1928, 61, 2276) to 
be dihydro « campholemc acid (VI). 

HjC-CHMe 

I ^Me, CO.H 

I I 

HjC — CH CH, 

VI. 

Halogen Derivatives of Camphor. 

The direct chlorination of camphor causes 
substitution on the a-carbon atom, the mono- 
substitution products existing in two stereo- 
isomeric forms. The two a- .and a'-chloro- 
camphors, m.p. 94°, [a] D +96-2°; m.p. 117°, 
[a] D +35®, were first obtained by Lowry and 
Steele. These compounds show mutarotation in 
the presence of alkali (J C.S. 1915, 107, 1382). 
Bromination and nitration of the chloro 
camphors gh e stereoisomeric bromo- and nitro- 
a-chlorocamphors (Lowry, J.C.S. 1898, 73, 569, 
684, 987). By the saturation of an alcoholic 
solution of camphor with chlorine Cazeneuve 
(Bull. Soc. chim. 1882, [uj, 37, 454) prepared 
aa’-d ichloTocantpfior, m.p. 96°, [a] D +57 3°. 

P~(ot 10.)Cklorocamphor, m p. 132 5°, [o] D 
+40 7° (III) was prepared by Forster (J.C.S. 
1902, 81, 272) by the action of chlonne on 
hydroxycamphene (I or II). 


I 1 I ! 

CMe, | -*■ 1 CMe, ( 

H,C CH — CH, H,C CH— CH, 

1. III. 

C : CH, 

HC^j CH OH 

[ CMe, ' 

H,C (1h— CH, 

II. 

it - Chlorocamphor, m p. 129°-129 5°, [a] 0 
+ 99 88°, results when camphor-jr sulphonyi- 
chlonde is heated at 175“-190° (Kipping and 
Pope, Proc. Chem. Soc. 1895. 11, 213). 

asr-Bichlorocamphor, m.p. 118°-118‘5®, is 
prepared in a similar manner from a-chloro 
camphor-jr- sulphonyl chloride. 

a-Bromocamphor, m.p. 76°-77° (dl-, m.p. 51 1®), 
Mb +117-1“, is obtained by the addition of 
bromine to camphor at 100° (Armstrong and 
Mathews, Chem. News, 1878, 73, 4 ; Kippmg 
and Pope, J.C S. 1893, 63, 676 ; Marsh, ibid, 
1890, 57, 828). The isomeric, a' bromocamphor, 
m.p. 78°, [a] jm —40°, was first described by 
Lowry, Steele, and Burgess (J.C.S. 1922, 121, 
633). These substances show mutarotation m 
solution in the presence of alkali (Kipping, 
Proc. Chem. Soc. 1905, 21, 124). 

fS-Bromocamphor, m.p. 78°, [aj p +19 1°, can 
be prepared from hydroxycamphene (Forster, 
J.C.S. 1902, 81, 267) or by heating camphor-)?- 
sulphonyl bromide (Armstrong and Lowry, 
J.CS. 1902, 81, 1469) (see, however, Lipp and 
Lausbcrg, Annalen, 1924, 436, 274). 
sr-Bromocamphor, two forms, m p. C0°--63 o and 
14° respectively, [o] D +116 01°, is prepared 
i a similar maimer to its cHoro-analogue 
(Kipping and Pope, J C.S. 1895, 67, 382). 

i-Dtbromocamphor, m.p. 61°, [a] D +39 2°, 
be obtained by brominating a-bromocam- 
pfcor ; a{i dt bromocamphor, m.p. 114°, 

+ 127°, from a - bromocamphor - /? - sulphonyl- 
bromide (Armstrong and Lowry, J.C.S. 1902, 
81, 1451). 

a'fS-Dibromocamphor, m.p. 136®, [a] 3m +85® 
(Burgess and Lowry, J.C.S. 1923, 123, 1873) : 
air dibromocamphor, m.p. 153°, [a] D +128 2° ore 
obtained in a similar manner to the chloro 
derivatives (Kipping and Pope, Proc. Chem. 
Soc. 1895, 11, 213). Two isomeric tribromo- 
iphors, aa'fi Inbromo, m p. 63“-64“, [ofo +2 > 
and ia 'st-lnbromo , m.p. 69°— 70°, ha\ e been 
described (Lapworth, J.C.S. 1899, 75, 574). 
■lodocamphor, m.p. 43“-44°, [«J D +160 42°, 

; prepared by HaOer (Compt. rend. 1875,80, 

695 ; 1878, 87, 695, 843, 925) by the action of 
iodine on sodiocamphor, whilst ea-di t'odo 
camphor, m p. 108°-109“, [a] D +28°, results from 
the action of iodine on hydroxymethylene 
camphor in the presence of alkah (Bruhl, Ber. 
1904, 37, 2158). 
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Nitrocamphor. 

a- Xilrocampkor, m.p. 102°, cannot be prepared 
by the direct action of nitric acid on camphor. 
It is, however, readily obtained when the halo- 
genated nitrocamphors are reduced. It is pre- 
pared most conveniently by the reduction of 
a-bromo-a'-nitrocamphor with an alcoholic solu- 
tion of sodium ethoxide, the yield being 
50% (Lowry and Steele, J.C.S. 1915, 107, 
1038). In solution a'-nitrocamphor (I) shows 
mutarotation (Lowry', J.C.S. 1899, 75, 211), the 
initial valuo in benzene, [a] D —214°, falling to 
—104°. This change is due to its conversion 
into the pseudo-form (II). Pseudonitrocamplior 
has not been isolated, but its salts are known. 
When an aqueous solution of a'-nitroearaphor 
is evaporated it yields the anhydride of pseudo- 
nitrocamphor, m.p. 193° (III). 

HX CMe-CO 

i 

> CMe., , 

I " . 

HX CH CH-NOo 

I. 

HX CMe— CO 

I 

CMe, | 

i I * ' 

HX CH C:N0 2 H 

II. 

HX CMe— CO OC— -CMe— CH, 

I I 

CMe, • O O CMe, 

’ I " t t I 

H,C CH C:N-0~N.-C — CH CH, 

III. 

On reduction with sodium amalgam or with 
zinc dust in acetic acid, a'-nitroenraphor gives 
a'-aminocamphor, m.p. 110°-1I4°, b.p. 240-4° 
(SeliifF, Bcr. 1880, 13, 1404 ; Knchler and Spitzer 
Monatsh. 1880,34, 567) from which by reduction 
with sodium and alcohol aminoborneol, m.p. 187°, 
is obtained (Duden and McIntyre, Bcr, 1898, 
31, 1902, 1900, 33, 481). The reactions of this 
base have been studied by Forster and his col- 
laborators (J.C.S. 1903, 87, 110, 712, 826 ; 1909, 
95, 2057 ; 1914, 105, 2770). IVith nitrous acid 
a'-aminoenmphor gives diazocamphor , m.p. 73° 
(IV) (Schiff, Bor. 1886, 14, 1373), which when 
floated with water passes into fl-pericyclo- 
camphanone (V), m.p. 1 GSM 70° (Bredt and 
Holz, J. pr. Chem. 1917, 95, 133). 

HX CMe-CO H„C CMe-CO ! 


oxime and later by Forster and Howard (J.C.S. 
1913, 10 3, 63) by the action of ammonia on 
/3-bromoeamphor. It yields a mixture of two iso- 
meric oximes and two isomeric semiearbazones. 
The Camphor Sulphonic Acids. 

Camphor fi-svlphonic acid (Reychler’s acid), 
m.p. 192M93 0 , is readily prepared by the action 
of sulphuric acid on camphor in acetic anhydride 
solution (Reychler, Bull. Soc. chim. 1898, [iii], 
19, 120). Its constitution has been determined 
by Wedekind, Schenk and Stusser (Ber. 1923, 
56, [B], 640 ; cf. Armstrong and Lowry, J.C.S. 
1902, 81, 1444 ; Burgess and Lowry, ibid. 1925, 
127, 271 ; Bredt, Rochussen, and Heusch, Bcr. 
1902, 35, 1290 (footnote) ; Lipp and Lausberg, 
Annalen, 1924, 436, 274). Its salts show muta- 
rotation (Schreiber and Shriner, J. Amer. Chem. 
Soc. 1935, 57, 1306, 1445, 1896 ; Sutherland and 
Shriner, ibid. 1936, 58, 62). The resolution of 
the dl- acid into its optically active enantio- 
morphs has been studied by Burgess and 
Gibson (J.S.C.I. 1925, 44, 290). 

dl -Camphor ir-sulphanic acid, acid chloride, 
m.p. 105-5M06-5 0 ; amide, m.p. 133-5°-136-5°, 
is obtained when camphor is treated with 
fuming sulphuric acid, the camphor being 
racemised (Kipping and Pope, J.C.S. 1893, 63, 
549 ; 1895, 67, 357). It can be separated into 
the d- and Z-forms by strychnine (Pope and 
Read, J.C.S. 1910, 97, 992). 

The Hydroxycamphors. 

a-(or 3-)Hydroxycamphor (II), d-, m.p. 197°- 
198°, [a] D + 17-3°, scmicarbazone, m.p. 183°~184°; 
dl-, m.p. 200°, scmicarbazone, m.p. 182°~183°, 
was prepared by Manasse (Ber. 1897, 30, 
659) by the reduction of camphor- quinone (1) 
with zinc dust in acetic acid solution, when it 
is found in admixture with a second hydroxy 
ketone, h ydroxyep ica mph or (III). Later a- 
hydroxycamphor was obtained by Lapworth 
and Chapman (J.C.S. 1901, 79, 384) by heating 
hydroxy camphoronrboxylic acid (IV). The 
constitution of AZanasse’s two hydroxycamphors 
was subsequently investigated by Karrer and 
Takashima (Helv. Chim. Acta, 1925, 8, 2112), 
Forster and Shukla (J.C.S. 1925, 127, 1885), 
and by Bredt and his collaborators (J. pr. Chem. 
1926, [ii], 112, 273 ; 1929, [ii], 121, 153 ; 1931, 
[ii], 131, 49 ; Ber. 1929, 62, [B], 2314). 

HX — CMe— CH-OH HX — CMe— CO 


I | 

H 2 C CH CO . HX— CH CO 

HI- ‘ I. 

HX — CMe— CO 


CMe, ; 

I . 

H,C CH C, )] 

X N 

IV. 


CMe, 



P-Amitiocamphor, m.p. 81°, was prepared by 
Tiemann (Bcr. 1895, 28, 1082 ; 1897, 30, 321) 
by the action of hydrogen iodide on camphor-' 


, CMe, 

H ,C C H C H-OH 

II. 

H 2 C — CMe— CO 
CMe, 

1 I 

H„C — CH C(OH)C0 2 H 

IV. 
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i-IlyiraxycamphoT, m.p. 250°, eemicarbazone, 
m.p. 236°-23S°, was prepared by Houben and 
Pfankuch (Annalen. 1931, 489, 192) from 4 
ammocamphor. 

S-UydrorycamphoT, m.p 216®-217®,[a] D +38 9°, 
is excreted m admixture with 3- and -n hjdrox} - 
camphors in the urine of dogs fed on a diet 
containing camphor (Schmiedeberg and Me} er, 
Z. physioL. Chem. 1879,3, 422 ; Magnus-Levy, 
Biochem. Z. 1907, 2, 319 ; Asahana and Ishidate, 
Ber. 1928, 61, [B], 653 ; 1193, 64, [B], 188 , 

1933, 66, [BJ. 1673 ; 1935, 68, [B], 947 , 

Remartz and Zanke, ibid. 1935, 68, [B], 548). 
5-Hydroxycamphor (I) can be prepared by 
the hydrogenation of p-ddetocamphane. (II) 
(Rcinartz and Zanke, Ber. 1934, 67, [B], 548) 
and from {J-pencjclocamphanone by treatment 
with trichloroacetic and sulphuric acids at 
1 50°-l 60° followed by hydrolysis of the 5-tri 
chloroacetyl derivative with alkali (Takeuchi, 
Sci. Papers, Inst. Phys. Chem. Res. Tokyo, 

1934, 23, 288). 


H,C— 


-CMe-CO 

I I 

CMe, , 


H,C — CMe-CO 

I 


-CH- 

II. 


CMe, 

CH, HO HC CH CH, 

I. 


10-Hydroxycamphor (I), m.p 220°, [o] D +48 0°, 
has been prepared by Aaahina and Ishidate 
(Ber. 1934, 67, [B], 1202) by the reduction of the 
eemicarbazone of methyl leiopinate (II) with 
sodium and alcohol. The resulting «mi- 
carbazone, m p. 200°, giving on hydrolysis the 
hydroxyketone. On oxidation with chromic 
acid the leto aldehyde (III), m.p. 21I®-213®, is 
obtained. 


CO,Me 

H,C — C CO 

I 

i CMe* 
-CH— CH, 


H.C — 


CH, OH 

-C CO 

CMe.l 

I 1 

-CH— CH. 


II. 


CHO 

H.C C CO 

1 I 

CMe* 

H,C CH— CH, 

m. 

v-Hydrozycamphore, eie , m.p. 233°-234 0 , [ajj, 
+40 68®, eemiearbazone, m.p. 2!6®-217° ; (rang-, 
m.p. 233®, [a] D +62 2°, eemiearbazone, m p. 
224®-225®, have been prepared by Asahina and 
Ishidate (Ber. 1934, 67, [B], 74) by the reduction 
with sodium and alcohol of the semicarbazones of , 
eta- and fnnw-methyl ir -apocamphor-7-carboxy- 
late. On oxidation they yield the corresponding 
kelo-aldehydee, m.p. 205° and 195®-196° respec- 
tively. ! 


The Keto-Camphors. 

Camphorquinone (II), m.p. 198°, [o] D —105 4®, 
crystallises in golden yellow needles. It was 
first prepared by the hydrolysis of its monoxixne, 
mmitrosocamphor (I), which is formed when 
8odiocamphor is treated with tsoamyl nitrite 
(Claisen and JIanasse, Annalen, 1893, 274, 530 ; 
Rupe and Splittgerber, Ber. 1907, 40, 4313). 
woNitrosocamphor is obtained also by the action 
of nitrous acid on catnpborcarboxyhc add (Oddo. 
Gazzetta, 1893, 23, 187) and by the action of 
taoamyl mtnte on a-bromoc&mphor (Clarke, 
Lapworth, and Wechsler, J.C.S. 1908, 93, 40). 
H.C — CMe— CO H.C CMe-CO 

I I I I’l 

CMe, CMe, 

III III 

H.C CH C: NOH H.C CH CO 


I. 


n. 


H,C CMe CO, H 

| CMe, 

H,C CH-COjH 

m. 

The hydrolysis is most readily carried out by 
digestion with formaldehyde and hydrochloric 
acid (Lapworth, J.CB. 1907, 91, 1134). Cam- 
phorquinone is, however, most conveniently pre 
pared by the oxidation of camphor in acetic 
anhydride solution with selenium dioxide (Evans, 
Ridgion, and Simonsen, J.CJ3. 1934, 137). The 
constitution of camphorquinone is proved by its 
ondation with hydrogen peroxide to camphoric 
acid (III) (Forster and Holmes, J.C.S. 1908, 93, 
252), a nng fission which occurs also by digestion 
with alcoholic potassium hydroxide solution 
(Claisen and Jlanasse, he.). On reduction with 
zme dust and acetic acid or with aluminium 
amalgam a mixture of hydroxy camphor and 
hydroxyepicamphor is obtained (see chore). 
Reduction of this mixture with sodium and 
alcohol givea camphor glycol, m.p. 230°-231®, 
[aJp+12-3®. 

On bromination camphorquinone gives a 
C I0 H„O,Br,, m.p. J37®-138®. and 
a Inbromide, C I 0 H 1 I O s Br 1 , m.p. 197M9S® 
(Jlanasse and Samuel, Ber. 1897, 30, 3160). 
These bromides have been shown by Evans, 
Simonsen, and Bhagvat (J.C.S. 1934, 444), to 
have the lactone structures represented by (IV) 
and (V) respectively. 

H.C CO C CH,Br 



I I 

H,C CBr — ( 
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When dissolved in concentrated sulphuric acid 
camphorquinone gives a keto-acid, C 10 H 16®3 
(Manasse and Samuel, Ber. 1897, 30, 3157 ; 
1902, 35, 3831) ivhich has been shown to 
be d-2: 2 :3-trimethylcyc\ohexan-4:-one-l -carboxylic 
acid (VI) (Gibson and Simonsen, J.C.S. 1925, 127, 

HX — CO — CHMe 


H,C CH CMe, 

I 

co 2 h 

VI. 

1295 ; Bhagvat and Simonsen, ibid. 1927, 79 ; 
Bredt-Savelsberg, Zaunbrecher, and Knieke, 
Ber. 1927, 60, 1801). On fusion with alkali 
camphorquinone yields the semi-aldehyde of 
camphoric acid, m.p. 76°-78°, [o] D + 103-01° 
(Bredt, J. pr. Chem. 1917, 95, 63). Camphor- 
quinone can give rise to four monoximes, which 
are respectively isonitrosocamphors and iso- 
nitrosepicamphors. These, together with the 
related dioximes, have been prepared by Forster 
and his collaborators (inter al., Forster, J.C.S. 
1913, 103, 662) ; the configurations assigned to 
them require modification in the light of more 
recent investigations (Taylor, J.C.S. 1931, 2021 ; 
Mcisenheimer and Theilacker, Annalen, 1932, 
493, 33). The melting-points and rotatory 
powers of these oximes and dioximes are given 
in the following table : 



M.p. 

Mr 

a-isoNitrosocaniphor. 

. 152° 

196-6° 

p- 

. 114° 

172-9° 

a-isoNitrosoepicamphor . 

. 170° 

-200-1° 

P- 

. 137° 

-179-4° 

a-Dioxime 

. 201° 

-63-6° 

P- 

. 248° 

-24-1° 

V 

. 136° 

+22-4° 

8- 

. 199° 

+ 75-5° 


methyl ester of (I) at 280°-300°. It can be 
hydrolysed to the parent acid. 

HOX HCMe-CO 

I 

| CMe 2 

H 2 C CH — CH 2 

I. 

Camphoric Acid. 

Camphoric acid has been prepared in four 
stereoisomeric forms, the melting-points and 
rotatory powers being given in the table below : 



M.p. 

[«]» 

d-Camphoric acid 

. 187° 

+47-8 

l- ,, ,, - * 

187° 

-47-8 

dl- „ ,. . . 

. 202°-203° 

— 

rf-isoCaraphoric acid . 

. 171°~172° 

— 47-T 

1- „ „ . 

. 171°-172° 

+47-1 

dl - „ „ . 

. 191° 

— 


rf-Camphoric acid, which has the cis- con- 
figuration, is obtained by the oxidation of 
d- camphor and is isomerised to d+socamphoric 
acid by heating with water at 200°-220° (Jung- 
fleisch, Ber. 1873, 6, 680), by heating with hydro- 
chloric acid at 150°-160° (Wreden, Annalen, 
1872, 163, 328) and by fusion with potassium 
hydroxide (Mahla and Tiemann, Ber. 1895, 28, 
215). The two acids are readily separated by 
treatment with acetyl chloride when d-camphoric 
acid yields the anhydride, m.p. 220°-221° 
(Aschan, Ber. 1874, 27, 2001 ; Annalen, 1901, 
316, 209). The synthesis and the proof of the 
structure of camphoric acid has been given 
above. 

Reduction of camphoric anhydride with 
sodium amalgam (Haller, Bull. Soc. chim. 1896, 
[iii], 7, 984) or catalytically (Rupe and Jaggi, 
Helv. Chim. Acta, 1920 3, 654) gives a-cam- 
pholide, whilst reduction of /S-methyl hydrogen 
camphorate gives B-campholide, m.p. 218°- 
220 ° : ' 


The isomeric semicarbazones, hydrazones, and 
phenylhydrazones have also been studied by 
Forster and his collaborators (inter al.. J.C.S. 
1910, 97, 2156 ; 1914, 105, 1718). The bis- 
imino-derivatives of camphor have very high 
rotatory powers, thus p-phenylenebisimino- 
camphor has [a] D +1509° giving a molecular 
rotatory power of 6096° (Forster and Thomley, 
J.C.S. 1909, 95, 942 ; Forster and Spinner, 
ibid. 1919, 115, 891 ; Singh, ibid. 1920, 117, 
1599 ; 1921, 119, 1972). 

•p-Diketocamphane (5-ketocamphor), m.p. 
206-5°-207°, [a] D +103-42°, disemicarbazone, 
m.p. above 262°, is obtained by the oxidation 
of 5 -hydroxy camphor (Bredt and Goeb, J. pr. 
Chem. 1921, [ii], 101, 273) or by the oxidation of 
camphor by chromic acid in acetic acid solution 
(Bredt. ibid. 1923, [ii], 106, 336). The reactions 
of this diketone have been studied by Asahina 
and Ishidntc (Ber. 1934, 67, [B] 440). 

G-Kclocamphor, m.p. 194°-195°, dioxime, m.p. 
241°-242°, disemicarbazone, m.p. 228°, was pre- 
pared by Miyake and Watanabe (Proc. Imp. 
Acad. Tokyo, 1935, 11, 322) by heating the 


H„C- 


h,c- 


XMe-CH, 

I \ 

CMe, O 


-CH-CO 


Being unsymmetrical camphoric acid gives 
two hydrogen esters, the a-(or ortho-) esters (I) 
(a-methyl hydrogen camphorate, m.p. 77°) and the 
P~ (or alio-) esters (II) (p-methyl hydrogen cam - 
phorale, m.p. 86°-87°). The structures of these 
esters have been rigidly proved (Walker, J.C.S. 


H 2 C — CMe-CO.H 

I 

CMe, 

H,C — CH-C0 2 R 

I. 


H,C CMe-CO.R 

I 

CMe, 

I 

H 2 C — CH-CO,H 
II. 


1892, 61, 1093 ; 1893, 63, 415 ; Walker and 
Henderson, ibid. 1895, 67, 337 ; Blanc, Bull. 
Soc. chim. 1899, (iii], 21, 716 ; Bruhl and 
Braunschweig, Ber. 1892, 25, 1086). 
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Two tnonoatnides ha\ e been prepared, a-, 
m p. 176°-177° p by the action of ammonia on 
the anhydride and p , m.p. 182 a -183°, by treat- 
ing eamphorimide, m.p. 243°-244°, with dilute 
sodium hydroxide. Campbonmide is readily 
obtained by heating the a amide or by passing 
ammonia into the molten anhy d ride . 

Camphoric acid is extremely stable to oxidising 
agents On prolonged heating with nitric acid 
it gives camphoromc acid, whilst with potassium 
permanganate in alkaline solution Balbiano’e 
acid is obtained, which has been shown by 
Ilardhan (J.C S. 1928, 2604) to be represented 

H.C — CMe, 

I I 

I CMe 

I II 

H 2 C C COjH 

IV. 


by (HI). 
CHMe COjH 
^Me, 

I 

CO COjH 
III. 


and Hoerlin, ibid. 1893, 26, 812 i 1894, 27, 
3466 ; Perkin, J C.S. 1893, 73, 70S ; 1903. 
83, 835). This acid has been shown by Leins 
and Simonsen (J C.S. 1937, 457) to have the 
structure (IX). On fusion with potassium 
hydroxide it gives a camphyhc acid (X), 
m p. 148°, and p-camphyhc acid (XI), m p. 
1Q5°-106 0 (Lewis and Simonsen, J.CS. 1936, 
734). 


HO.S CH CMe, 

I I 

CMe 

II 

ch 2 — c co 2 h 

IX. 


HC^=CMe 

I 

CMe. 

I 

HC^=C'COjH 

X. 


—CMpj 

CMe 


With aluminium chloride camphoric and gnes 
holauronnhc acid (IV) and four isomeric 1 
hydroxy - 1 3 dimclhylcyclohexan - 4 carboxylic 
acids (V) (Lees ami Perkin, JC ,S < 1901, 79, 
332 j Perkin and Yates, ibid. 1373) On treat 
inent with chlorine or bromine camphoric acid 
gnes the corresponding monosubstituted an 
hydrides, a chlorocamphonc anhydrtdi, np 
2J3' , -235°, and a bromocamphonc anhydride. 
Loth these anil} d rules gi\e on digestion with 
water or with alkali the lactonic acid, camphamc 
acid (VI). Two other monobromo acids are 
known, p bromocamphonc acid, m p 209°-210°, 

H.C— CMe CO HjC— C(CHjBr)COjH 


HC — CCOjH 
XI. 

The following acids base been prepared from 
camphoric acid by elimination of one of the 
carboxyl groups 

a CamphobjUc acul (XII), b p 240 a -243°, 
amide, m p. 103°, was prepared by Walker 
(J CS 1893, 63, 493) by the electrolysis of the 
sodium salt of a-ethyl h}drogen camphorate 
(XIII) It has been* prepared also by Noyes 


{ CMe. 

II 

H.C— C-CO.H 


, I 

CMe* 

I I 

H 2 C— CH COjH 
VII. 


H 2 C CMe CO.H 

I I 

I CMeCH.Br 

I I 

H 2 C — CH COjH 
VIII, 

(VJI) prepared by Armstrong and Lour} (J.C.S. 
1902, 81, 1467) by the oxidation of fi bromo- 
eamphor and the ir Iromo-acid, m.p. 2I6°-217°, 
(VIII), obtained by the oxidation of aw-di 
bromocamphor (Kipping, J.C.S. 1896, 69. 913). 

By treatment of camphoric acid with con- 
centrated sulphuric acid sulphocamphyhc acid, 
C»H 14 O s S, is obtained (Walter. Ann. Chim. 
1843,(m), 9, 179 ; Kaehler, Annalen, 1873,169, 
179 ; Dnmshy, Ber. 1887, 20, 2959 ; Koenigs 


HjC- CMe COjNa 

I I 

| CMe, 

I I 

HjC— CH CO.Et 
XIII. 


H.C— CMe, 

I 

CMe 

HjC — C COjH 
XIV. 


HC-CMe 
| CMe, 
H 2 C- CH COjH 
XII. 

H.C — CMe, 

| I 

CMe 

I II 

HjC— CH 
XV. 


(Amer. Chem. J. 1894, 16, 500 ; 1895, 17, 424 ; 
1902, 24, 290 ; Noyes and Potter, J. Amer. 
Chem. Soc. 1902, 34, 1067). It was synthesised 
by Perkm and Thoipe (J.CS. 1904, 85, 147) 
from a cimpholactone. Its nio-t characteristic 
reaction is its isomerisation to isolaurowolic acid 
(XIV), ni p 1.15 , by the action of cold concen- 
trated sulphuric acid or by warming with the 
dilute acid This acid, known also as 0-cam- 
phol}tic acul and isocainpholrtie arid, "as first 
obtained by Walker (J.C.S. 1893, 63, 501) as a 
by product in the electrolysis of the sodium salt 
of a-eth}l hydrogen camphorate (XIII). Refer- 
ence has been made abo\e to its formation by 
the action of aluminium chloride on camphoric 
acid. When treated with hjdrobromic acid it 
gnes the hydro bromide of a csmpholjtic 
acid. When isolauronolic acid is heated at 300 
it gnes the hydrocarbon iso laurolcnt (X\)» 
bp. 108 5°/738 mm., rf” 0 7867, n™ 1-4333 
(Blanc, Bull. Soc. chim 1898, [m], 10, 200 ! 
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Ann. C'him. 1899, [vii], 18. 215 ; Compt. rend. 
1900, 142, 1085). 

Camphonenic acid ( y-lauronolic acid), m.p. 
155°-156° (XVI), was first prepared by the 
action of nitrous acid on aminocamphonanic acid 
(XVII) (Noyes, Ber. 1895, 28, 583 ; Amer. 
Chem. J. 1894, 16, 508 ; 1895, 17, 433), but it is 
obtained most readily by heating dehydrocam- 
phoric acid (XVIII). , 

H,C— CMe-COjH HX-CMe-C0 2 H 

CMe, 

1 ‘ 

HC =CH 

XVI. 

H„C — CMeXOjH 


CMe, 


H,C— CH-NH, 


HNO. 


XVll. 


CMe, 


hc=cco 2 h 

XVIII. 


Laurohnic acid (original^' called lauronolic 
acid, Fittig and Voringcr, Annalen, 1885, 227, 1), 
m.p. 13°, b.p. 135°-135 •5°yi4-5 mm. (XIX), is 
most readily prepared by heating a-chloro- 
camphorie anhydride with water or with sodium 
carbonnte solution (Bredt and Amann, J. pr. 
Chem. 1913, [ii], 87, 12 ; Aschan, Bcr. 1894, 27, 
3540). It has been prepared also by other 

HX — CMe-CO„H 

I I 

CMe 


HjC— CMe 
XIX. 

reactions and the structure now assigned to it 
was suggested by Lapworth (Brit. Assoc. Re- 
ports, 1900, 327 ; Lapworth and Linton, J.C.S. 
1901, 79, 1284). J. L. S. 

CAMPHOR, ESSENTIAL OIL OF. 
Camphor oil is distilled from all parts of the 
camphor tree, Cinnamomum camphora Nees and 
Eberm. (Fam. Lauracea;), which is indigenous to 
China and Japan. It has been cultivated in 
India, Ceylon, Java, the Malay Archipelago, 
Australia, east and south Italy, Algiers, 
California, Florida, the Vest Indies and 
Mauritius. Tho tree grows to a height of 
00-100 ft. In Japan and Formosa it is chiefly 
distilled for the production of camphor, and 
70% of the world’s supply is obtained from this 
source. Camphor oil is a by-product after the 
extraction of camphor and safrole, which arc 
separated by fractional distillation and freezing. 
Oil from the leaves is rich in camphor, and a 
continuous supply is available. Oil from the 
wood and root contains more safrol. Tho crude 
camphor oil has sp.gr. 0-950-0-990, and yields 
two products on fractional distillation — white 
camphor oil (sp.gr. 0-875-0-900) consisting 
of the lower boiling fractions, and brown 
camphor oil (sp.gr. 1-018-1-026) containing 
25-35% of safrole. 

Constituents. — In addition to camphor and 
safrole, d-a-pinene, /3-pincne, d-limoncne, d- 
fcnchene, phcllnndrenc.cincole, borneol, tcrpineol, 


citronellol, euminol and small quantities of 
geraniol and linalol have been isolated. Piperi- 
tone, carvacrol, eugenol, ethylguaiacol, limene, 
cadinene, a-cainphorene, and traces of esters 
have also been found. 

Characters . — Camphor oil has sp.gr. 0-875- 

0- 900 at 15-5°, ag +9° to +24°, n"n 1-465- 

1- 470. Contains about 35% of cineole. This 

oil is used in medicine as a mild counter- 
irritant for rheumatism. Brown camphor oil 
is chiefly used as a source of safrole. C. T. B. 

CAMPHOR, SYNTHETIC. Synthetic 
camphor, as it is usually known, cannot be 
regarded as suitably named,- since the commercial 
product is derived from a naturally occurring 
substance, pinene, which possesses the samo 
number of carbon atoms in the molecule and has 
never been completely synthesised. True syn- 
thetic camphor is known but only as a laboratory 
preparation. In conjunction with the growth 
of the celluloid industry, in which camphor is 
chiefly used, camphor manufacture has de- 
veloped on an increasing scale, for although in 
the early days of the celluloid industry sufficient 
natural camphor was available, the use of 
synthetic camphor predominates at the present 
day. Synthetic camphor has been made on an 
industrial scale since the beginning of this cen- 
tury, but its importance was first realised at the 
time of the Russo- Japan eso War of 1904-1906, 
when natural camphor became scarce and prices 
rose to very high levels. Commercial synthetic 
camphor, originally made in Germany, has since 
been made also in England, the U.S.A., France, 
Italy, Switzerland, Spain, and the U.S.S.R. 

Raw Materials. 

The chief raw material is pinene, which is 
obtained from tho oleo-resin of pine trees, oil 
of turpentine consisting principally of a- and 
/3-pinene. For the purposes of camphor manu- 
facture a raw material containing a high pro- 
portion of pinene is essential, and although most 
of the types of pines commercially exploited 
for turpentine yield a suitable essence, certain 
varieties do not ; Indian turpentine, for instance, 
from Pinus longifolia, contains only 35% of 
pinene. Greek, Spanish, and Portuguese tur- 
pentines give an oil containing about 90% of 
a-pinene, with very little /3-pinene. French and 
American turpentine, on the other hand, con- 
tain 90% of pinene, of which 30% is /9-pinene 
and the remainder a-pinene. a- and /?- Pinene 
arc both suitable as sources of camphor, although 
in some processes /3-pinene is more reactive 
and gives higher yields of camphor than a-pinene. 

Another source of pinene is from steam- 
distilled wood turpentine, an industry developed 
in the U.S.A. in recent years. Pine stumps from 
cut-over lands are shredded and steam-treated, 
liberating rosin, pine oil, and steam-distilled 
wood turpentine, the latter containing about 
70% a-pinene, together with dipentene, ter- 
pineno, etc. By fractional distillation a grade 
of a-pinene is obtained which is claimed to be 
98% pinene. Previously wood turpentine, pre- 
pared by destructive distillation, was very low- 
in pinene content, and contained in addition 
objectionable by-products from the pyrolysis 
of the wood and rosin. 
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Substitutes are available for turpentine in which jg then oxidised to camphor. The pro 
many of its uses, but it is irreplaceable as a raw cesses which have been developed are represented 
material for camphor manufacture. It is, in the following scheme s 
therefore, important to note that there is no 
source of turpentine in this country. The 
Scotch fir yields an oil containing pinene, hut 
the climate is unfavourable for rapid tree growth 
and easy flaw of gum essential for successful 
turpentine operations. Within the British 
Empire, West Australia is regarded as possessing 
a suitable climate, but the establishment of pine 
forests would require many years. India con- 
tains, in addition to Pxnus longxjolia already 
referred to. Urge tracts of Himalayan Blue Those methods depending on the formation of 
Pine (Pinna excelsa) capable of yielding a high bomyl chloride and camphene, followed by oxida. 
grade of a-pmene, but as yet almost unexploited tion to camphor, either directly or after con- 
owing to the m accessibility of the forests. In version of camphene to taobomeol, constitute 
Great Britain, pinene, or oil of turpentine, as a what may be described as the classical process, 
light hydrocarbon oil, is subject at the present which the firm of Schering, pioneers m large- 
time (1937) to an import duty of 8d. per gallon, scale camphor manufacture, have developed in 
the tax representing about 25% of the total cost Germany This process, with variants, is now 

As pinene 13 liable to oxidation if exposed to described in some detail, after which the attema 
air, storage of turpentine has always been a tive processes are reviewed, 
serious problem. It is the normal practice to Pinene — Bornyl Chloride. — The action of 

transport it in wooden barrels lined with glue, hydrogen chloride on pinene yields a crude 
and turpentine so transported can he relied on product containing principally bornyl chloride, 
to arrive in good condition, without excessive together with by products such as dipentene 
leakage. When consigned to merchants, the hydrochloride and fenchyl chloride. This re- 
turpentine is tanked at the docks, as the barrels action depends on the addition of the elements 
cannot be stored for any length of time without of hydrogen chloride to form a tertiary hydro- 
developing leaks. When sold, the turpentine 19 chloride, followed by rearrangement of the 
run out into the original barrels, but in the molecule. As will be seen from the equations, 
meantime has undergone some oxidation with a the rearrangement may take place either to 
corresponding diminution in pinene content, dipentene hydrochloride, bornyl chloride, or 
In order to reduce the tendency to discolour, fenchene hydrochloride, the last bemg more 
the tanks are often lined with shellac, discolora- easily visualised when the formula for pinene is 
tion being due to attack on the iron by the small written with the cyelobutane ring reversed, 
quantities of acids produced during atmospheric Fortunately for camphor manufacturers bornyl 
oxidation of the pinene ; but even so deteriora- chloride predominates, as much as 70% of the 
tion is unavoidable and tnrpcntine which has pinene being recovered in thi9 form. Fenchene 
been tanked is generally regarded as unsuitable hydrochloride normally occurs to the extent 
for camphor manufacture. of about 3% but may be higher. If oil of 

Gum turpentine may be supplied in galvanised turpentine is employed it is usually redistilled, 
drums, but docs not arrive in such good con preferably under vacuum, and the pinene dried 
dition as when packed in wooden barrels, the over calcium chloride or quicklime. This dis- 
zinc coating being slowly attacked. Pinene from tillation removes most of the sesquiterpenes 
steam-distilled wood turpentine, on the other and other high-boiling impurities, 
band, does not attack galvanised drums ap- The distilled pinene m batches ofnot more than 
preciably and may be stored for periods up to I ton is saturated with dry hydrogen chloride 
6 months without apparent deterioration if air in lead-lined or enamelled vessels fitted with 
is excluded. powerful stirrers and brine jackets. Refrigera- 

The empirical formula) of camphor (C, 0 H 16 O) tion is essential to prevent the considerable heat 
and pinene (C I0 H ]c ) differ by one oxygen atom, of reaction, causing undue rise in temperature, 
but oxidation of pinene to camphor, although In the first stages of the reaction the temperature 
claimed in numerous patents, is not practicable, is kept at 0°-10 o , but later rises to 35°, when 
and the conversion has to be earned out by the bomyl cWancfe begins to crystallise By this 
indirect methods. The chief difficulties in the time the pinene has absorbed about 22% of its 
conversion of pinene to camphor are due to the weight of hydrogen chloride but subsequently 
high reactivity of pinene, and the fact that none continues to absorb the gas more slowly. When 
of its additive reactions proceeds without the all the pinene has disappeared the gas absorption 
simultaneous occurrence of side reactions. For is still less than one equivalent owing to the fact 
this reason, and also on account of the volatility that the relatively unstable dipentene hydro- 
of the terpenes, the yield of camphor is not chloride formed in the early stages reacts to 
quantitative, and in comparing various processes some extent with fresh pinene, and thus the 
from an economic standpoint this is a veiy finished product may contain free dipentene. 
important factor, pinene being by far the It is possible to continue the saturation beyond 
largest single item in the total coat. this point, but there is no advantage to be gained. 

In the majority of processes pinene is treated as the bomyl chloride content cannot be 
with an acid, yielding an ester of bomeol. This increased. 

is converted into either bomeol or camphene, As already mentioned, temperature control » 
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Fenchyl chloride. 


very important, and the temperature should not 
in any case exceed 50°. Very low tempera- 
tures, on the other hand, are not necessary, 
and there is evidence that such conditions lead 
to a lowering of yield. There does not appear 
to be any catalyst which increases the yield of 
bomyl chloride, but many substances have an 
adverse effect. Metals, especially iron, have a 
pronounced effect, especially if water is also 
present. In contact with metallic iron, or if 
ferric chloride is added to the pinene, the yield 
of bornyl chloride is so much reduced that the 
product, normally a pale straw colour and semi- 
solid, is a dark reddish liquid with an excessively 
high content of hydrogen chloride, the catalyst 
favouring the continued reaction of dipentene 
to the dihydrochloride stage. The use of lead for 
tho reaction vessels is permissible owing to the 
formation of an adherent coating of lead 
chlorido over the surfaces exposed to the gas, 
but a reduced yield may be expected in the first 
few batches from a new lead-lined pot. 

Water is also found to have a deleterious 
action, but this is not pronounced in the absence 


of other catalysts. The formation of fenchyl 
chloride is said to be more noticeable in the 
presence of water. Precautions are therefore 
taken to dry the pinene and the gas used for 
saturation. It is also necessary to eliminate 
from the pinene those substances which may 
liberate water during the course of the reaction. 
Pinene readily oxidises in the presence of air, 
yielding pinene peroxide, verbenone, etc., all 
of which are capable of liberating water by 
decomposition. Other oxidation products of 
pinene such as acetic and formic acids are also 
harmful. 

An important part of this process is the pre- 
paration of the hydrogen chloride. Synthetic 
hydrogen chloride made by burning chlorine in 
hydrogen is not suitable as it is accompanied by a 
considerable amount of water. In small quanti- 
ties the gas may be prepared by heating commer- 
cial muriatic acid with concentrated sulphuric 
acid, but this is somewhat wasteful. For gene- 
rating a continuous supply of dry gas the Zahn 
process is convenient, in which diy granular rock 
1 salt and sulphuric acid are fed in the correct 
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proportions to a cast-iron vessel containing liquid 
sodium bisulphate maintained at a temperature 
of 320°C. The gas is liberated almost instan- 
taneously, leaving sodium bisulphate, which, as 
it accumulates, overflows through a dip pipe 
reaching to the bottom of the vessel. The gas, 
which is led off under a slight suction of jtj in. 
water, is of very high quality (90% or over), and 
after drying by passing up a sulphuric acid tower 
may be pumped directly to the saturators. In 
order to economise m gas these are connected 
in senes, the fresh batch receiving the residual 
gas. A small quantity of gas is unabsorbed 
and is condensed in a water-absorption tower. 

Unless there is an outlet for the sodium 
bisulphate produced as a by product the Zalin 
process is rather expensive, and in larger instal- 
lations a mechanical salt cake furnace (Ind. 
Chem. 1931, 7, 461) is used as a source of 
hydrogen chloride, the by-product being readily 
saleable, and a cheaper grade of salt may he 
used as a raw material On the other hand, the 
salt cate furnace gives a gas contaunng only 
50-60% HCI, the balance being air, and the 
mixture is more difficult to dry. In presence of 
air only about half of the gas is taken up by 
the pmene, and the rest has to be absorbed in 
water and disposed of. 

Several methods are available for treating 
the product of the reaction between pinene and 
HCI. As the bomyl chloride crystallises well the 
product may be filtered and more than half of 
the bomyl chloride recovered in a solid form ; the 
mother liquor containing about 60% of bomyl 
chloride may be treated by any of the following 
methods cither singly or in combination 

(1) Refrigeration followed by a second 
filtration. 


(2) Resaturation with HCI to reduce the solu- 

bility of born} 1 chloride m the mother 
liquor s followed by filtration. 

(3) Heating to decompose the less stable 

dipentene hydrochloride, followed by 
distillation of tho dipentene thus 
formed. 

(4) Oxidation with nitric acid. 

(5) Treatment with sulphuric acid to poly- 

merise the dipentene, follow ed by steam 
distillation of the bomyl chloride. 

None of these methods gives the highest 
possible yield and some manufacturers defer 
the separation of the by products, either by 
passing the whole reaction product forward to 
the next stage of the process, or by a simple 
filtration follow ed by separate treatment of tho 
solid and liquid hydrochlorides in the next pro 
cess. The “ solid pinene hydrochloride ” pre- 
pared m this way contains about 90% born}l 
chloride, and the pure substance can be obtained 
by recTjstaHi^a lion. It is a while crystalline 
solid with distinctive odour, m.p. 132% bp. 207“. 
When pure it is stable at the boiling point. At 
one time bomyl chloride was put forward as a 
camphor substitute under the name “ Artificial 
Camphor/’ but although it has some gelatinising 
action on nitrocellulose it has never been used 
successfully in celluloid manufacture 

Bornyl Chloride— -Camphene. — Bomyl 
chloride haa the same ring structure as bomeol 
and camphor, hut no commercial process has 
yet been developed for the direct conversion, 
although several patents are in existence. By 
treating bomyl chloride with magnesium a 
Cn^nard type of compound is obtained which 
oxidises in presence of oxygen and water to give 
boroml 



Direct oxidation of bomyl chloride, although 
claimed to give camphor, fails to remove the 
chlonne atom and produces j>-kctoborny 1 
chloride (Bredt and Pinten, J. pr. Client. 1927, 
[ill. 115, 45). 

Elimination of HCI by direct action of steam 
in presence of catalysts lias been proposed, but 
in practice bomyl chloride is treated with an 
alkaline reagent which produces mainly cam- 
phene, although smaller quantities of camphene 
hydrate and bomeol are produced. Sodium 
hydroxide itself is too active a reagent, and at 
the temperature necessary for the elimination of 
the chlorine it reacts further w ith the products 
causing a diminution of camphene yield. A 
suspension m water of calcium or magnesium 
hydroxide may be used, but usually the sodium 
salt of a weak acid is chosen. Among the 


reagents proposed in the numerous patents on 
this subject are sodium stearate, plicnate, 
benzene sulphonatc, etc , also ammonia, ali- 
phatic amines, and aniline. These processes ore 
earned out m aqueous solutions and owingto 
the high temperature necessary (180“-2»Xr) 
have to be conducted under pressure in auto- 
elav es. 

In a typical process pinene hydrochloride is 
heated with sodium stearate in an autoclave 
at 180“-200° stirred mechanically. Tho 
cauiphene is then steam distilled leav ing *tc*r* c 
acid and a solution of sodium chloride. The 
latter is run off and a fresh charge of sodtunj 
hydroxide solution is added to the stearic aci'l 
for the next batch. , 

The course of the reaction n»«v be expns-cn 
in the following scheme : 
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On the basis of Meemein's theory the first 
reaction is the isomerisation of bomyl chloride 
to laobomyl chloride and camphene hydro- 
chloride. The function of the alkaline reagent 
is to combine with the hydrogen chlonde 
' resulting from the decomposition of the cam- 
phene hydroehlonde, yielding camphene as the 
mam product. Smaller quantities of borneo!, 
iaobomeol, and camphene hydrate are obtained 
by direct action on the corresponding chlondes. 
As would be expected, the use of aqueous calcium 
hydroride gives higher proportions of the 
hydrorylated compounds. Support for this 
theory of the dehydrochlorination of bornyl 
chloride is given by expenments which show that 
the reaction velocity follows the ummolecular 
law, and 13 independent of thB concentration 
of alkali, the slow isomerisation of bomyl 1 
chlonde being the controlling factor. 

In another group of processes the reaction is 
earned out in acetic or formic acid solutions. 
Among the reagents proposed are sodium, lead, 
and zinc acetates or zino ibrmate. In tie acid’ 
solvent the reaction proceeds more rapidly and 
may be conducted at a lower temperature. A 
proportion of the camphene is converted during 
the process into taobomyl acetate or formate, 
and in consequence of this it is often claimed 
that there is a direct reaction between the bomyl 
chlonde and, for example, sodium acetate. 

This suggestion can be disproved for the 
following reasons : 

(1) The greater proportion of the bomyl 

chloride is converted to camphene. 

(2) The ester formed is optically inactive. 

(3) The ester yields, on hydrolysis, Mobomeol, 

and not borneo!. 

(4) The reaction velocity is ummolecular and 

independent of the concentration of 

sodium acetate or similar reagent. 

In the conversion of prnenc to bomyl chlonde 
and camphene optical activity is retained, 
d-pinene yielding d-bomyl chloride and d- 
camphene. When the camphene is converted 
to esters of uobomeol, optical activity dis- 
appears except under very special conditions. 

At first sight dehydrochlonnation in acid 
solution in presence of sodium acetate is to be 
preferred, since there is a simultaneous formation 
of 1 molecule of acetic acid for each molecule of 
camphene, thus providing sufficient acetic acid 
for the conversion of the camphene into i so bomyl 
acetate as will be described later. As the acetic 
acid is afterwards recovered ns sodium acetate, 
which can be used either directly or indirectly in 
the dehydrochlonnation process, the whole pro- 
cess is self contained and does not need a separate 
acetic acid recovery section which is required 
when camphene prepared by an alkaline process 
is esterified to taobomyl acetate. A typical 
acid process is described in G.P. 268308 ; zinc 
acetate in acetic acid being the reagent chosen. 
After dehydrochlorination, the acid layer con- 
tains the equivalent amount of zinc chlonde, 
from which zinc acetate is regenerated by 
addition of sodium acetate, sodium chloride 
be mg precipitated and filtered off, while the 
terpenes are at the same time salted out from 
the acid layer and may be decanted. In spite 
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of these advantages, however, the acid pro- 
cesses are not used to any extent, the chief 
obstacle being the difficulty of constructing 
autoclaves to withstand the severe corrosion. 

Camphene, the main product of the dehydro, 
chlorination of bornyl chloride, is associated 
with small quantities of tricyclene and bomylene, 
the derivation of these compounds being shown 
above. In subsequent reactions they behave 
much the same as camphene. The by products 
present in the liquid pinene hydrochloride are 
also dehydrochlonnated during the same pro- 
cess, Dipentene hydrochloride reverts to di- 
pentene, which is further isomensed to terpinene 
and terpinolene. Fenchyl chlonde reacts in a 
similar series of reactions and may yield any of 
the five known fenchenes, cyeJofenchene being 
the product most readily isolated from the 
mixture. 


CH, 

I 

C 



CH 


fyc/oFenchene 

The product from the decomposition of crude 
pinene hydrochloride has been recently examined 
in detail by Bros and Vebra (Bull. Inst. Pin, 
1936, 73-77, 107-113), who report the presence 
of tnany of the above mentioned compounds, 
and confirm similar work carried out by 0. 
As chan (“ Naphtenverbindungen, Terpene und 
Canjpherarten,” W. de Gruyter and Co. 1929, 
P ; 235). It is very important to ensure the 
highest possible degree of elimination of chlorine, 
and owing to the stability of bomyl chloride, 
unusual in a non aromatic derivative, this 
neccaaitates severe reaction conditions. Pure 
bornyl chloride is dechlorinated more readily 
than the crude mixture, and it is possible that 
the last traces of chlorine which are difficult to 
remove are combined in one of the by-prodacts 

If the dehydrochlonnation process has been 
carried out under optimum conditions, the yield 
of camphene should be quantitative ; but 
unless the bomyl chlonde has been separated 
and purified before dehydrochlonnation, the 
product is an oil containing, in addition to 
camphene, dipentene, terpinene, terpinolene, 
and some polymers (diterpenes, etc.), also small 
quantities offenchene, tneyclene, and bomylene- 
Caniphene may be separated at this stage in a 
comparatively pure form by fractional distil- 
lation, but the separation is difficult on a large 
scale owing to the closeness of the boiling-points 
of camphene and the by-products with which it 
is associated. It is not essential to separate 
camphene at this stage since the crude product 
may be treated as such in the next process. 

Esterification of Camphene. — 'Hie ms- 
c® T 6ry that camphene is converted to iaobornyl 
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acetate by treatment with acetic acid in the 
presence of a catalyst was made by Bertram 
and Walbaum (J. pr. Chem. 1894, [ii], 49, 1). 
This reaction takes place readily at temperatures 
between 30° and 50°, and gives an excellent 
yield, although, owing to the fact that the 
reaction is reversible, some camphene is un- 
changed unless a large excess of acetic acid is 
used. A detailed investigation of this reaction 
has been carried out by Brus and Vebra (Bull. 
Inst. Pin, 1936, 8, 57, 73). If the dehydro- 
chlorination process has been conducted in 
acetic acid solution, the camphene is already 
partly esterified and contains, in addition, some 
free acetic acid. Various modifications of the 
Bertram and Walbaum method have been 
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proposed. Catalysts such as phosphoric acid 
and zinc chloride have been suggested as alter- 
natives to sulphuric acid. The formic acid 
ester of tsobomeol is made in a similar way 
although the use of a catalyst is not essential 
in this case. Other organic acids such as oxalic 
have also been proposed for esterifying cam- 
phene. 

The term esterification is not strictly applicable 
to this reaction, which comprises empirically the 
addition of the elements of acetic acid to cam- 
phene. Actually a series of reactions is in- 
volved ; first of all camphene combines with 
acetic acid giving the acetic acid ester of 
camphene hydrate, which isomerises to the iso- 
bomyl acetate. 
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This explanation of the interconversion of 
camphene and bomeol derivatives is due to 
Meerwein, but the intermediate camphene 
hydrate ester has never been isolated, and the 
series of reactions is probably still more com- 
plex in the presence of sulphuric acid as a 
catalyst. Tricylene behaves similarly to cam- 
phene giving esters of tsoborneol, but bomylene 
gives esters of bomeol. 

In order to complete the - reaction a con- 
siderable excess of acid is necessary as the 
reaction is to some extent reversible. This 
acid may bo removed by washing with water 
or by distillation under vacuum. The latter 
method is open to the objection that the bomyl 
esters, particularly the formate, are liable to 
decompose on heating, especially in presence « 
of a catalyst. Alternatively the acid may be 
neutralised with sodium carbonate solution 
and separated by decantation. 

At this stage the ester may bo isolated in a 
pure state by fractional distillation under high 
vacuum, a process which has been described by 
Tomco (Anal. Ffs. Qufm. Teen. 1928, 26, 30). 
Cnmpheno distils first, followed by dipentene, 
terpinene, etc. Diterpenes remain behind after 
the ester is removed. Owing to the closeness in 
boiling points, it is difficult to obtain sharp cuts 
between the various constituents. isoFenchyl 
esters, if present, tend to accumulate in the first 
runnings of the ester fraction and may be 
partially separated. Pure t'sobomyl acetate is 
a colourless liquid with a characteristic pine 
odour, and is used to some extent in perfumery. 
It boils at 225° with slight decomposition at 
atmospheric pressure. 

If pure camphene has been used the resultant 
ester may bo 90% pure or over, but if no 


separation of by-products has been attempted 
in the earlier stages the ester content is only 
70-75%, the balance being unesterified cam- 
phene, dipentene, terpinene, terpinolene, and 
diterpenes, the latter derived from dipentene 
which tends, in the presence of acid, to undergo 
isomeric changes leading finally to polyterpenes 
of unknown composition. Hydrocarbons of the 
fenchene series, if present, are converted in an 
analogous way into isofenchyl esters. 

CH 3 


c 



It is desirable to emphasize at this stage the 
remarkable change which ring structure under- 
goes in order to produce the third type of 
hydrocarbon of the formula C 10 H, 6 . The 
formula C n H2;i-4 requires either 3 double 
bonds, 1 ring and 2 double bonds, 2 rings and I 
double bond or three rings. The terpenes 
belong only to the second and third series whilst 
members of the tricyclic group only occur as 
intermediate products. Nevertheless, the 
elimination of the acetyl group may occur in 
several ways, in accordance with the structure 
of the hydrocarbon and it is this which makes 
research in this field so difficult. 
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The yield of iaobomyl ester from camphene a ketone but w complicated by the instability 
depends solely on the amount of camphene left of isoborneol, acids readily converting it into 
unestenfied, unless the concentration of acid camphene and water. Almost every known 
catalysts 13 excessively high, when it is possible oxidising agent has been proposed for this 
to polymerise the camphene to some extent, reaction, but the only substances suitable for 
woBorayl esters prepared by this method are large scale use are nitric acid or chromic acid 
normally inactive, but Meerwcia and Gerard Mild oxidising agents have no action on mo- 
(Annalen, 1924, 435, 189) have succeeded in boraeol, but on the other hand it is possible to 
obtaining active isobornyl esters by working at carry the oxidation bey ond the ketone stage if 
low temperatures 1 the reagent used has a very high oxidation 

iscBorneol . — The esters of isoborneol are j reduction potential or if the conditions are not 


hydrolysed quantitatively by alkaline hydrox- 
ides. The reaction takes place very readily in 
alcoholic solution, although isobornyl formate is 
rapidly hydrolysed on refluxing with aqueous 
sodium hydroxide. The acetate is more stable 
and hydrolysis in aqueous solution is usually 
earned out under pressure at about 180° to com 
plete the reaction Pure isobornyl acetate gives 
a solid product after running off the aqueous 
layer, but if the crude ester is hydrolysed direct 
the product is a liquid, from which isoborneol 
crystallises on cooling, and is filtered off The 
mother liquor, or “ Bomeol Oil " as it is usually 
known, contains up to 60% isoborneol, « fcieh it 
is desirable to recover. This is accomplished by 
distilling off the lighter constituents, after which 
a further quantity of isoborneol may be 
crystalbsed. 

Owing to the tendency of terpenes to form 
mixed crystals, isoborneol does not crystallise 
in a pure state from the “Bomeol Oil,” and may 
contain about 10% of impurities. tsoFenchyl 
alcohol concentrates in the mother bquors, and 
after repeated working up for isoborneol there 
t3 finally left an inseparable mixture of isoborneol 
and nofenchyl alcohol. tsoBomeoI is readily 
recrystalbscd from Lght petroleum and may be 
obtained ultimately in a pure state. It is, 
however, difficult to remove completely traces 
of bornyl chlonde usually present in isobomcoL 

It is possible to obtain wobomeol direct from 
camphene by hydration with aqueous sulphuric 
acid {F.P. 385341). This process has been 
examined by Aschan (Finska Kem. Medd. 1929, 
38, Arg. Nos. 3 and 4, 94), but the yields appear 
to be too low for commercial development. 

Recovery of Acetic Acid or Formic Acid. 
— -To ensure xxmcnnnvdi kqvmss A is necessary 
to recover the highest possible proportion of 
the acid used in esterification. In a small scale 
process the production of sodium acetate as a 
by-product is not embarrassing as it may be 
readily crystallised and sold. The market, 
however, is very limited, and on a large scale it is 
more profitable to utilise the salt as a source of 
acetic acid for the esterification process. As 
already shown, this sodium acetate finds an 
outlet in the acid dehydro chlorination process, 
but otherwise it is converted to acetic acid in a 
separate part of the plant. The dried salt being 
decomposed by sulphuric acid in cast iron vessels 
fitted with powerful stirrers and the acetic acid 
then distilled off under vacuum from the residual 
sodium sulphate. Formic acid may be re- 
generated in a similar way, taking precautions 
to avoid decomposition of formic acid to carbon 
monoxide. 

Oxidation of isoBorneol and Borneo). — 
This is an oxidation of a secondary alcohol to 


ngidly controlled. Concentrated nitric acid 
reacts violently with splitting of the molecule. 
Dilute nitric acid has been employed, but tlie 
product is ne\er completely satisfactory ns it 
contains small quantities of substances which 
reduce its stabibty to light and heat. The yield, 
using nitnc acid, is also substantially lower 
than the theoretical figure, so that the only 
advantage of nitric acid for this purpose is its 
comparative cheapness 

Chromic acid gives a better y ield of camphor 
than nitric acid, but here again it is possible to 
over oxidise, some camphoric acid being pro 
duced. The reagent is usually prepared by 
mixing sodium dichromate solution and sul 
phunc acid in such proportion that on reduction 
a solution of normal or basic chromium sulphate 
remains. Oxidation takes place readily at 
80®-60*, the mixture being vigorously stirred 
in lead lined vessels. A soh ent such as tolueno 
is usually employed so that the product is a 
solution of camphor in toluene which at the 
saturation point contains approximately 70% 
of camphor 

Consumption of dichromate is high and may 
be 50% in excess of the theoretical quantity, a 
figure which may be reduced by preliminary 
purification of the isoborneol, oxidation of im- 
purities accounting for a relatively high pro- 
portion of the chromic acid. 
3C 1# H, 7 0H+NajCr J 0 7 +4H,S0 4 
-> 3C 10 H 1# O+Crj(SO 4 )3-f Na^O^HjO 

As chromic acid 111 any form is an expenshe 
reagent it is necessary to utilise the by-product 
of chromium sulphate. A limited market exists 
for basic chromium sulphate in the tanning 
mitrsVry , or lor Fnrome n'lum ll -ptAvsnitnu 
dichroinate is used, instead of the sodium com 
pound. But the quantity of chromium sulphate 
turned out by a large camphor factory would be 
many times the capacity of the market, and it is 
therefore necessary to regenerate the chromic 
acid, usually by an electrolytic process, although 
m countries not provided with cheap power the 
electric power consumption is a large item of 
cost. 

As an alternative to the usual methods of 
oxidation, catalytic oxidation or dehydrogena- 
tion methods have been developed. Air in 
presence of active carbon or other catalysts at 
high temperatures oxidises isoborneol to cam- 
phor. but the conversion is not complete 
Catalytic dehydrogenation in presence of 
reduced copper was put forward in 1903 (B ”• 
17573), and since that time other patents 
have claimed modification of catalysts usually 
based on copper or nickel. A process using 
reduced nn h< I has been described by O. 
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Asclian (“ Naphtenverbindungen, Terpene und 
Cainpherurten,” pp. 108-173). One difficulty 
with jsoborneol is its tendency to revert to cam- 
phene, and certain catalysts promote simul- 
taneous dehydrogenation and dehydration : 

CjoHj-OH -> C J0 H 16 O+H 2 
Ci 0 H, 7 OH c 10 h i6 +h 2 o 

In some circumstances the dehydration reaction 
takes place almost exclusively, and this has 
given rise to the erroneous statement that iso- 
borneol cannot be dehydrogenated by metallic 
catalysts. 

The dehydrogenation process is reversible 
and under suitable conditions camphor may be 
eatalytically hydrogenated to a mixture of 
borneol and isoborneol. In order to obtain the 
highest conversion of isuborneol into camphor 
it is necessary therefore, to ensure separation 
of the hydrogen generated, or to carry the 
reaction out in several successive stages. 

Borneol oxidises more readily than j'soborneol, 
and as it is less readily dehydrated is more 
suitable for the dehydrogenation process. 

Oxidation of Camphene. — It is possible to 
avoid the processes for converting camphene to 
JA-oborneol and thence to camphor by oxidation 
of camphene with chromic acid, a reliction first 
discovered by Berthelot (Compt. rend. 1809, 
68, 334). The method is similar to the oxida- 
tion of isoborncol, but higher temperatures arc 
necessary and yields are generally lower. Oxida- 
tion is facilitated by the use of acetic acid as a 
solvent. The formation of camphor by oxida- 
tion of camphene is explained by the inter- 
mediate formation of a compound of camphene 
and chromic acid followed by a Wagner re- 
arrangement, direct oxidation of camphene, as 
for instance when alkaline permanganate is 
used, leading to the formation of camphenilone 
and other substances. 

H„C CH CMe, 

I 

CH, 

I ‘ 

H 2 C CH C:CH, 

Camphene. 

H„C CH CMe., 

I 

» CH 2 

H 2 C CH CO 

Camphenilone. 

Evidence for the existence of a chromic acid 
compound has been obtained by Aschan (op. 
c it., p. 1GG); it should be noted that camphor 
prepared by direct oxidation of camphene 
usually contains measurable cpiantities of iso- 
borncol. In spite of the additional compli- 
cations, however, it is generally preferred to go 
through the isoborncol stage, as higher viclds 
are obtainable, and, if a catalytic oxidation 
process is used, the expense of chromic acid 
regeneration is avoided. 

Refining of Camphor. — If an acid oxidising 
agent has been used, n preliminary treatment 

Yol. 11. — 17 


with caustic soda is necessary. Other methods 
comprise heating at a temperature of about 
200° (B.P. 118489) with or without addition 
of alkaline reagents such as quicklime. These 
may be followed by sublimation, steam distil- 
lation, or dry distillation. 

Sublimation is the oldest method of purifying 
camphor, and synthetic camphor may be treated 
in the same way as natural camphor. Objec- 
tions to the sublimation process are based on the 
slowness of the operations and the large amount 
of space taken up by the sublimation chambers. 
Steam distillation gives a good product, but the 
consumption of steam is very high and the 
camphor has to be subsecpiontly freed from 
water. Camphor also tends to adhere to the 
cooling surfaces and reduces their efficiency, and, 
owing to its high melting-point, there is a 
danger of blocking up. Some of these objections 
are overcome by distillation in a solvent such as 
light petroleum or benzene. Subsequently the 
solvent is removed from the camphor by vacuum 
distillation. Distillation may be carried out 
from an oil-jacketed vessel, preferably in 
presence of a solvent from which the camphor 
is afterwards crystallised. 

Direct Pinene Esterification. — Pinene 
reacts with acids to give esters of borneol, hut 
whereas the bornyl esters of weak acids give 
borneol on hydrolysis with alkalis, the esters 
of strong acids such as bornyl chloride are 
hydrolysed with greater difficulty and yield 
principally camphene and camphene hydrate. 
This is true not only of bornyl chloride ; a 
similar reaction lias been investigated by 
.Mecnvein and collaborators (Annalen, 1927,453, 
1G) who showed that 2-chlorocymene-o-sid- 
phonic acid gave a 73% yield of the bornyl ester 
with pinene and that hydrolysis of the ester 
proceeded as for bornyl chloride. Weak acids, 
however, give low yields of bornyl esters from 
pinene, thus nullifying the advantage gained by 
the simplification of the manufacture as a 
whole. 
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Treatment of pinene \uth acetic aeid by 
Bertram and Walbantn’s process yields only a 
small proportion of bomy I acetate, together with 
fenchyl acetate, terpinyl acetate, and dipentene 
A better yield is given by oxalic acid, and the 
manufacture of camphor was started using this 
process in America, but was not a success and 
the project was abandoned Among other acids 
put forward are benzoic acul, salicylic acid, 
pjmc and, tetraihloroplithahc aud, benzoyl 
Lcnzon and, and boroicctic acid Tetrachloro 
phthilic acid is cl iiiiicd to give a high yield of 
bomy I ester but is rather an expensive substance, 
and, like benzoyl benzoic acid, is not stable in 
presence of alkalis Boroacetic acid as a 
catalyst for the esterification of pinene by acetic 
acid lias been proposed, and an investigation 
of the reaction has been earned out by Dupont 
and Pascaud (Bull Inst Pm, 192G, 437), who 
obtained 22-25% secondary alcohols (borneol 
and fenchol), 12-30% tertiary alcohols (tcrpin- 
eols), and the balance monocyclic terpencs 

By hydroKsis of the esters borneol is formed 
and not nobomeol , it is optically active, 

/ pinene giving l borneol and by ovulation 
/ camphor (Active iso borneol gives camphor 
of opposite sign ) The production ol borneol 
is an advantage as it is more readily dehydio 
genated j but on the othci hand separation of 
the borneol is more difbcult owing to the presence 
of ftnchyl alcohol in considerable proportions 
A mixture of lenchyl alcohol and borneol may 
be oxidised to the corresponding ketones and 
separation more readily effected by fractional 
distillation, fenchone distilling at 192°, com 
pared with 209° for camphor. 

Pinene Isomerisation. — Direct conversion 
of pinene to camphcnc by catalysis was first 
observed by Armstrong and Tilden (Ber 1879, 
12, 1752), who treated pmene with concentrated 
sulphuric acid, but the yield was very low. The 
action of clays on pinene first proposed in 1910 
(B P 10227, 1910) was investigated by Gurvitxih 
(.1 llnss. l’hys Cliem hoc 1915, 47. 877), who 
obtained evidence of camphcnc foimation by 
tlusiciction More recently Kuwnta(J Faculty 
Eng. Tokyo Univ. 1929, 18, 117) and Budakov 
and Tisihtschenko (J Appl Chem Russia, 1933, 
6, OUT) have studied the reaction, yields ot ' 
50-02% camphcnc being claimed by' the latter 

Other groups of catalysts have recently been 
patented. In GP G0123G various neutral 
sulphates, such as nickel sulphate monohydratc, 
are claimed Another senes includes weak 
inorganic acids, such as antimonic, arsenic, 
titanic and tungstic acids, as well as complex 
heteropoly acids such as phosphoinoly bdic acid 
(G 1*. G10402), in this patent a yield of 83% 
is claimed. In addition there ure patents 
describing various methods of preparing the 
catalysts in an active form (eg. F.P. 739770) 
The action of catalysts in the isomerisation of 
pinene to camphene n thus well established, but 
the mechanism of the reaction is obscure, no 
direct method of com crsion being apparent from 
study of the structural formulas of the two 
substances In practice, the success of this 
process depends on the yield of camphcnc 
compared vvith the pinene hydrochloride process. 

Ritter’s Process. — This n described m 


J. Amer. Chem. hoc. 1933, 55, 3322, although 
up to the present it has not been developed on 
a manufacturing scale. It forms an alterna 
tive route to camphor from horny I chloride, 
depending on the levcrsible formation of 
phenyl tsoborny 1 tmine (isobornylamlinc) from 
camphene and aniline The compound was first 
discovered by Ullmann and Schmid (Bcr. 1910, 
43, 3202) as a by product in the dchydrochlon 
nation of horny] chloride by means of aniline, 
and its formation is catalysed by aniline hydro* 
chloride produced in the dchy drochlorination 
process. As the amine is of low v ol.itility it can 
be readily separated from camphene, and by 
suitably choosing the concentration of the re 
agents and returning unchanged camphene after 
separation to the next batch, the whole of the 
camphene is finally converted to phenyl iso 
horny lamme, a substance which can be distilled 
at low pressures ■ 

C 10 H,,CI+ NH 2 Ph -» C 10 H 1B +PhNH i HCI 
c i6 H i»+ NH z Ph -*• C w H„NHPh 
The secondary amine tan be dehvdiogui itcd to 
produce camphoranil in good yield Dehydro- 
genation is best brought about by means of 
sulphur , metallic cataHst* can also be used 
but aie not so effertiv e 
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Camphoranil, on hydrolysis with dilute sul- 
phuric acid, gives a quantitative yield of cam- 
phor and aniline sulphate, from which aniline 
can be recovered for use again in the first stage 
of the process. This process gives camphor of 
good quality but has no special advantages for 
large-scale work over the more usual methods. 
No substantial improvement in yield may be 
expected since the largest loss takes place in the 
formation of bomyl chloride, which is common 
to both processes. Further considerations are 
the use of large quantities of aniline, and the 
production of sulphuretted hydrogen as a by- 
product. 

Other methods of making camphor from 
pineno have been proposed, but although fre- 
quently quoted are at present of little value. 

Any process for preparing synthetic camphor 
which can be made to compete with the cost 
of the natural product must obviously be a 
cheap process. Formerly the trees were cut 
down before the camphor was extracted from 
them, and as these trees were of some ten 
years’ growth camphor prepared in. this way 
was a costly material. In earlier days it looked 
as if the synthetic substance would replace that 
from the camphor tree and that the history of 
natural Indigo would be repeated. But the 
Japanese were wiser than the Indigo planters. 
They called chemistry and botany to their aid, 
and by improving the variety of plant and 
merely harvesting the twigs and leaves they 
were able to produce the natural ketone at 
a cost which rendered competition from the 
synthetic material exceedingly difficult. 

Alternative Sources of Raw Materials 
— Camphor has also been made from naturally 
occurring borneol or bornyl acetate. Bomeol 
found in the Borneo camphor tree (Dri/obalanops 
aromalica) in a crystalline state is scarce and is 
valued too highly for use as a raw material for 
camphor manufacture. Borneol is also found 
to a small extent (2-5%) in pine oil, many million 
pounds of which are manufactured annually. 
The expense of separating the borneol, however, 
has hitherto prevented development of this 
source of supply. Bine needle oil from the 
Siberian fir contains 33-40% bornyl acetate, 
together with smaller quantities of pineno and 
camphcne. It is comparatively easy to separate 
the borneol and convert it to camphor by one 
of the usual methods, but apart from its value in 
perfumery, pine needle oil is limited and un- 
certain in supply besides being a monopoly of 
the U.S.S.K., so that at the present time it 
cannot be regarded as a potential source of 
camphor except, perhaps, in its country of 
origin. 

Purification for Pharmaceutical Use 
— Technical synthetic camphor is usually sup- 
plied as a white crystalline powder containing 
99-95% camphor, together with fsofenchone, 
tsoborncol, and bornyl chloride ns the chief 
impurities. The melting-point is lSO’-lGo 0 
and affords a sharp indication of the state of 
purity owing to the high molecular depression of 
camphor, the pure compound melting at 178-0°- 
178-5°. Melting-point, however, is not entirely 
reliable, ns some substances, including iso- 
borneol, raise the melting-point of camphor 


even when present in low proportions. Purifi- 
cation of camphor is rendered extremely difficult 
owing to the closeness of the boiling-points of 
the impurities, all within a few degrees of 
209°, which prevent ready fractional distil- 
lation, and also by the formation of solid solu- 
tions which interfere with the usual reerystal- 
lisation methods. A single recrystallisation 
alters only slightly the proportion of impurities ; 
and isobomeol, having a lower solubility than 
camphor in the usual solvents, becomes con- 
centrated in the solid phase, successive re- 
crystallisations actually increasing the pro- 
portion of i.soborneol. (Methods have been found 
to overcome these difficulties and pure synthetic 
camphor is now available as an article of com- 
merce, and is admitted to the Pharmacopoeias 
of Great Britain, U.S.A., and Germany as an 
alternative to natural camphor, witii which it 
is chemically identical, differing only in optical 
activity. 

Purification for Use in Industry.— 
The technical grade of synthetic camphor is 
sufficiently pure for use in celluloid manufacture, 
although some impurities are more objectionable 
than others. Bomyl chloride should be elimin- 
ated as far as possible, but if the camphor is 
made by a process involving pinene hydro- 
chloride, chlorine can usually be detected in -the 
finished product, although this rarely exceeds 
0-01%. isoBorneol is present to the extent of 
2-4% and although having no positive value in 
celluloid is not specifically detrimental, iso- 
Fenchone, on the other hand, has a gelatinising 
effect on nitrocellulose similar to that of 
camphor, and the chief objections to its presence 
are its lower stability to light and heat, and more 
pronounced odour. 

Analysis. — Analysis of camphor cannot be 
carried out with great accuracy as there is no 
satisfactory method known for its direct estima- 
tion. Such methods as have been described 
depend on the reaction of semicarbazide, thio- 
semicarbazide, phenylhydrazine, hydrox-ylamine, 
etc., with the ketone group in the normal manner, 
and are not specific to camphor but take place 
also with other ketones, such as isofenchone, 
which may be present. Owing to the different 
solubilities of the camphor and isofenchone 
derivatives, gravimetric methods do not give' a 
very accurate result for the total ketone content, 
although by using a system of solubility cor- 
rections a fair approximation can be obtained. 
A volumetric method using hydroxylamine 
hydrochloride gives good results for the total 
ketone content (Yandoni and Desseigne, Bull. 
Soc. chim. 1935, [v], 2, 1685). 

isoBomeol can be readily determined by 
acetylation with acetic anhydride, followed by 
hydrolysis of the ester produced with standard 
alcoholic alkali. Chlorine is determined by 
oxidation with nitric acid in presence of 
silver nitrate, or by Stepanoff’s method using 
sodium. A method using sodium peroxide is 
described in the I'.S. Pharmacopoeia, but there 
is no chlorine test in the correspondin'* B P C 
1934. 1 ° 

Plant used for synthetic camphor manu- 
facture. This calls for no special comment, 
and is constructed from the usual types of 
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apparatus or in (hides highly specialised units tie 
v eloped by the manufacturers concerned. The 
type of process adopted depends on the costs of 
raw materials and services ; a process run by a 
highly organised chemical industry would prefer- 
ably guc the highest possible yield at the ex- 
pense of an increase in complexity whereas 
under more pnnutixc conditions with i cry 
cheap pinene .nailable, a simpler process 
gmng lower y tclds might conceivably lx more 
economical 

World Production and Prospects. — 
Official statistics for cninplinr relate only to 
imports and exports, and only vciy .i])prnxiinate 
estimates can be given for the tot il production , 
but it is probable that the world « iminntl cam 
jihor production is about 10, (Wo tons m normal 
conditions This is dn ided among the principal 
producers as follows 

Nntunl Camphor (Japanese) 3,000 tons. 

Synthetic Camphor (German}) .'3,000 „ 

„ „ (I’bA.) . 1,000 „ 

About 80% of the uorld a camphor is used in 
celluloid manufacture And the remainder chiefly 
for pharmaceutical purposes In India, an 
important market, the principal use is in con 
ncction with religious ceremonies and burning 
ghats 

During the economic depression of 1930- 
1 D3."i camphor production fell considerably and 
has not }ct (1938) reached the 1939 level * Anj 
increase is unlikely to be large and there is 
not much scope for further expansion in the 
industry , the potential capacity of existing 
plants being in excess of normal requirements 
Future developments will show an increased 
effieicnev m manufacture with a preference for ; 
catalytic processes 

Prices of camphor at one time followed the 
price movements of natural camphor and 
were subject to wide variation \\ith the 
growth of the synthetic camphor industry the 
reverse has been the case, ami natural camphor 
prices now follow synthetic camphor prices, 
which m the long run depend on the price 
of turpentine. Prices up to 7s Grf a lb were 
recorded during the Russo Japanese At ar 
of 1904-190G, and during the Great A\ar, 1914- 
1918, but in the period 1930-1933 the lowest 
figure on pecord was a little ov cr Is a lb 

No attempt has been made in this article to 
give complete references to the subject, which 
arc to he found priniipad} in the patent 
literature. The follow mg publications arc av ait 
able for further reference 
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CAMPHORONE. The ketone, 
CHj — CHMe 


CH 2 — C CMe 2 

obtained by the distillation of calcium cam. 
pliorate, k ]>. 200’-20.r, d 20 0 9.13, h“ I 4824 
(Wallach and Collniann, Atnului, 1904, 331, 
.320) 

CAMWOOD. Camwood, or ‘‘ rambe w ood,” 
stated to be derived from a variety of flnphtn 
mttda, I.od (I (cf Barwcioii), is very similar in 
general properties to the other “ insoluble red ” 
d>e woods Jt yields, however, deeper shades on 
dyeing, and it-- colouring inattri is snnl to he 
more soluble than that present m the other 
woods 

It has been examined by O Neill and Perkin 
( J C 8 1918, 113, 120) who employed for tins 
ptirjmsc similar methods to those found service 
able with snndcrswood 

isaSantahn, C 22 H 16 O 8 (0CH a ) Jt the Hum 
colouring matter, forms a chocolate coloured 
powder which on grinding becomes redder in 
appearance, and is readily soluble in boiling 
methylated spirit When heated it shows no 
sign of melting, darkens at 280°, and js fully 
decomposed at 290 o -300°, being then a ear 
bonaieous powder It gives with alcoholic 
potassium acetate the salt, C 96 H e ,0 32 K or 
C 72 H 8 s 0 21 K, shows evidence of the formation 
of soluble oxomum salts, and in general 
properties closely resembles its isomer santalm. 
The colour reactions and also the dyeing proper 
tics of the two compounds indicate, however, 
that they arc distinct substances. Acetyhm 
santalm, CjjHjgOgfCjHjO)*, consists of a deep 
salmon pink pow dor w hieh is gradually decom- 
posed, without melting, between 250° and 280°. 
A molecular weight determination employing 
naphthalene gave the high figure 2,344, a rcaftlt 
very similar to that giv en in these circumstances 
by acctylsantahn itself, and which may possibly 
be due to the production of a colloidal solution 

Deoiyisosantalm, C 22 H, 8 O s (OCHj) 2 . corrc 
spending to the deoxy santalm of smderswood, 
is a scarlet amorphous powder which, when 
heated, docs .not show a distinct melting-point 
but decomposes at J60°-163° with evolution of 
gas A comparison of its colour reactions and 
dyeing properties with those of deoxysant dm 
shows that the substances are distinct. Acetyl' 
deoeyi*osantalm, C 2t H J0 O,(C 2 H a O) 4 , consists 
of an almost colourless powder which fuses and 
decomposes at 170 Q -175°. A molecular weight 
determination, employing naphthalene as sol 
vent, gave the figure 1,324, which is approxi- 
mately half that found in the same circumstances 
for acetyhsosantalm 

Camwood does not appear to contain cither 
pterocarpin or homoptiroenrpm. 

Dyeing Properties — On wool mordanted 
with bi<h mine and cream of tartar i mss nt a bn 
gives a violet-red, and dtoxy isesantalin a dull 
rccl-vmlet shade. With santalm anil deoxy- 
santalm, under similar conditions, jrnle reddish* 
pink and dull crimson shades, respectively, arc 
obtained. A. G. I*, and E. J- L. 
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CANADA BALSAM (AND RESIN). 

Canada balsam is the oleo-rcsin exuding from 
sc-hizogenous duets in the wood of Abies bal- 
samca .Mill. (Fam. I’inaeca?) into ravities, from 
which it is collected. The tree is indigenous to 
Canada and the northern portion of the United 
States, the balsam being collected principally in 
Quebec. It is a clear, pale yellow, viscous sub- 
stance, resembling turpentine oleo-rcsin. Its 
use is not extensive, being employed to a small 
extent in the manufacture of flexible collodion, 
and for the mounting of microscopic specimens, 
ns it dries in a transparent form without 
crystallisation, and has a suitable refractive 
index. It often has a slight green fluorescence. 
The characters of Canada balsam are as follows: 


Specific gravity at 15-5°. 

0-985-0-997 

Optical rotation, . 

+ 1° to +5° 

Refractive index, vJfi 

1-518-1-523 

Acid value .... 

80-90 

Ester value .... 

4-8 

Acid value of resin . 

120-125 


The balsam contains from 15 to 25% of essential 
oil, having properties very similar to those of 
oil of turpentine, the chief constituent of the oil 
is 1-pinenc. 

The resin is said to contain a rescue and two 
acids termed a- and /5-eanadolinie acid. 

According to Trost (Annnli Chim. Appl. 1936, 
26, 38), the principal acid is eanudolic acid, 
C 2 pH 30 O 2 , melting at 165°-1G8°, an isomer of 
abiotic acid (q.v.). It is dehydrogenated (Se) 
to retcnc, gives a compound, m.p. 226°, with 
maleic anhydride, and is converted by acetic 
acid at 100° into Steele’s abiotic acid. E. J. P. 

CANADA PITCH. Hemlock spruce resin. 
A reddish-brown resin resembling Burgundy 
pitch, exudes from the trunk of the hemlock 
spruce. Tsuga canadensis Carr. (Fam. Pinaceso). 
It is used as an astringent in catarrhal diseases of 
the mucous membrane (B.P.C. 1934). 

“CANADA SNAKE-ROOT” v. . Asa- 

RVM CaNADENSE. 

CANADINE, one of the Hvdrastis Alkaloids. 

CANANGA, ESSENTIAL OIL OF. 
The oil distilled from the flowers of Cananga 
odorala Hook (Fam. Anonaccie), which is cul- 
tivated in the Philippine Islands, Reunion, 
•lava, Madagascar, Mayotte, Mauritius, Jamaica, 
and the Seychelles. This tree is the source of 
oil of yhtng-ylang, the finest qualities of 
which are produced in the Philippines and 
Reunion. The cananga oil produced in Java 
is of an inferior quality. 

Composition . — The oil consists mainly of 
tct'pcncs and sesquiterpenes with a small 
quantity of esters of acetic and benzoic acids, 
linnlool, nerol, and fnrnesol. 

Characters. — Sp.gr. at 15-5° 0-905-0-940, op- 
tienl rotation at 20° — 17° to — 55°, w™ 1-490- 
1-505, ester value 10-40, ester value after acetyla- 
tion 45-100. The oil is not soluble in 90% 
alcohol, and even in 95% alcohol it forms a 
slightly opalescent solution. C. T. B. 

CAN AR 1 N . When a solution of ammonium 
sulphocyanide and sodium chlorate is boiled, a 
yellow precipitate of pcrsulphocyanogen 


C 3 H 3 HS 3 [“ Canarin,” Proehoroff of Moscow] is 
formed. This reaction is readily carried out on 
the fibre, and affords a cheap method for the 
production of a fast yellow. As there is a 
tendency to weaken the fibre, particularly when 
in contact with hot metal, traces of. a vanadium 
salt are added (H. Schmid, J. Soc. Dyers and 
Col. 1921. 37, 219). 

CAN AVAN 1 N E r. Amino Acids. 
CANDELI LLA WAX is the commercial 
name given to a deposit that forms on the twigs 
and leaves of the candelilla tree, of which there 
are several species. Euphorbia antisyphilitica, 
Pedilanthus paronis, and P. aphyilus, all belong- 
ing to the Euphorbiacca?, and growing in Texas, 
Arizona, Mexico, and the northern parts of 
Central America. 

Originally the wax was separated from the 
plant by means of steam, the yield being 1-5- 
2-5%, but it is now usually extracted with 
solvents, notably benzene, and a yield up to 
6% is obtained. .Special forms of extractor 
were patented by Thatcher (U.8.P. 1056378, 
1913), and a method and apparatus for crushing, 
screening, and extracting the plant were claimed 
by Garcia (U.S.P. 1715194. 1929). Other 

methods of extraction include that of Sharp 
(U.S.P. 1018589, 1912), in which the plant 
material is mixed with fullers’ earth and 
extracted with light petroleum, and those of 
Watson (U.S.P. 1042992, 1912 ; 1058648, 1913), 
in which the material is heated to 149° and sub- 
jected to a downward current of steam. 

The crude wax is yellowish -grey to dark brown 
and at the ordinary temperature is odourless, 
but when warmed has a fragrant aromatic 
odour. It is refined by melting with water 
acidified with sulphuric acid and straining, or 
by treatment with solvents and adsorbents. In 
the process claimed by A. Riebcck’schc Montan- 
werke A.-G. (B.P. 299357, 1928) the crude wax 
is dissolved in methyl alcohol, glycol, butanono, 
or other solvent, and treated with an adsorbent, 
notably decolorising carbon activated with zinc, 
chloride. 

The crude wax may contain from 1 to 6% of 
water, and this is the probable explanation of 
the high specific gravity recorded for some 
specimens (e.f/. by Farcy, Ann. Falsif. 1920, 13, 
97) ; it may also contain as much as 15% of 
dirt including about 1-5% of mineral matter. 

Govier (Oil and Fat Ind. 1930, 379) gives the 
following values for commercial samples of the 
wax : 

Sp.gr. at Melting- Acid Sapouifica- 

15‘. point. value, tion value. 

Light wax 0-993 68-4 21 55 

Dark wax 0-950- 6S-70 13— IS 50-60 

0-990 

^ allies recorded for the crude wax arc as 
follows : 

Specific gravity at 15° . . 0-9S25-0-9850 - 

Acid value ! 12-4-14-4 

Melting-point .... 67°-71° 
Solidifying point .... 64°-0S° 
Saponification value . . 46-1-64-9 

Iodine value 10-0-36-8 

Unsnponifiablc matter . . 77-91% 

1-4558 
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The variations in the melting point, acid value, 
and iodine value are attributable to the 
different amounts of resin (Meier and Soyka, 
Monatsh. 1913, 34, 1139). 

Farcy (Ic.) obtained about 6% of wax from 
Pedtlanlhvs aphyllus by extraction with benzene. 
It had the following characteristics : 


Melting point 
Specific grav ity 
Free acids 
Total acids 
Hydrocarbons 
Iodine value 


. 64°-66° 

1 001-1 002 
18-19% 

. 66-67% 
33% 

20-21 


According to Stacmpli (Soifena Ztg 1931, 58, 
55) candcldla wax contains from 50 to 32% 
of hydrocarbons, especially hentnacontane, 
C 3J H S4 (m p. 68°), about 1% of a hydrocarbon 
of mp 85°, 20% of melissic acid partly free 
and partly as the myncyl C9ter (m p. 88°-90°), 
10-14% of mynoyl alcohol, 10% of resinous 
constituents and traces of a phytosterol with 
m.p. o\er 150°. 

Collins (J 8 C !. 1933, 54. 33T) found 70% 
of a hydrocarbon similar to tbat in esparto 
wax (Meyer ami Soykn, l.c ) consisting mainly 
of the n paraffin, C 3I H„, melting at 62°-63° 
(mdcf ), with a second well defined m p. 67 7°- 
67 8°, and resolidifying at 67 4°. 

Leys (J. Pharm. Chim 1925, 117, 417) 
devised a method of analysing candchlla wax 
and similar vegetable waxes, according to 
whicli the saturated acids are separated m the 
form of copper salts and the higher alcohols by 
means of benzene. 

The colour of the wax, which is not readily 
bleached, is a drawback to its use for many 
purposes for which camauba wax is suitable. 

It is used in the manufacture of gramophone 
records, boot polishes, linoleum, varnishes, and 
carbon duplicating papers, and for the insulation 
of telephone wires. C. A. M. 

CANDLENUT. (Aleurites triloba Forst. 
or A. moluccana , Wild ) This is a tropical oil* 
bearing nut of similar size and ahape to the 
walnut. The nuts are eaten, roasted, by natives. 
The oil itself is unsuitable for food owing to its 
purgative properties. To separate nuts from the 
shells after crushing a process of flotation in brine 
(d 1-J0) is adopted. P. Amann (Recherchcs et 
Inventions, 1935, 16, 312) records analyses of 
.Madagascar samples as follow s 

Percentages : 


HjO . 

Crude protein 
Ether extract 
Ash . 


Shells 
7 97-9 86 
1 72-2 19 

4 04-7 74 


Kernels 
3 14-3 49 
18 75-24 56 
61 6—65 5 
2 76-3 34 


Constituents of Ash : 

P,O s .... 0 93-1 88 20 5-28 3 

KjO I 93-3 79 5 86-7 46 

CaO .... 32G-606 54-78 

MgO 2 23-3 50 0 82-1-77 

A. G. Po 

CANDLENUT OIL or LUMBANG OIL 

is the fatty' oil obtained from the seed kernels 
of the tree Aleurites moluccana L,, Wllld. 


(*-.4. triloba Forst. 1 ) (Fam Euphorbiacea), 
w huh is a native of the South Sea Islands of the 
Malayan region, Polynesia and the Hawaiian 
Islands The tree is especially cultivated for 
the sake of the oil m the Philippine Islands, 
both for local and export purposes, and has 
also been introduced into Madagascar, Africa 
ami Brazil. The English name “ candlenut ” 
is stated to be denv ed from the practice of the 
Hawaiians of stringing the dried kernels on to 
reeds or sticks in order to form a “ candle,” 
several of which are wrapped in a pandanus 
leaf in order to make a torch (cf. E. V. Wilcox 
and A. R. Thompson, Hawaii Agnc. Exp. Stat. 
Bull 1913, 39) In the Philippines the 
tree is known as “ lumbang " or “ lumbang 
bato,” and m Brazil as “ nogueira de Iguape ” ; 
to the French it is know n as “ bancouber ” and to 
the Germans as “ Bankulnussbaum,"' “ Candle- 
nussbaum ” or “ Lichtnussbaum ” ; the oil is 
also known as “ kckui,” “ kukui,” or “ Kekutia ” 
oil in Hawaii and Ceylon. 

The seeds, often erroneously termed " nuts," 
have very hard shells, and, moreover, it is 
difficult to separate the kernels from the shells . 
the natives either break the seeds by hand- 
labour or employ methods by which the seeds 
are first heated and then rapidly cooled in order 
to fracture the shell and allow the kernels to be 
extracted , for large scale production it mav 
prove practicable to separate shells and kernels 
by sifting after a short crushing treatment of the 
dried seeds in an edge runner mill (Gcorgi, 
Malay. Agnc. J. 1926, 14, 292) The kernels 
contain from 50-60% of oil, corresponding to 
16-20% on the whole “ nut.” The cold drawn 
oil is limpid and pale in colour ; the statement 
that cold drawn lumbang oil from plantations 
in Florida is fit for edible purposes (Gardner, 
Amer. Paint and Varnish Manuf. Assoc., Cire. 
335, p. 611) requires confirmation, in view of the 
fact that the Philippine oil, at least, contains 
an essential oil (Santiago and West, Philippine 
J. So. 1927. 32, 41) and has usually been credited 
with purging properties. The expressed cake 
13 unsuitable for use as a cattle food owing to its 
purging and toxic properties. (For analyses of 
kernels and cake, see Sender, “ Die Tropisehe 
Agnkultitr,” 1913, II, 515 ; Aguilar, Philippine 
J. Sci. 1919, 14. 275; Lewkowitsch, JSCI. 
1901, 20, 909). The expressed oil has thefollow- 
ing characters : spgr. at 15° 0 920-0 929. 
refractive index 1-4724-1 476/30°, saponifi- 
cation value 188-214 (usually 192-195), iodine 
value 140-164 (usually 149-160), unsaponifiable 
matter 0 3-0 4% ( see Richmond and del Kosano, 
Philippine J. Sci 1907, 2A, 439 ; West and 
Montes, iiid. 1921, 18, 619 j Eaton, Agnc. 
Bull. F.M S 1919, 7, 162 ; Georgi, Malay. 
Agnc. J. 1922, 10, 202 ; 1926, 14, 292 ; T. H- 
Barry, J.S C.I. 1929, 48, 289T ; Glaze, Cbcm. 
Met. Eng. 1927, 34, 749). 

The fatty acids from samples of the oil 
examined by Walker and Warburton (Analyst, 
1902, 27, 237) yielded 112-12 6% of ether- 

1 A triloba lias been occasionally, but erroneous!), 
referred to In the literature as a distinct species, but 
all stages of leaf development, from simple leaf to we 
three-lobed type, may be found on the same tree 
(ef H Sender, “Die Iroplsche .Agrlkultur," 1U0 j,i*i 
517) 
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insoluble heva bromides, corresponding to a Tallow, as a candle material, suffers from the 
content of about 4-4-6% of a-linolenic acid, disadvantage that it emits an acrid odour on 
whilst Cruz and West (Philippine J. Sci. 1930, burning, due to the formation of acrolein by 
42, 251) report about 8% of a-linolenic acid, incomplete combustion of the glycerol present 
About 2% of saturated acids are present, and in the fat. An enormous improvement in candle 
the balance of the acids consists of linolic and manufacture was effected by the introduction 
oleic acids. It will be noted that although the of stearine, a mixture of palmitic and stearic 
lumbaug tree is allied botanically to the tung acids, which followed as a result of the researches 
oil tree, A. Fordii Hclinslcv (see Aleekites of M. E. Chovreul (1815: Recherches 

Species), and to the “ soft lumbang ” (“ bagilum- ehimiques sur les corps gras d’origine animale,” 
bang ” or “ lumbang banaculag ") A. trisperma 1823) on the saponification of fats and their 
Blanco, the seed-oils are strikingly dissimilar, successful technical exploitation by de Milly and 
since candlenut oil, unlike the others, con- Motard (1833 : cf. Payen, Bull. Soc. d’Eneour. 
tains no ekeostearic acid. In correspond- 1833, 156) ; these fatty acids, which are pre- 
cnoe with its low content of a-linolenic acid and parc-d by the hydrolysis or saponification 
high content of linolic acid, candlenut oil ex- of the glycerides constituting natural fats, 
hibits fair drying properties and is used in the contain no glycerol and therefore produce no 
tropics for the preparation of paint'-, etc., as unpleasant smell during combustion. The 
well ns for soap-making and as an illuminant. melting-point of stearine is higher than that of 
A more extended application to the manu- tallow, and it is, moreover, excellently suited 
facture of paints, printing inks, rubber-sub- to the production of candles by moulding (cast- 
stitutes, soft soap, etc., Mould appear to be ing), provided the manipulation is carefully 
justified (see A. P. West and Smith, Philippine conducted so as to prevent cracking during 
Bur. of Forestry, Bull. 1923, No. 24 ; Aguilar, cooling (v. infra). 

Philippine J. Sci. 1917, 12, A, 235 ; T. H. Stearine was in its turn displaced from its 
Barry, l.c.). E. L. leading position by paraffin wax: in 1851, 

CANDLES. A candle is a solid illuminant James Young (B.P. 13292, 1850) succeeded in 
consisting of a rod of fatty or waxy combustible producing a pure white paraffin wax from 
material surrounding a central wick. By means Scottish shale oil, which was applied to the 
of the wick the melted wax is fed regularly, by manufacture of candles under a patent by 
capillary attraction, to the point of combustion J. K. Field and C. Humfrey (B.P. 454/1856; 
at the tip of the wick. cf. J. L. Field and C. Humfrey, Jun., B.P. 

The earliest forerunner of the candle was 1821/1857; cf. also earlier patents of G. F. 
undoubtedly tho torch, consisting of pine Wilson. B.P. 12512/1849, and W. de la Rue, 
branches saturated, naturally or artificially, B.P. 1748/1853). The absence of any tendency 
in resinous or fatty matter ; but primitive to crack during rooling (-which had caused 
forms of the wax candle and tallow dip (rush- difficulties with the early stearine candles), 
light) ivcrc known to tho Romans. From the the lustre, and ready adaptability to ornament in 
earliest days the production of tallow candles shape and colour, of paraffin wax rapidly 
was a house industry, for which domestic waste established the pre-eminence of this material 
fat (tallow) was used, whilst the more expensive for candle manufacture ; moreover, it was 
beeswax was utilised for the wax lights employed soon available cheaply and in large quantities, 
by the richer classes and for religious purposes The most important materials for present- 
(i \infra). This distinction is emphasised by the day candle manufacture (apart from beeswax, 
different nomenclature applied by the Romans which is only used for special purposes, v. infra) 

( scbaceus and cereus ) and the French ( chamlelle arc stearine and paraffin wax. Pure stearine 
and bowjic) to tallow and beeswax candles candles are still produced in quantity on the 

Continent (especially in France, Belgium, 
Holland, and the Scandinavian countries), 
but in England, Germany, and the United 
States, they are only used to a relatively small 
extent for lamps and purposes where the 
opaque appearance and exceptional stability 
to heat are particularly valued. In these 
countries stearine is chiefly used in admixture 
(from 2-30%) with paraffin wax, in order to 
impart greater stiffness and opacity to the latter. 
Pure paraffin wax is unsuitable for use alone in 
most cases, as the readiness with which it 
liquefies by heat causes the candle to “ gutter ” 
excessively ; moreover, paraffin wax has the 
objectionable property, which is independent 
of the melting-point, of becoming plastic 
after exposure to a moderate degree of heat, and 
so allowing the candle, unlike a stearine candle, 
to bend at temperatures considerably below its 
melting-point. 

Candle stearines are chiefly obtained from 
tallow, palm oil, and bone fats. Either the 
TwitchcII or the autoclave process may be 


respectively ; mere is also an essential dincrcncc 
in the method of manufacture, tallow candles 
being dipped and beeswax candles being poured 
(or drawn) and rolled, which is reflected in the 
existence of two distinct Livery companies in 
the City of London, viz. tho Tallow Chandlers 
and the Wax Chandlers. 

Spermaceti, a white crystalline wax con- 
stituting tho solid fraction of sperm oil, 
from the head-cavity of the sperm whale or 
cachalot, came into use in tho middle of tho 
eighteenth century ; it is now used only to a 
limited extent in candle manufacture, in ad- 
mixture with other materials. Formerly the 
sperm (i.c. spermaceti) candle 1 was used ns a 
photometric standard of light, but it has now 
been entirely superseded by the pentane lamp, 
electric lamps, and, more recently, by radiation 
standards. 


1 The modern so-called "sperm candle" is n< 
lancer made of spermaceti, lmt is composed of tin 
ordinary mixture of paraffin wax and stearine : tin 
name merely denotes a particular size and sliapo. 
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u«cd for the saponification, and the crude acids 
arc subsequently distilled before pressing out 
the liquid oleine. In the earlier da\ a of steanne 
candles, the acid saponification process, which 
induced the formation of large amounts of solid 
unsaturated acids (iso-oleic acid) and so increased 
the yield of solid candle material, was fax oured, 
but whilst iso oleic acid is a satisfactory con 
stituent (within limits) in steanne candles, it 
may be detrimental in mi ted atearme paraffin 
candles Hcnco such processes arc now not 
much used, at least in this country, for the 
preparation of candle steartnes The art of 
manufacture consists in so selecting the stock 
that the proportions of palmitic and stearic 
acids in the final distilled product xxill be such 
as to gixe suitably large crystals, from which the 
accompanying oleine inay easily be expressed. 
The following figures illustrate the properties 
of a distilled saponification steanne of good 
quality for candle manufactmc m p 130°- 
133T. (54 4'’— GO TC.), acid value 207-208, 
saponification value 208-200, iodine value 1-6, 
neutral material less than 1%, unsaponifiable 
matter practically ml, mean molecular weight 
of tho acids 268-270 Such a “ steanne ” 
consists of a mixture of palmitic (about 53 5%) 
and steanc acids with a small proportion of 
oleic and uo oleic acids, hydroxysteanc acid, 
etc. Similar standards have been adopted 
by the American manufacturers. (For specifica- 
tions and methods of testing presented by the 
French War Dept, for steanne candles, see 
P Bruire, Ann FaNif 1033. 20, 70 ) In order 
to obtain satisfactory burning, it is essential 
that the ash content— and in particular tho lime 
content — should be a minimum, ns even traces of 
lime (of the order of 0 003%) are stated to cause 
the formation of a “ skeleton ” on tho wick 
and consequent guttering (c/. Graefe, Soifens.- 
Ztg. 1007, 34, 11071 In recent years, con- 
siderable amounts of pale “stcaunes” made 
from hydrogenated fish oils and known in 
Japan as steanne r/i, have nppearrd on the 
mnrkct (<•/. Godo Yusi GIvccrm KK, Jap P 
03856; Ueno and Tschudukawa, J Soc Chcm 
Ind. Japan, 1035, 38. 693B) ; this product 
contains some undesirable low melting acids 
A neutral solid wax, known as kokaro, prepared 
by the hydrogenation of sperm body oil, is 
also a\ ailable ; this product docs not give either 
the same opacity or stability to a mixed candle 
as do ordinary' steannes, but as both these 
products can be produred cheaply in Japan, 
they are able to compete there with paraffin 
wax (c/. Allan, J. Inst. Pet. Tech. 1033, 19, 
155). 

Coconut stearin, which is a neutral material 
consisting of coconut oil, from which the more 
liquid constituents have been removed by 
expression f ef. Soamcs, B.P 5842/1820), was 
originally the chief ingredient of Price's 
" Patent Candlo ” and was retained for a long 
timo as an important ingredient of night lights; 
it has now, however, been largely displaced 
in this country by paraffin wax compositions. 

In the United Kingdom, paraffin wax from 
Scottish shale is u*ed for candle manufacture, 
as well a-s petroleum paraffin waxes from the 
United States, Burma, Galicia, As«am nnd 


Borneo, in Germany, paraffin wax is manu 
factured locally by the distillation of brown coal 
or lignite. Commercial paraffin waxes may 
have melting-points ranging from 30’-5C'C. 
(S6 e — 133 3 F.) ; Rangoon petroleum yields harder 
waxes with melting points up to 140°F. As the 
harder waxes have n certain tendency’ to stick 
in the moulds, it i3 common practice to blend 
paraffin waxes in order to produce mixtures of 
suitable properties (setting point ]20 o -138 <1 F.) 

As already’ stated, a proportion of a suitable 
steanne is usually admixed with the paraffin 
wax as a stiffener in order to prevent bending of 
the candles, but the stability’ to heat of a mixed 
candle is nev er as great as that of pure steanne 
candles, further, the inclusion of steanne 
imparts to the otherwise translucent paraffin 
wax an attractive opaque appearance, which 
is regarded by the public as an indication 
of quality. Whereas formerly 26-30% of 
steanne was employed, much smaller propor- 
tions are now current, for the desirable appear- 
ance can be imitated by tho addition of small 
amounts of “ opacifiers ” such as fi naphtbol 
or f) naphthol benzoate {“ Hertolan ”) Small 
amounts of other waxes, such as carnauba wax, 
montan war, and ceresm (purified ozokerite) 
are occasionally employed as stiffeners m 
addition to, or in place of, steanne Additions 
of minor amounts of various materials, e g lead 
stearate (Burke, BP. 14075/1914), methyl or 
ethyl alcohol (Moictti, 1\F. 431490/1911), 
amides |«jji phenylenediamide of stearic acid), 
etc., hav e from time to time been claimed to im- 
prove the appearance (by preventing" mottle ”) 
of the paraffin candle, or to facilitate moulding. 

The Wick, — The proper preparation of the 
wick is a very impoitant part of candle manu 
facture, since the behaviour of the candle in 
use largely depends upon its construction and 
treatment’ In the early prototypes of the 
candle, the amount of material serving ns 
wick was large in comparison with the amount 
of combustible material, for example, fhe pmo 
branthes m torches, the rope-stiands of the 
“ link,” the hempen cord of the “ flambeau, 
nnd the rush-pith of tho “ rush lights,” but 
this proportion has been gradually reduced, 
until the modern intio of about 1 part of wick 
to 50 parts of combustible has been reached. 

Until 1825 the only wicks used for "dips’ 
or candles were made of rush-pith or of twisted 
flax or cotton yam. As no means for consuming 
the wick evenly were nvadablc, the charred 
and smoking end hung down over the side of the 
candle and required periodic “ snuffing 
Cambac£res, m 1825, was tho first to recognise 
that the wick could not be consumed in its 
central position, and devised the “ braided 
or plaited wick, which exhibits a tendency to 
curve over in one direction, fhus bending the 
glowing end of the wick over into the outside 
(oxidising) region of the flame, where there is 
sufficient oxygen to burn it completely. Tlnj 
w orh vv as follow ed by v arious inv entions designed 
to improve upon the earlier form of the plaited 
wick, for example, bv twisting the wick round a 
rod nnd coating one side w ith paste (\V. Palmer, 
B.P. 9146/1841), or by introducing “gimpmg 
strings of wire (Trice's Co , 1840). One of the 
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most successful of these devices was the 
“ metallic-wick candle ” invented by Palmer 
(B.P. 14264/1852), who introduced a fine 

thread coated with metallic bismuth (the 
“ doctor ”) into the wick : when the candle 
was lit, the fusible metal formed a small globule 
at the tip of the wick, which, by its weight, 
bent the wick over into the outside of the flame, 
where the charred cotton was oxidised and the 
bismuth volatilised. Cam bare res’ original wick 
was round, but the later flat type of wick (first 
made by Thomas Topham in England at Ripley 
in 183(1) proved entirely satisfactory when 
properly “ pickled ” and is still in use to-day. 
Tho “ pickling ” process consists in impregnating 
the wick with a dilute solution of certain 
mineral salts, tho effect of which is to produce 
clean burning by regulating combustion and 
helping to vitrify the ash : “ pickling ” also 
appears to be one of tho secrets of the bending 
of the wick. Cnmbaceres, in his original patent, 
recommended a bath of sulphuric acid, but 
better materials were soon introduced, sue h as 
boric acid (de Milly, 1836), bismuth nitrate 
(Palmer, B.P. 5979/1830), ammonium borate 
(d’Arcct). The modern pickling solutions are 
mostly prepared from selected mixtures of 
borax, ammonium chloride, sulphate or phos- 
phate, potassium chloride or chlorate, sulphuric 
and nitric acids, nitrates, silicates or tungstates ; 
almost every manufacturer has his own recipe, 
regarded as a trade secret, adapted to the 
wick and to the candle material employed. 
The, proportion of the salt to water is usually 
about 2 ox. to 1 quart. The braided cotton 
yarn, cut into hanks of “ wieking,” is bleached 
and washed and then steeped in the “ pickle ” 
for about 24 hours, after which it is drained, 
and the residual water (which would reduce the 
capillarity) is removed in a high-speed centrifugal 
machine, which docs not cause torsion or other 
disturbance in the threads; if necessary, 
further drying may take plaeo in heated drying 
rooms. The amount of salt remaining in the 
fibre is, of course, small, but is sufficient 
materially to influence the burning of the 
candle. Pew candle-makers plait their own 
wick, which is usually supplied in the required 
plaiting by the cotton spinners ; as a rule it is 
plaited from three groups of an equal number of 
twisted cotton strands, and the success of the 
wick depends on the manner in which it is 
braided, the tightness of the plaiting, and the 
size of tho wick. The relative tightness, in 
particular, depends on the candle-material to 
be employed ; paraffin wax, which melts and 
travels easily, requires a thin, very tight wick; 
stearin? takes a moderately tight wick, while 
beeswax and spermaceti, which are less mobile, 
require a thick, loosely braided wick. While 
flat wicks are used for paraffin and stcarinc 
candles, braided wicks of round section are 
preferred for beeswax candles. For tallow 
candles (tallow dips), and tapers, braiding is not 
necessary, and tho old-fashioned twisted wick 
is always employed. The effects of the. sub- 
sequent pickling must be considered in relation 
both to the braiding and to the candle material. 
The treated wick is wound from the circular 
frames on which it was dried on to “ spools '' or 


bobbins : the winder is of simple type and the 
task is performed by girls or boys, who let the 
wick run through their fingers as they wind, in 
order to detect any knots or other irregularities 
which might interfere with the proper burning 
of the candle. The spools are then ready for 
use. 

The Candle. — Whilst the bulk of the modern 
candles — the paraffin wax and stearine candles — - 
are produced by moulding, the older methods 
of dipping and pouring are still retained for 
the production of candles from tallow and bees- 
wax respectively, as these materials cannot be 
moulded satisfactorily. The drawing process is 
applied to the manufacture of tapers and 
similar articles ( v . infra). 

Dippingisthe cheapest, as well as the oldest, 
method of making candles, and has been a 
domestic method since at least the times of the 



Fig. 1. 

Romans : tho harder portions of the household 
waste fat were melted down or rendered over 
salt water and strained, and the wicks — either 
rushes peeled so as to leave only a thin strip of 
peel to support the pith, or flax or cotton 
fibres — were alternately immersed (“dipped”) 
in tho melted fat and withdrawn to cool until 
a sufficiently thick coating of tallow was 
obtained, after which the dips were hung up 
to harden and whiten. The process requires a 
certain skill, and in mediaeval Paris there was a 
guild of candlemakers whose members travelled 
from house to house to make tallow candles in 
this manner. 

The large-scale manufacture of “ dips ” is 
merely an extension of this process. Tho twisted 
cotton wicks are strung on rods or “ dippers,” 
curb of which holds from eight to twenty-four 
wicks, and these are supported on a frame 
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which is suitably suspended so that the rods 
and wicks can be raised or lowered as required 
by means of counterweights. Tig. 1 illustrates 
a simple firm of such apparatus in current use 
[m a more elaborate machine, the counterpoised 
“ dippers ” are suspended from the circumference 
of a horizontal, revolting frame mounted on a 
central pillar, so that each set of wicks can 
readily be dipped in succession] As a rule, 
about four dippings are required to produce a 
candle of sufficient thickness 
Pouring. — Formerly the larger sizes of bees 
wax church candles were made by “rolling” 
round a wick a cake of warm wav, which had 
been kneaded until it was plastic, but this 
method has been entirely superseded by the 
somewhat primitive process of “pouring,” 
whereby the melted beeswax is poured over the 
nicks, which are suspended fiom a hoop-hke 
frame (Fig 2) which can be rotated by hand 
For the larger sizes, the candles have to be 
reversed from time to time in order to ensure a ' 
uniform thickness The hoops are hung in a I 
cm rent of air after every two or three pourings. 
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When the candles are of the requisite thickne**, 
they are severed from the frame and skilfully 
rolled on ft marble slab under a weighted board 
to smooth away any irregularities in the hands 
of an expert workman, the candles can assume 
the evenness of moulded candles, with a 
jieciiliar softness which is indescribable, but 
unmistakable when once identified. The ends 
are cut clean, and the tips are shaped by 
hind. In section, a well made beeswax candle 
shows a series of concentric rings corresponding 
with the successive pourings. 

The pouring process involves much skilled 
labour the raw material itself is also expensive, 
and as beeswax candles offer no practical 
advantage as an illuminant, they are now only 
employed for ecclesiastical purposes, or, rarely, 
as ft fancy article. 

To adapt the beeswax as it comes from the 
comb to the requirements of the chandler, 
little Is needed beyond ordinary cleansing by 
repeated melting in hot water; the wax may 
then be bleached by exposing it (in the form 
of thin ribbons) to light and air; if necessary, 
chemical bleaching with acid dxhrnmate is 
adopted. In accoidancc with the requirements 


of the Roman Catholic Church, the principal 
liturgical candles must consist wholly or “for the 
larger part” of beeswax, the proportions for 
different candles being specified (c/ Rescript of 
the Sacred Congregation of Kites, Dec. 14, 1004, 
Official Notification of their Lordships the 
Bishops of England and Wales, Dec. 4, 1006); 
m England, from 65 to 93% of beeswax is 
employ ed, but in the United States, the “ larger 
part ’ is interpreted as a minimum of 51% (c/ 
Power and Hauber, Ind Eng Chem. (Anal ) 
1932, 4, 3i>9) Other candles used on the altar 
must contain at least 2o% of beeswax. 

Ihc drawing process is applied to the manu 
facture of tapers, the w axed w irks for night 
lights, wax vestas, and candles of small diameter 
such as “ birthday ” or ‘ Christmas tree ” 
candles (the latter may also be made by 
moulding) For this purpose a long length 
(about 1,800 yards) of twisted cotton wick is 
repeatedly “ drawn ” through a bath of molten 
wax (mainly paraffin wax with various pro 
portions of beeswax or stearine according to 
quality) by winding the wick in alternate direc 
tions from one large drum on to another In order 
to ensure an even thickness and smooth surf ice 
of each coating, the coated wick, ns it leaves the 
bath, is drawn through a circular die, of winch 
the diameter is increased at each traverse The 
operation is continued until the taper or cable has 
acquired the requisite thickness In n modern 
taper plant, ns many as 24 strands may be draw n 
simultaneously, several steam heated baths of, 
for example, differently coloured wax being used. 
The final wax cable is cut into short lengths 
and the ends of the tapers are dipped into hot 
water and shaken, this process — known as 
“ feathering ’ — removes the w ax from the tip of 
the taper, leaving a tuft of clean cotton by 
which a new taper is easily lighted for the first 
tune without dripping wax Night light wicks 
may be “ feathered” by bruising the tips with 
a small mechanical hammer or stamper In 
Poland, randies me made by the drawing 
process, the ends being tipped by u inn<hl«c 
(Allan, Ic). 

Moulding. — With the exception of small 
caw He* multi by, the cbAw.ui%» 1 uoc.ess > aUfcttanne 
and paraffin wax candles arc now made bv a 
moulding or casting piocess. The introduction 
of moulds is attributed to a Sieur de Brcz of 
Pans in the fifteenth century ; but as the process 
was unsuitable for beeswax candles, anil only 
moderately successful with the harder grades of 
tallow, little progress in design was made, 
until the introduction of spermaceti, and 
especially of stcanne and paraffin wax, as candle 
materials opened a rich field for development. 

The simplest form of moulding machine is the 
“ hand-frame ” (introduced byfrcitag in 1724). 
which consists of a frame holding a number of 
v crtical, tapered pew ter moulds w ith the pointed 
ends downwaid, and the upper (butt) ends 
opening into a shallow trough: a wick is 
threaded longitudinally through each mould 
and held in position by suitable clips or pegs 
at each end The melted candle material « 
poured into the moulds, until the trough is 
full (to allow for contraction on cooling) and the 
frame is left to cool in the air, or plunged into 
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cold water : when cold, the superfluous wax is 
rtmoved with a trowel, and the candles are 
removed by simply inverting the frame. These 
hand frames have been superseded by multiple 
moulding machines, except for odd sizes of 
candle, for which it would not be worth while 
to maintain a special machine. 

The use of steam and water for the alternate 
heating and cooling of the moulds was introduced 
by Binns (B.P. 2488/1801). Further inventions 
and improvements by Morgan (B.P. G6I0/I834), 
Tuck (B.P. 7409/1837), Palmer (B.P. 12077/ 
1848), Cowpcr (B.P. 1988/1856), Humiston 
(B.P. 2541/1857, in the name of Newton), 
Stainthorp (B.P. 2556/1857, in the name of 
Pitman), Stainthorp (B.P. 740/1860) led by 
degrees to the modem continuous-wicking type 
of moulding machine such as is shown in Fig. .3. 
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Such a machine consists essentially of a metal 
water-tank containing a large number of tubular 
moulds or pipes, which are slightly tapered to 
facilitate the ejection of the candles ; the 
moulds, which are polished internally, are 
made of pewter or tempered tin (9S% purity) 
and may bo strengthened by an external sheath 
of hard-drawn brass or steel (porcelain moulds 
have been patented (G.P. 195702), but are too 
costly and have little, if any, advantage). 
The upper (butt-) ends of the moulds open into 
a shallow trough, and the lower ends are closed 
by the conical tip-moulds, which arc perforated 
to allow the passage of the wick and carried 
on the upper end of hollow piston-rods which 
can slide up and down within the pipe. The 
pistons are coupled to a movable plate or 
“ driving board,” which can be moved up or 
down by means of a handle operating through a 
rnck-and-pinion gear or a screw. Cold water 
and steam can be admitted to the tank as 
required. The wick-spools, which are equal in 
number to the number of moulds, are free to 
revolve on the pins at the bottom of the machine, 
and the wicks are threaded up through the 
piston-rods, tip-moulds, and candle-moulds: 
the arrangement is illustrated in the section in 
Fig. 4. 


In older machines, as well as in many con- 
temporary types, the spool pins are horizontal 
(cf. Fig. 6), but the vertical arrangement 
shown in Fig. 3 is claimed to reduce tangling 
and breaking of the threads. 

Above the trough enclosing the butts of the 
moulds are the “ clamps,” which serve to hold 
the candles after ejection from the moulds. 
To begin casting operations, the wicks are 
threaded into the moulds and temporarily 
secured in the trough, or a few inches may be 
left loose in the moulds. The tank is filled 
with water, and steam is admitted until the 
moulds are heated to the requisite temperature. 
The molten wax is poured in to fill the moulds 
and the trough, and cold water is passed into 
the tank. When the candles have solidified, the 
trough is scraped clear with a “ spud ” (a 
blunt knife the width of the trough), and the 
candles are ejected from the moulds by mani- 
pulating the handle which raises the pistons and 
tip-moulds. As the candles pass upwarda into 
the open clamps (which close on 
them when the candles have 
reached the proper height), they 
pull up fresh wick after them 
and hold it correctly centred in 
the moulds in preparation for 
the casting of the next batch 
of candles. The pistons arc then 
wound down until the tips close 
the bottom of the moulds. The 
casting process is then repeated, 
this time, as on subsequent oc- 
casions, with all the precautions, 
correct temperatures, etc., applic- 
able to the particular candle- 
material in question. 1 

When the candles have solidified 
in the moulds, the wicks above are severed 
with a special knife ; the rack of clamps 
holding the “ dummies,” or previous batch of 
candles, is removed and emptied, and replaced 
ready to receive the new candles as they are 
racked up, and the whole process is repeated 
as required. 

The temperatures of the molten candle-wax, 
of the moulds before filling, and of the cooling 
water, depend upon atmospheric conditions and 
upon the nature of the candle-material in 
question. Pure stearine may crack if chilled 
too quickly, or crystallise and spoil the appear- 
ance of the candle if cooled too slowly : stearine, 
therefore, is cooled to a creamy consistency 
before it is poured into the moulds, which 
are finally cooled with tepid water, solidification 
of the candle taking about 25 minutes. For 
paraffin wax, however,' the moulds are heated to 
nearly 200° F., and the wax to 170°-180°F., 
before filling, according to the setting-point of 
the wax employed, and the moulds may be 
cooled rapidly by running cold water into the 
tank: if properly carried out. the candles 
I acquire a high lustre. 

The refinement, known as the “ self-fitting ” 
butt, introduced by J. L. Field (B.P. 3032/1861, 

* The candies or “ dummies ” of the first batch, in 
which the wick was not properly centred, merely serve 
to provide starting-points for the wicks and are discarded 
""hen they have served their purpose. 
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r f, Pigs. Si, 7) makes it possible for the candle 
to be fitted into any reasonable sconce without 
scraping or additional packing. 

As the self fitting butt is 
tapered, special arrangements 
are needed in outer to allow 
for the ejection of the candles 
from the moulds. In the 
machine patented by E 
Cowles the self fitting ends are 
moulded separately by means 
of conical caps 01 butt moulds 
which fit into the tops of the 
main candle moulds and are 
icmoved by hand after wind 
ing up the candles into the 
clani}ia. 

It will be obvious that this 
complication necessitates cut- 
ting the wicks each time in 
oidct to allow the butt moulds . 
to bo re-threaded on to the 
wicks for the next batch, a 
process which involves con- 
siderable labour and a waste 
of a cel tain amount of wick Nevertheless, 
this type of machine is still preferred by some 
candle makers to Cowles’ later and mote 
elaborate continuous wicking machine in which 
split butt moulds, mounted in a div ided led 
plate, aic employed, which 0]>cn apait to allow 
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tbc candles to be rucked up into the cl imps, 
and are brought buk into position for the next 
bitch without cutting the wicks The split 
butt mould also enables more cliboiate designs 
of ** self fitting end to bo cast. 

Numerous variations in nieelunicdl detail 
distinguish various machines, but without 
a flee ting the essential principles. All these 
machines work discontinuoudy . a continuous 


acting machine, which possesses certain advan- 
tages when the watcr-supplv is hunted, has been 
const i acted by 1’ouimcr A Cie.: it is coin 
plicated to work, howevei, and docs not appear 
to have found favour. 

By the use of suitable moulds, candles can be 
made in vunous fancy shapes ( cf . Pig. 7), 
cabled, spiral, fluted, striped, etc : the randies 
are ejected from the “ spiral ” type of mould by 
imparting a rotary movement to the piston 
“ Perforated ” or “ aerated ” candles (which are 
more in favour on the Continent than in 
England) aie made of steanne and moulded 
with longitudinal perforations up the stem 
of the candle, which are supposed to afTorcl 
an internal escape for liquid combustible 
matter which might otherwise guttei down 
the outside, and also to allow an up draught 
of air to assist the combustion These candles 
must be made of steanne m older to bo 
sufficiently hotel. The popular “ Nell Gvvynn ” 
candles are moulded with a slightly liiegulur 
sin face in imitation of 
the old rolled beeswax 
candles, and the stems 
are tapered at the butt- 
end by pressing the 
made candles by hand 
into heated cone- 
moulds 

Among the various 
devices which have 
been proposed to 
minimise guttering 
may Le mentioned 
varnishing the outside 
of the candle with a 
coloui varnish oi with 
cellulose powdei in 
paraffin wax (Powell 
and Bush, BI>. 110370/ 

1910), or moulding the 
candle with a thin 
exterior layer of wax harder than that used for 
the core. The caudle mateual is otten coloured 
with coal tai dyes (e j. Sudan IV, rose Bengal, 
aurnmine, bull lint gieen, lndulinc, methyl 
violet), and the candles may be decorated with 
tiansfeis oi hand-painting Ornamental ifltats 
aie also obtained by cutting gxooves in patterns 
and running in coloured stcnine (r/. Lodi, 
Seifens -Ztg 1930, 63, 20}) The ‘King 
Alfred’s candle,” the stem of which is divided 
by grooves of this kind into sections burning for 
one hour each, still enjoys favour. By the 
addition of suitable metallic salts or other 
substances, candles burning with a coloured 
flame (Scheuble, G P. 210 !3S), candles (contain- 
mg estcis of uniiio or imtno- acids with am- 
monium nitrate) bunting with a lint, smokeless 
flame of low luminosity (Seheuhle, G P.2.M‘M0), 
jterfumed (audits, and meditated t audits arc 
obtained. 

The production of ntjh! lujhh (which were sold 
ntiginally a* mortals t»i death lights) is still ail 
important business in this tnuntiv at least. 
Night-lights aie short, thick candles with 
small w icks designed to give a small hut constant 
light over n long j>crit>d, rather thin high 
luminosity ; they wi it* origin illy made Iirgd) 
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of pressed coconut stearin, and cast arc 
into paper cases. Now, however, tlP j() 
chiefly moulded from paraffin wax mix ,, 10U ] c j 
machines similar to the ordinary candle^ . ^ 
ing machine, except that in place of t. . ^ 

there is a wire which forms a central hoT 
night-light; this is then fitted into f"? ’ ‘ f 

over the wick, which consists of a short j 

taper, stiffened with a coating of hard u a ’ ' - 

fixed in the bottom of the case by n 1 °' l “ s 
a small metal sustainer. These night-li^ ^ j. 
recommended to be placed in a shallow |l t j' or | j 
water during burning, but this prcea a "V . t 
unnecessary for certain uncased types i h 
lights which are burnt in glasses. The, ! . n ®‘ 
point of the wax must bo carefully adj. us , ot , 
the climate in which the night-light ls . 
used, and particular care must be take®/™ 11 ° 
manufacture to avoid the inclusion °f.j s .’ , s 
the flame is small and the wick may casih' ! ct ? w e 
clogged. The rate of wax consumptio” 1S , m ’ 
bring about 40 grains per hour, as agnit 1 ®, a . 

120 grains for a candle. A special form 
light, based on Clark’s “ pyramid ” nig 1 ' ; 

which is made in conical shape or t . , ‘ , 
fatty material (coconut stearin) and l )10VI( . e 
with a rush-j)ith wick, is used for c t econ ' 1 lve 
purposes. , , , 

The vast majority of candles man” a< . UI j. ec 
in the United Kingdom is empl^® ( 
domestic purposes: the consumption i * 
for religious purposes is also con 
especially in the Catholic countries 
Japan and the East. In the indust' 
paraffin wax cables (“bougies”) art UMal il! ’ 

iw-holes in foundr^’ 111 ? 11 c s ; 


and in 
rial field, 
used ns 


employed 
ndles arc 
'onvenient 


fusible cores for blow 
and stenrinc and other candles 
for lamps and in mines; tallow ca 
chiefly made for plumbers’ use as a c u, ‘ '.V."'”". 1 ' 
flux (they may servo, incidentally, f or 1 ’ ul , u ' 
nation), and a considerable quantity i s " se< ^ 
certain African tribes for anointing. , , 
Despite the predominance in towrJ s . °. e , CC r ‘ 
trical and gas illumination, the candle ‘ IK US -Y’ 
though perhaps diminishing in imp^‘J: ancc ’ 
still in a flourishing — t>cioh 


is 

the 


in a nourishing condition. I 
War and up to 1931 at least, the av era f=? c ° n ‘ 
sumption in Great Britain (which, . ,! 1C 

inclusion of the Irish Free State, is P r ° , ^rnnn 
largest individual consumer) was ab°. 4o ’ uuu 
tons per annum, 1 production bf, ln S somc 


, ilue of the 


10-15% greater, and of an annual Vi“2X ni\n - 
order of £2,000,000 in 1924 and £1,°' , , 1,1 
1930. The value of the exports of 
from Great Britain, which amounted t° , „ , 

in 1913, hud fallen to about £335,000 in , an " 
£291,000 in l929. The total world pri 0 duction ot 
candles (excluding large quantities . cant Ie ? 
made by the natives of for example/ ^ , a , an . t 
other tropical countries, from local ls 

certainly over 250,000 tons per anmu m ' V-^non 
iwoduces about 30,000, Germany al’°. ,1 Aj[' , ’ uuu 
(1928), Holland 0,000, and Belgium 4- " 00 7, ns 
of candles per annum. The number. <a l'. , s 
may be estimated from the average nc '’ 

in England, is probably about 12 to f., , 

Acknowledgment is made to Messrs' - ^ /0 " es 

1 K-thimtcs or the panidiu wax caiulli. alom! 

nnathcr source put the lijmres at 37,001 aIul Jj ' uuu 

tons in 1332 aiul 1333 respectively. 


of Hounslow and to Messrs. Price’s Patent 
Candle Co., Battersea, for drawings and for 
permission to photograph the machinery illus- 
trated above. J. L. and E. L. 

CAN ELLA ALBA (Fam. Winteranacete). 
White or wild cinnamon, West Indies. The bark, 
used as an aromatic spice, contains 0-75-1 -25% 
ethereal oil in which inter al. cugenol, oineolc, 
caryophyllene have been identified. Formerly 
the bark was considered to contain “ eanellin,” a 
substance now recognised to be rf-mannite. An 
analysis of the bark gave H 2 0, 11-90% ; ether 
extract, 12-73% ; proteins, 8-49% ; starch, 
11-57%; crude fibre, 16-52%; pentosans, 
16-72%; mannite, 8-77% ; reducing substances 
(as glucose), 0-76% ; ash, 7-4% (Hanus and 
Bicn, Z. Enters. Nahr. - Genussm. 1906, 12, 
395). J. N. G. 

CAN ELLA BARK. The dried bark of 
Canclla alba Murr., obtained from Florida 
and the West Indies in large buff-coloured quills 
or pieces of about an inch broad. Has a bitter, 
pungent, acrid taste and odour of a mixture of 
cloves and cinnamon, due to a volatile oil con- 
taining cugenol, eineole, and terpenes. The 
bark also contains a bitter principle. Used as an 
aromatic bitter (B.P.C. 1934). 

CANFIELD1TE v. Argyrodite. 

CANNABINOL v. Cannabis Indica 
Resin. 

CANNABIS INDICA RESIN. This sub- 
stance is the oily resin of Indian hemp, Cannabis 
satira Linn. (Fam. Cannabinacefe), also known 
as Ganjah or Gunjah, from which “ hashish ” 
is prepared. The plant itself is indigenous to 
Central Asia and the Northern and Western 
Himalayas, and is cultivated mainly in tropical 
districts of India, Africa, and North America. 

Apart from its use in the form of hashish, or 
even in the form of the powdered drug, for 
smoking, it is used to n small extent in medicine. 
It acts on the central nervous system, producing 
excitement with hallucinations, with a great 
feeling of happiness without any fear of terrible 
surroundings, followed by a deep intoxicated 
sleep. The after-effects are great depression 
and lethargy'. 

The extract of the drug made with various 
organic solvents contains an oily resinous matter 
of high boiling-point. It has been investigated 
by several chemists, but with the exception 
of the work of Wood, Spivey and Easterfield 
(J.C.S. 1896, 69, 539), Bergcl and Vogelc 
(Annnlen, 1932. 493. 250), and Cahn (J.C.S. 1931, 
630 ; 1932, 1342 ; 1933, 1400) the older pub- 
lished results may bo regarded as historical. 

The principal constituent of the resin is 
cannabinol, the crude, soft brown resin being 
a mixture of this compound with other sub- 
stances. The name cannabinol is reserved for 
tlie non-erystailisablc resin, obtained by the 
hydrolysis of the pure crystalline acetyl- 
cannabinol, m.p. 75°, to which Wood and his 
colleagues assigned the formula C. M H„-0 2 Ac, 
and this lias been confirmed by Calm (Lc.). 

By nitrating crude eannnbinol, trinitrocanna- 
binol molting at 160° was obtained, and by- 
nitrating the higher boiling fractions of the 
oily residues after separating the acctyd 
cannabinol, nitro-cnnnabinoiactone, melting at 
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176°-177°, was obtained. For this compound 
Cahn (! c ) has established the constitution 
Me 

N °n 

\ J — — CO 

I I 

C(CH 3 ) 2 — ° 

Cannabiuol is phenolic in character. 

Bergel and Vogele (if) ha\c effected the 
By nthesis of caunabmolactone, starting from 
3 methylphthalic anhydride, and hav e confirmed 
the constitution assigned to it by Cahn A 
further confirmation of the structure of canna 
binol is due to Cahn (J C S 1933, 1400), but 
it does not appear to be the pharmacologically 
active principle of cannabis resin 

CANNIZZARITE. PbS 2 Bi 2 S,, as small 
needles, probably orthorhombic, is of recent 
formation in the deeper parts of fumaroles vv ith 
a temperature of 536 0 -6I5°, on Volcano, 
Lipari Islands Named after Stanislao Can 
mzzaro (1826-1910) (F Zambonrai, 0 De Fiore, 
and O. Carobbi, Bend Acead Sci. Fis Mat 
Napoli, 1925, 31, 28) L. J S. 

CANNIZZARO’S REACTION. The 
preparation of an alcohol by the action of con 
centrated aqueous alkali solutions on the corre- 
sponding aldehj dc, e g 
2C g H s CHO 
KOH 

► C # Hj CH, OH+C g H s CO,K 

CANNON SPAR t. C alcite. 

CA NTH AR IDES. Spanish fly (Lvtta 
vtstcalorta). Dried coleopterous insects used in 
medicine The specimens chiefly used are 
Canlharis itsicatona and Jfylabns phahrala or 
ctchorn Preparations of canthandes are era 
ployed externally as rubefacients, counter- 
irritants, and vesicants, orally as stimulant 
diuretics, aphrodisiacs, and emmcnagogucs. The 
active principle is canthandin, which is Largely 
replacing canthandes pharmaceutically. 

■Ah.tn.incd J ncinc\md),v_£mro.^nain ■ntiw l na. , 3riif| 
southern and central Europe, and from Russia. 

Canthartdtn, C 10 H lt O 4 , stable lactone of 
cantharidic acid, is obtained by extracting the 
dried, powdered insects with chloroform, ether 
or ethyl acetate containing a bttlo mineral acid, 
evaporating the filtered solution obtained, and 
finally treating the residue with carbon disul 
phide or light petroleum to remove fat. The 
canthandin may be cry stallised from alcohol or 
acetone to give tnmetnc plates, m p. 218°, 
which begin to sublime at 8-5°. Essentially the 
same method is u"cd for the determination of 
<anthandm (Riu, Anal. Fis. Qulm, 1931, 29, 
1G4 ; Iyer and Guha, J. Indian Inst. Sci. 1931, 
14, A, 31 ; Eder and Schneiter, Schweiz. 
Apoth.-Ztg. 1923, 63, 229, 245). Canthandes 
contain 0 3-1*1%, the Jfylabns species somewhat 
more, about 1-1*3%. 

Cantharidm is almost insoluble in water, 
slightly soluble in alcohol (1 in 1,100 parts by* 
weight) and in ether (f in 760), more soluble 
in ethyl acetate (1 in 150), in chloroform (1 in 


.55), and in acetone (1 m 40), and although 
dissolved by* glacial acetic and or concentrated 
sulphuric arid it cry stalliscs out unchanged. It 
is soluble m alkalis to give salts of cantharidic 
acid. 

Its detection is possible by microscopical 
examination of a crystalline sample, especially 
after sublimation (Deniges, Bull, trav, Soe. 
1’harm. Bordeaux, 1933, 73, 7). Marchiolo 
(Boll Chun. farm. 1923, 62, 65) describes lU 
detection in pharmaceutical products and in 
post mortem examinations, while R. Fischer 
(Arch Pharm. 1929, 267, 31) details its detection 
down to a dilution of 1 in 150,000 in 20-30 cc. 
of urine. A colorimetric method for detection 
and determination is based on the dense brown 
colour produced when as little as 0 01 mg. « 
heated w ith 1 drop of 10% aqueous forma) 
dehyde and 4-5 e c of sulphuric acid (Dcniges, 
Compt rend 1934, 198, 1783). When can 
thandin is nitrated with 50% nitric acid on the 
water bath, the nitro compound reduced with 
stannous chloride and the product diazoti«cd 
and coupled with j9 naphthol, a violet-red dye is 
obtained with as little as 0 1 mg (run Urk, 
Pharm. Weckblad, 1929, 66, 313) 

It blisters the skin severely, especially when 
in solution or mixed with fat , R. Fischer (le) 
gives the minimum dose in lanolin for vesicant 
action as 0 02-0 015 rag , and Hahn and Taeger 
(Klin. Woch 1931, 10, 489) have examined 
this physiological action in detail It should 
be used with great care, for secondary reactions 
set in readily. After absorption it produces 
vaso constriction and during excretion gives 
nse to irritation of the kidneys and urinary 
tract. Its pharmacology is discussed by Heubner 
(Arch exp. Path. Pharm. 1025, 107, 120) and 
tolerance to it is treated by Gunn (Physiol 
Rev. 1 923, 3, 4 1 ). It has a very strong inhibiting 
effect on yeast fermentation (Zeller, Biocliem 
Z. 1927, 183, 369, 389). 

Gadamee suggests the follow mg structure for 
canthandin . 

CH 

H,C ] CMe— CO, 


H,C 


CMe— CO 


\!/ 

CH 

(Arch Tharm. 1914, 252, 609 : 1917, 255, 
277, 315 ; 1920, 258, 171 , also Rudolf, i bid, 
1916, 254, 423). This has not yet received 
confirmation by* synthesis but is supported 
by the work of Coffey (Rcc. trav. dura 1923, 
42, 387, 1026), and of Bruchhausen and Bersch 
(Arch Pharm. 1928, 266, 697), the latter 
having broken down canthandin to fttran and 
of! dimcthylsuccimc acid by the action of & 
dehydrogenating catalyst (palladtmsed asbestos) 
at 280°. A'oreantharidm, 

CH 

/|\ 

HjC | CH— CO, 


I 

H,C I CH— CO 


/ 
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has been synthesised by Bruchhausen and 
Bersch and also by Diels and Alder (Ber. 1929, 
62, B, 554) by the catalytic reduction of the 
condensation product of furan with maleic 
anhydride ; the latter workers also describe a 
synthesis of an isocantharidin, 

CMe 

H.C 7 I CH — CO. 

I O | )o 

H 2 C j CH— CO/ 

^CMe 

by the same method using 2:5-dimethj'lfuran. 

Many derivatives are described in the work of 
Gadamer and of Rudolf and a stable hydrazide 
may be prepared using excess of hydrazine 
hydrate at 0° (Iyer and Guha, J. Indian Inst. 
Sci. 1931, 143, 31). It is claimed that on 
condensation with etlivlenediamine, cantharidin 
yields a base, C 12 H 1B 0 3 N 2 , which gives com- 
pounds with gold and other heavy metal salts 
possessing strong bactericidal action (G.P. 
2G96G1 ; 272291). 

Cantharidin has been detected in the following 
insects : American “ blister beetle ” or Macro- 
basis itlhida by Vielioover and C'apen (J. Assoc. 
Off. Agric. Chem. 1923, 6, 489), the Javan 
beetles Horiu debyi, Cissiles maxillosa. and 
Epicauta ruftccps (van Zijp, Pharm. Weekblad. 
1917, 54, 295 ; 1922, 59, 285), and in Lytta 
adspersa (Coll, Rev. farm, 1931, 73, 17). 

CANTON'S PHOSPHORUS v. Cal- 
cium, Calcium Sulphide. 

CAOUTCHOUC, Rubber. 

CAPRI BLUE. Oxyazine dyestuff pre- 
pared by condensing p-nitrosodimethylaniline 
and dimcthyl-m-amino-crcsol. 

CAPRIC ACID, n-DECOlC ACID, 

ch 3 -[ch 2 i 8 -co 2 h. 

CAPR I N E. d-a-Amino-eaproic acid (Abder- 
halden and Weil, Z. physiol. Chem. 1913, 84, 39). 

CAPROIC or HEXOIC ACIDS, 
C 5 H n -COOH. Seven isomcrides are known. 

1. n-Caproicacid , CH 3 -[CH 2 ’] 1 'COOH, occurs 
in the fats ; in cheese ; and, possibly, mixed 
with certain of its isomerides, in coconut 
oil ; in St. John’s bread ; in the fruit of 
llcraclcum spondyl'unn and in the flowers of 
Satyrium hircinum ; and in the fusel-oil from 
the fermented molasses of mangel-wurzel. Is 
best prepared by fractionating crude fermenta- 
tion butyric acid (Liebcn and Rossi, Annalen, 
1871, 159. 75 ; 1873, 165, 118) ; b.p. 204-5°; 
sp.gr. 0-9446 at 0°. For synthesis from natural 
gas hydrocarbons (pentane), see Hass and 
Marshall (Ind. Eng. Chem. 1931, 23, 352). 

2. isoEuly! acclic acid, or y-mctliylcaleric acid, 

(CHjljCH-CHcCHcCOOH, 

is present in butter ; may be obtained by the 
action of hydriodic acid upon hydroxy iso- 
caproic acid (Mielck, Annalen, 1S7G," 180,*57 ; 
Eittig and Ruhlmann, ibid. 1884, 226, 347), 
or by the distillation of fsobutvlmalonic acid 
. (Konig, Monatsh. 1S94, 15, 20 ; Bentley and 
I’erkin, J.C.S. 1898, 73, 487) ; b.p. 200°-201° ; 
sp.gr. 0-925 at 0°. 


3. Diethylacetic acid, pseudocaproic acid, or 
a-ethylbulyric acid, (C 2 H 5 ) 2 CH-COOH, b.p. 
1907756-5 mm. ; df 0-9196, may be obtained 
by the action of sodium upon ethyl acetate, 
and treatment of the product with ethyl iodide 
(Frankland and Duppa. Annalen, 1866, 138, 
221) ; by the hydrolysis of diethylcarbinyl 
cyanide (Saytzeff, ibid. 1878, 193, 349) ; by 
reduction of ethyl dichloroethylaeetate by 
sodium amalgam (Markownikow, Ber. 1873, 
6, 1175) ; by heating sodium ethoxide and 
sodium acetate in a stream of carbon mon- 
oxide (Geuther and Frolich, Annalen, 1880, 202, 
308) ; by heating diethylmalonic acid at 170°- 
180° (Conrad, ibid. 1880, 204, 141) ; by heating 
o-diethjd-jS-hydroxybutyric acid (Schnapp, ibid. 
1880, 201, 70) ; by heating diethylcyanaeetic 
acid with concentrated hydrochloric acid at 160° 
(Hesse, Amer. Chem. J. 1896, 18, 749). 

4. M ethyl propylacc.lic acid or a-mcthylvuleric 
acid, CH 3 -CH 2 CH 2 -CH(CH 3 )-C0 2 H, b.p. 
193°-194° ; tig 8 0-9279 ; 1 part water dissolves 
0-5693 part at 17°, is obtained by the oxidation 
oi the aldehyde, and by the reduction of m ethyl - 
ethylacrylic acid (Lieben and Zeiscl, Monatsh. 
1883, 4, 37, 63) ; by heating a-methyl vnlero- 
lactone or t'sosnceharin with hydriodic acid 
and red phosphorus (Liebermann and Schoibler, 
Ber. 1883, 16, 1823 ; Kiliani, ibid. 1885, 18, 
632) ; by heating a-methylpropyl-/?-hydroxy- 
butyric acid (Jones, Annalen, 1884, 226, 292) ; 
it occurs also in rosin oil (Kelbe and Wartli, 
Ber. 1882, 15, 308). 

5. Methylisopropylacetic acid, is ocaproic acid, 
or afS-dimethylbutyric acid, 

(CH 3 ) 2 CH-CH(CH 3 )C0 2 H, 

b.p. I S9°-l 91°, may be formed from methyliso- 
propylcarbinyl cyanide (Markownikow, Zeitsch. 
Chem. I860, 205) ; or by melting camphoric 
acid with caustic alkali (Crossley and Perkin, 
J.C.S. 1898, 73, 16). 

6. Dimelhylelhylacetic acid or aa-dimelhyl- 
propionic acid, (CH 3 ) 2 C(C 2 H 5 )C0 2 H, a colour- 
less liquid ; b.p. 187°, m.p. —14°, is formed 
by the action of hydrochloric acid upon di- 
methylethylcarbinyl cyanide (Wischnegradsky, 
Annalen, 1874, 174, 56), and by the oxidation of 
the pinacolin of methylethyl ketone (Lawrino- 
witsch, ibid. 1877, 185, 126). 

7. (a) fl-Elhylbutyric acid or active caproic 
acid, CH 3 -CH(C 2 H 5 )CH 2 -COOH, b.p. 196°- 
198°/770 mm. ; d lh 0-930, is prepared by' the 
oxidation of the active hexylaleohol obtained 
from Roman camomile oil (Van.Romburgh, Rec. 
trav. chim. 1886, 5, 221). 

( b ) Inactive fi-clhylbulyric acid may be formed 
by heating secondary butylmalonic acid (Van 
Romburgh, Rec. trav. chim. 1887, 6, 153) or 
from secondary butyliodide, diethylmalonic 
ester, and sodium ethoxide (Kulisch, Monatsh. 
1893, "14, 561 ; Bentley, J.C.S. 1895, 67, 267). 

CAPROKOL. Hexylresorcinol dissolved in 
olive oil (Sharp and Dohme, London), B.P.C. 
1934. Used as an internal antiseptic. 

CAPRYL. Syn. for octyl. 

CAPSAICIN. Capsaicin is the active 
principle of various Capsicum species (Fain. 
Solanacea-) especially C. annuum (Spanish 
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pepper, paprika), and C.fastigiatum R. (Cay enne hydroxides It 13 easily soluble in organic 
pepper). Capsaiun occurs free m the plants sohents except carbon disulphide. It forms a 
(ef. Nestlcr, Z Nalir -Cenu^sm 1900. 11, 661), it methyl ether, m p 77°-78° (from dilute EtQH), 
may be obtained by direct sublimation from and a benzoyl ester, silky needles, m p. 74®. It 
the* plant material (Wasicky anil Klein, Amer contains one double-bond which adds bromine, 
Chem. Abstr 1927, 21. 186S) , C annuum and can be hydrogenated (Nelson and Dawson, 
contains 0 2%, C fastigialum 015-0 5% cap- J Araer Chem Soc I92J,45, 2179), the dihjdro' 
saicm Miko (Z Unters Nahr Genussm 1898, dematne has m p 6'»° (from light petroleum) 
818) gives details for the extraction of capsaicin By oxidation of the methyl ether with perman 
from C annuum (yield 0 03%), Nelson (Ind ganate \ era trie acid was obtained (Lapworth 
Eng Chem 1910, 2, 419) obtained 0 14% from and Royle, / c ) Aenl hydrolysis of capsaicin 
African cayenne Other interesting extraction yielded 4 oxy 3 methoxy benzylamine (\amll\l 
methods are described bj Tice (Amer J. Pharni. amine) (II) , by alkaline hydroly sis under pres 
1933, 105, 320 , 5% yield from capsicum oil) sure (180°) an unsaturated decein leme and, 
and by Lapworth and Royle (J.CS. 1919, C 10 H, 8 O 2 , was obtained. The unsaturated acid 
115, 1109) may be hydrogenated when an acid, C,nHj 0 O,. 

Capsaicin (I), C lg H 27 0 3 N, mp 64°-64 3°, is obtained which is not ft capnmc acid (Xcl 
crystallises in tablets from light petroleum son, I.c.). By oxidation of aboxe decemlcmc 
containing 10% EtjO (Nelson, J. Amer. Chem acid Nelson and Dawson (l r ) obtained ndipic 
Soc 1919, 41, 1115). It is sparingly soluble (III) and iso butyric (IV) acids respectnely. 
in HjO, soluble in caustic alkalis and is Nelson therefore proposed t he follow mg structure 
xery stable towards hot concentrated alkali for (I) • 


HO^ S — CHj*N H CO [CHj ] 3 CH 

MeO^ y | 


/CH 3 

CH CH<f 

x X CH, 


(I) 


HO<f )— CHj-NHg HOOC [CH.], COOH HOOCCH( 

> =/ X CH a 

MeO' II III IV 


Nelsonand Dawson (l e ) synthesised the dihydro- crystallises in mo let red needles, mp. 201°, 
derix atixe, mp 63° (see above) and finally fiom a vauety of solvents und exhibits nbsoip 
Spith and Darling (Bor 1930, 63, [B], 737) tion maxima at 341 5, 503, and 468 nip in carbon 
synthesised capsaicin disulphide It may be difleientiated from 

Capsaicin has an extremely pungent taste, capsanthin by the fact that it is more strongly 
1/800 mg or 1 part in 100,000 parts may still ndsotbed on calcium carbonate, 
be detected by the tongue , the pungency of Catalytic hydrogenation of capsanthin and 
the dihydro- deri\ati\c is as great as that of capsorubin indicates the presence of 10 ethenoid 
capsaicin (Nelson and Dawson, I c ), that of the linkages and 1 carbonyl group in the former.oml 
methyl ether is eery much diminished (Lapworth of 9 cthenoid linkages and 2 carbonyl groups in 
and Kojle, le) Tor estimation of capsaicin the latter. The remaining two oxygen atoms 
in capsicum fruits, ef. r. Fodor (B. 1931, of both capsanthin and capsorubin are present 
Oil), Tice (1 c ) and Wasicky and Klein (le) as easily estenfiable hydroxy 1 groups. Although 
For syntheses of compounds similar to cap capsanthin does not form an oxime, the presence 
saicin, ef NeLon (J Amer Chem Soc. 1919, 41, of a carbonyl group has been demonstrated 
2121), Lange, Ebert, and Yousc (i&irf 1929, 51, indirectly by the reduction of perhydro 
1911), and an interesting paper by Ott anil capsanthin with sodium and ethyl alcohol, the 
Ziromermann (Annalcn, 1921, 425, 314). Schl. number qf estenfiable hydroxyl groups thin 
CAPSANTHIN and CAPSORUBIN. increasing from 2 to 3. The molecular formnK 
Spanish red pepper or paprika (Capsicum taken in conjunction with the function of the 
annuum) contains a complex mixture of carotc oxygen atoms and the number of ethmoid 
noids which have been examined with con- linkages clearly establish the monocyclic nature 
siderablc success by Zechmcistcr and ton Choi of capsanthin and the aliphatic nature of 
nohy (Annnlen, 19J4, 509, 269 , 1933, 516, 30) capsorubin. Since capsanthin does not exhibit 
In addition to a- and P carotenes, zeaxanthui, xitamin A aetixity, it cannot contain ntt un 
lutein, and kryptoxanthin, two ilosely related substituted P lonone ring, a conclusion whuh is 
ketome carotenoids haxe been isolated by confirmed by the observation that oil oxidation 
chromatographic methods ; the more abundant with permanganate capsanthin gixcs on ‘ 
of thc«o is capsanthin (I), C 10 H m Oj, and the dimethy Isuccinic acid and dimethy Imaloiiic and 
other, present m small amount only, capsonibm but not aa dimethy Iglutanc acid (Karrxr. 
(II), C« 0 H 60 O 4 . Capsanthin separates in deep Helfenstein, Wehrh, Pieper, and Mori, Helv. 
carminc-red needles from methyl alcohol, iu p. Clum. Acta, 1931, 14, 614). On this evidence 
175°- 176", [o] D +36° (in chloroform), and satisfactory formulations haxc been ex olxed for 
exhibits absorption maxima at 343 and 593 mp capsanthin (I) and capsorubin (II) ; these stmc 
in carbon disulphide. It is soluble in alcohol turcs represent the two ketome carotenoids as 
and acetone giving crimson solutions which are two stages in the hydration of zeaxaiithm (II*) 
deeper in tint than solutions of carotene or Oxidation of the diaoetate of capsanthin with 
lutein of the same concentration. Capsonibm chromic acid (2 atoms O) gixes the di»cetate , “ 
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capsanthinone (IV), C 10 H 58 O £ , which, as antici- 
pated, gives anhydrocapsanthinone (V) on 
treatment with alkali. More drastic oxidation 
of capsantiiin diacetate with chromic anhydride 
gives eapsanthylal (VI), eapsylaldehyde (VII), 
and 4-hydroxy-jS-carotenone aldehyde (VIII), 
the proposed structures being in harmony with 


their spectrographic properties (Zechmeister and 
von Cholnoky, Annalen, 1936, 523, 101). Reduc- 
tion of capsanthin with aluminium fsopropoxide 
gives capsanthol, m.p. 175°— 176°, which exhibits 
absorption maxima at 508 and 479 mp in carbon 
disulphide (Karrer and Hiibner, Helv. Chim. 
Acta, 1936, 19, 474). 


H 2 C 


CMe, 

X \ 


'CO-[CH:CH-CMe:CH] 2 -CH:CH-[CH:CMe-CH-.CH3 !i -OC 


CMe. 


CH, 


HO-HC CHvMe 

N< ‘ 


II. Capsorubln. 


MeH 2 C 


CH-OH 



CMe. 


H 2 C 


/ \ 


co- 


O-HC 




CMe, 

/ \ 

h 2 c c- 


MeC CH-OH 

x c< 

I. Capsanthin. 


CMe, 

/ \ 

-C CH, 


HO 


■Hi 


CH,-Me 


X c< 




CMe, 

— oc^ ^ch 2 

MeOC CH-OH 


IV. Capsanthinone. 


!0-H<L CMe 

X c< 


h 2 c 


CMe, 

X X co- 


CH, 


CMe, 


MeC CH-OH 


i ii 

HO-HC CH,-Me MeCO-C- 
V. Anhydrocapsanthinone. 


CH, 


-CH-OH 


III. Zeaxanthin. 

(P=the polyene (C 18 ) chain in Capsorubin.) 

CMe, 

H 2 C X fcO-[CH:CH-CIVle:CH3 2 -[CH:CH-CH:CMe] 2 -CHO 
HO-H^ CH.Me 

X c< 

VI. Capsanthylal. 

CMe, 

H 2 C ' X CO-[CH:CH-CMe:CH3,-CH:CH-CH:CMe-CH:CH-CHO 


HO-HC CH,Me 


VII. Capsylaldehyde. 


CMe, 


H 2 C 


/ \ 

CO-[CH;CH-CMe:CH]j-CH.-CH-CH.-CMe-CH.-CH-CHO 

HOHi COM, 

X c< 

VHI. 4-Hydroxy-jS-carotenone aldehyde. 

I. M. H., R. F. P„ and F. S. S. 

CAPSICUM. 


Much confusion still exists 
with regard to the various species of red peppers, 
which include capsicums or chillies, Cayenne 
pepper, paprikas, and pimentos. According to 
the British Pharmacopoeia, capsicums are the 
dried ripe fruits of Capsicum minimum Roxb., 
Von. II. — 18 


(Fam. Solanacem), whilst the United States 
Pharmacopoeia defines them as the dried 
ripe fruit of Capsicum frutescens Linn. (Fam. 
Solanacess). Red peppers appear to have come 
originally from the American tropics and are 
first mentioned in a letter by Peter Mertyn, 
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dated September, 1493. Within a very few 
} ears they were brought to Europe, and their 1 
cultivation has now spread to numerous parts, 
including Sierra Leone, Nyasaland, Zanzibar, 
Bombay, Natal, Hungary, and Spam, whilst 
another variety is grown in Japan. Irish culti 
vated every known \anety for 4 years in the 
Missouri Botanical Garden, and came to the 
conclusion that there are only two species of 
the genus, one an annual or a biennial herbaceous 
plant, the other a perennial shrub. The first 
is the one roost commonly cultivated in Europe 
and gives rue to the paprikas of Hungary and 
the pimentos of Spain, though these latter are 
frequently called Spanish paprika or simply 
paprika These fruits are derived from Cap- 
sicum annuum The second type is the species 
Capucum frutescens, the fruits of which never 
ripen properly in temperate climates. This type 
gives rise to two varieties one known as 
Capsicum frutescens proper and the other as 
Capsicum frutescens baccatum or simply Capsicum 
baccalum Linn Capsicum minimum is a member 
of the frutescens variety. It is held by some 
that the Japanese capsicum is a hybrid between ' 
Capsicum annuum and Capsicum frutescens The 
capsicum plant belongs to the same family as 
the potato and the tomato, and it may generally J 
be said that whilst cultivation improves the 
size and colour of the fruit, the flavour and 
aroma are diminished 

African chillies measure from 1 to 2 cm. in 
length, and are about 3-7 mm. in breadth. 
Japanese chillies measure 3-4 cm , while Bom- 
bay and Natal capsicums may be as much as 
M> cm. or more. The small varieties are used 
chiefly in England and Amenca, but the larger 
ones are preferred on the Continent. African 
chillies are a dull orange-red in colour, the 
Japanese sre a bright red, whilst Hungarian 
and Spanish paprikas arc a very bright red and 
are used almost as much for their colouring 
properties as for their flav our 

Microscopic Appearance — Wallis (Pharm J. 
1901, [iv], 13, 33 J , 1902, [i\], 15, 3) has studied 
the microscopic characteristics of the capsicums 
exhaustively, and summarises his results as 
follows: 


Thick ami 
straight - walled 
rertamrular cells 
with lew pits , 
o(tm nrransid In 
droops of 3 to 
7 In a row and 
with a uniform!) 
striated rutli le 
blze of <1 Us -!->u 
to dip iu cither 
direction. 


Delicate thin- 
walled cellulose 
cells. 


Irregular pol)- 
gonal cells with 
evetil) thickened 
wail'-, traversed 
li> numerous 

mil marled, 
simple pits flic 
ruth le shows 
striated ridjies 
Size of celts a [i)c 
to 1 (hi^ long, and 
23 p to U'fi wide 


Several lavers 
of cuticulansed 
c-oliciich) matouc 


Japanese chillies. 


Cells with 
strong!) tliick- 
ened nails and 
a radiated lumen 
rhe pits onl) 
rarel) penetrate 
the whole thick- 
ness of the wall 
No visible stria- 
lion Size of cells 
30p to 60/c long 
and 1 eiz to 4 ju 
wide 

A rtnglc laver 
of regular pol) 
gonal cells with 
nit Icnlariscd 
lalrl) (hick walls, 

traversed Le 

numerous nits, 


Chemical Composition.- — H. E Cox (“'Chemical 
Analysis of roods,” 1926, 157) gives the follow, 
mg as the average analy tical figures for cayenne 
pepper and paprika : 

Cayenne. 

Moisture 7 5-10 0 


Ash 

Water-soluble ash 
Ether extract 
Alcohol (60%) extract 
Crude fibre . . . 

Nitrogen .... 
Starch .... 


Paprika 

70-76 

61- 63 
4 7-5-0 
9 5-11-4 


1-6 4 
26- 33 
15 5-19 2 
24 0-30 0 14 7-158 
17 5-24 5 14 3-15-0 
1-8- 22 24- 29 

05- 1-5 — 


Numerous other figures have been published, 
notably by Winton, Ogden, and Mitchell (Ann. 
Rep. Connecticut Exper. Station, 1898, 200), 
Doolittle and Ogden (J. Amer. Cheru. Soc. 1908, 
30, 1481), and Tolman and Mitchell (Ind. 
Eng. Chem. 1913, 5, 747). 

Bela von Bitt6 (Landvv. Versuchs Stat. 1895, 
46, 309) mentions that 0 7% of free fatty acids, 
chiefly palmitic, are present in the seeds, and 
these acids arc responsible for precipitation in 
tinctures made from the ground fruits. 

Nelson (J. Amer. Chem. Soc. 1919, 41, 1115; 
1920, 42, 597 , 1923, 45, 2179) has synthesised 
capsaicin, C Ig H 17 0 3 N, the pungent principle of 
cayenne peppers, by condensing vamllj lamme 
and a deeenotc acid. Fruits of Sierra Leone and 
Japanese chillies and Capsicum annuum do not 
contain capsaicm (see, hoictier, Miko, Z Enters 
Nahr. Genussm. 1898, 818). Hungarian paprikas 
contain up to 0 01% of capsaicin, but it is not 
present in Spanish paprikas. 

Vitamin C. — J. L. Svirbcly and A. Szcnt- 
Gyorgyi (Biochem. J. 1933, 27, 279) have 
show n that papnka pepper is one of the richest 
sources of Vitamin C, of which it contains about 
0 2 %. 

Colouring Matter, see Caps v nth in avd CaPSO- 
RUBIN. 

Assay. — K. von Fodor (Z. Enters. Lebensm. 
1931,61, 94) has shown that & mg. capsaicm 
in dry ether solution gives an intense blue 
coloration with vanadium oxychloride. A 
similar reaction, which is, however, not so 
sensitive, may be obtained by treating a clear 
extract (3 e.c = I g. of sample) in dry’ acetone 
with 9 drops of concentrated hydrochloric arm 
and 0 1 g of ammonium vanadate. The colour 
vanes from blue (for 0 08%) through gret n lo 
green-brown (for 0 01% of capsaicin). The 
brown colour is due to the presence of carotene. 
The blue compound has the composition 

c«h„o.n-voci, 

L F. Tice (Amer. J. Pharm. 1933, 105, 3-») 
describes a method of determining the capsuictii 
in papnka by extracting 2 parts by weight ol 
the dried fruit for 30-60 minutes with 100 voK 
of dry acetone : fi c.c. of the extract are trcatol 
with 1 drop of vnmdiura oxychloride solution 
and the colour obtained compared with tbit 
given by solutions of pure capsaicin in aceton# 
coloured by previous extraction of capsauin- 
free paprika. 

The sharp taste of cay enne pepper is due t 
the stimulation of the" nerves in the nwut 
and throat, and it has been suggested («!• • 

I Mmuh, J. Awmm. Oh. Agne. Chem. 19W, U. 
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383) that the best method of determining the 
pungency of cayenne peppers is by taste. A 
solution of capsaicin is very satisfactory, but 
difficult to prepare, and piperine is employed as 
a substitute. A standard is prepared by 
dissolving 16 mg. of piperine in 1 litre of 10% 
sucrose solution, and the amount of capsicum 
required to produce the same effect jn the throat 
is estimated. 

\V. Pfahl and A. Rotsch (Z. Enters. Lebensm. 
1933, 65, 452) have demonstrated that the 
presence of paprika in sausages may be proved 
by means of a characteristic colour reaction. 
The fat is extracted and saponified, the fatty 
acids being converted into their calcium salts, 
which are washed and dried and extracted with 
96% alcohol. After evaporation of the alcohol 
the residue is treated with concentrated sul- 
phuric acid, and in the presence of paprika a 
purple colour is obtained. 

Preservative. Action. — J. TV. Corran and S. H. 
Edgar (J.S.C.I. 1933, 52, T, 149) have shown 
that cayenne pepper and its oleorcsin exert no 
inhibitory action towards fermentation by yeast. 

Adulteration. — Powdered cayenne pepper 
may contain olive oil, which is added by the 
grinders in order to facilitate the process. In 
the eastern part of Europe, where paprika is 
used considerably as a condiment, adulteration 
is rife, the addition of maize meal, sawdust, bran, 
and extracted sunflower seeds, together with a 
dye, being common, while in 1923 more than a 
thousand people were partially poisoned owing 
to the addition of 20% of red lead. 

Standards . — The monograph in the British 
l’hnrmacopccia, 1932, is almost identical with 
that of 1914, but it is specified that the pungency 
of capsicum is unaffected by alkalis, although it 
is destroyed by potassium permanganate. The 
ash must not exceed 7-0%. The regulations 
under the “ Canadian Food and Drugs Act," 
1928, describe cayenne pepper as being the 
dried ripe fruit of C. frutcscens, C. baccalum, or 
other small-fruited species of capsicum. It 
must contain not less than 15% of non-volatile 
ether extract and not more than 1-5% of starch, 
28% of crudo fibre, 8% of total ash, or 1-25% 
of ash insoluble in hydrochloric acid. T. McL. 

CAPSICUM RESIN. The commercial 
article known ns capsicincisan oleo-resinous body 
of indefinite, composition. The fruits of Capsicum 
minimum, known commonly as chillies, are used 
to impart a hot taste to pickles and similar 
substances, and in powder form are known as 
cayenne pepper. It is used to some extent in 
medicine and is to bo found in cheap brands of 
ginger beer, being used to give “ hotness ” at 
less expense than if ginger were used. If the 
crushed fruits are exhausted with ether, the 
resulting extract will contain a considerable 
amount of fatty oil. The ethereal extract is 
itself extracted with alcohol, and this alcoholic 
extract nearly free from fnttv oil forms the 
eapsicinc of commerce. The substance chiefly 
responsible for the hot and acrid taste o'f 
capsicum is a body discovered by Thresh 
(l’iinrm. J. iii, 6, 941) ami to which he gave the 
name capsaicin (q.v.). E. J. p. 

CAPSORUBIN c. C'ArsAXTiitN. 

CAPSULAR 1G EN I N v. CarsuLARix. 


CAPSULAR IN, C 22 H 36 0 8 , m.p. 175°, 
[a] D —23-6°, was isolated by Saha and Chowd- 
hury (J.C.S. 1922, 121, 1044) from jute leaves, 
Corchorus capsularis, in 0-6% yield on the 
weight of the dry leaves. The glucose obtained 
on hydrolysis with sulphuric acid is, according to 
the authors, in optically inactive admixture, 
although this is questionable. The aglucone is 
termed capsularigenin. E. F. A. 

CAPUT MORTUUM. A residue from 
destructive distillation, e.g. ferric oxide. 

CARAJURA- tff CRAJURA v. Chica 
Red or Carajura. 

CARAJURET1N v. Carajurin. 

CARAJUR1N is the main anthocyanin 
colouring matter of the rare red pigment cara- 
jura, prepared by the South American Indians 
from the leaves of Bignonia chica. It was 
isolated and analysed by Chapman, Perkin, and 
Robinson (J.C.S. 1927, 3015), and given the 
empirical formula C 17 H 14 0 5 . Carajurin cry- 
stallised from benzene in garnet-like prismatic 
needles, and was found to have phenolic 
properties and to combine easily with acids 
to form well-defined crystalline oxonium salts. 
It contains two methoxy groups, and on. 
demethylation with boiling hydriodic acid and 
treatment with cold pyridine it yields carajuretin. 
Since there is no tendency to pseudo-base 
formation, a hydroxy] at 3 is improbable. 

The suggested formula (I) for carajuretin 
hydrochloride was confirmed by the synthesis of 
scuteUareinidin chloride, an anthocyanidin 
related to the flavone scutellarein, which 
resembled carajuretin hydrochloride in every 
respect. Carajurin hydrochloride is probably (II). 
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Carajura also contains carajurone , 
C 15 H s 0 5 -0Me, 

insoluble in benzene, which is probably cam- 
juretin monomethyl ether. 

The resemblance in type between carajurin 
and one of the less common flavones is of 
interest, since the natural nnthoeyanins are 
much less varied in type than the anthoxanthins. 

„ A „ . R. S.-M. 

CARAMBOLA. The fruit of Averrhoa 
Carambola Linn., a tropical tree grown in 
America, China, India and Hawaii. It resembles 
a cucumber in general form, attaining a length of 
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4-5 in , and having deeply nbkd sides shows a method of manufacture contains a negative 
cro=s-secUon of the form of a five pomted star, colloid which is flocculated by hydrochloric acid 
It is highly acid and largely used for the making at p a 2 05 (Clayton, “ Colloid Aspects of Food 
of mix'd pickles, but is sometimes eaten raw Chemistry and Technology,” 1972, p. 315); 
when fully ripe. A similar but somewhat the adsorption of the colloid on charcoal has been 
smaller species (A. Bihmbi Linn) known investigated by llauge and Willnman (lad. 
generally as “ bihmbi ” (or in the Philippines ns Eng. Chem. 1927, 19, 914) Similarities with 
“ camius ”) finds similar uses. The fruits weigh the colloids of molasses have been pointed out 
from i to 1J oz. by Joszt and Molinshi (Kolloid Bcih. 1935, 42, 

According to Del Rosario (Philippine J, Sci. 367) 

1913, 8, 59) a considerable proportion of the Caramel is a complex mixture, and not much 
acidity of both fruits is due to oxalic acid, is known of its constitution. Its colloid charac 
although other writers express some doubt on ter is discussed by G. ion Elbe (J. Amer, Chem 
this matter. Soc. 1936, 58, 600). Its principal constituents 

Recorded analyses (expressed as percentage appear to be caramelan, carameUn, and earn 
of green fruit) are ■ melin ; Marcusson (Z. angew. Chem. 1927, 40, 

1233) found also caramelic acid, but the existence 
of this is denied by Fuchs (ibid. 1028, 41, 83). 

Caramelan, C 12 H u O ( or 
constituent of caramel, is obtained nearly pure 
by heating a laivulose solution on a water bath 
or by heating sucrose at 170°-180° till 12% of 
its weight is lost. It is a brittle brown sobd, 
bitter and odourless, m.p. 136°, deliquescent, 
soluble in 84% alcohol, pyridine, methyl alcohol, 
or hot glacial acetic acid, insoluble in ether and 
benzene. It reduces Fehling’a solution, silver 
nitrate and gold salts. Alcoholic lead acetate 
precipitates Cj S H 18 0 8 -Pb0, ammomacal lead 
- n ,rt 1# 1Ifl) acetate, C l: H u O s -2PbO ; resorcinol or pbloro- 

1 « Calculated as oxalic add glucinol gives a red precipitate soluble in alcohol 

A. G. Po. or alkalis. Caramelan forms a yellow tetra 
CARAMEL is the brown substance produced acetate, m.p 107°, insolublo in water or ether, 
by the action of heat on glucose or invert sugar, soluble in benzene, hot alcohol, or glacial acetic 
and used for eolouting oc flav oututg various acid, a pale buff coloured teirabtnzoaU, m p. 
drinks and foods All shades of brown, to nearly 105°-10S°, soluble in acetone, chloroform, 
black, can be obtained according to the method alcohol, or benzene, insoluble in water, elher 
of manufacture, which vanes with the use for and bgbt petroleum, and a yellow lelranilratc 
which the product is intended. Originally, the which inflames violently on warming and fa 
sugar was heated to frothing point in tin open readily Eoluble m alcohol, ether or benzene, 
pan ; later, an alkali hydroxide or carbonate insoluble m water. It appears to be a tetra- 
was added It is now usual to conduct the hydroxy alcohol and to contain one CO or 
operation in a closed vessel, with the addition CHO-group per C 21 unit. See Cunningham and 
of ammonia or ammonium salts (Salamon and Dorte (J.C.S. 1917, 111, 689). 

Goldie, J.S C.I. 1900, 19, 301 ; Ling and Nanji, CarameUn, CjbH^Ojj, is separated from 
i&irf. 1922, 41, 151T) or of calcium carbonate caramelan by extracting with 84% alcohol, 
(Garmo-Cnmna, Notiz. chim. ind. 1027, 2, exhausting with cold water, and precipitating 
133). The product may be purified by steam with absolute alcohol (Blyth and Cox, It)* 
distillation (Albrecht, B P. 346136) or dialysis It is a brittle sobd, darker than caramelan and 
(Beal and Zoller, J. Amer. Pharm. Assoc. 1914, of great tiqctonal power, readily solublo in 
3, 495). The manufacture of caramel from water but not deliquescent, sparingly solublo 
molasses is described by Akkermann (Arch, in alcohol, insoluble in ether. It reduces 
Suikerind. Ned. -Indie, 1930, 38, 677). Baja Fehling's solution and forms compounds with 
(Requind. 1932, 1, 52, 74; 1932, B, 1100) lead similar to those of caramelan (CunniDghsm 

has investigated the effect on the product of and Dor£e, I.c.). 
glucose, dextrins, and proteins in the starting Caramelin, C„H„0 

is or C 88 Hj 0 9 Oj], fa » 

material ; he recommends replacing part of the nearly black, infusible substance, a mixture of 
glucose by invert sugar or honey, but not by isomerides A, B, and C. A is soluble in cold 
molasses. According to Ripp (Z. Ver. deut. water, B soluble in hot water, and C insoluble. 
Zuckcr-Ind. 1926, 627) the nitrogenous sub- A passes into B on evaporating its aqueous 
stances present determine the depth of colour of solution. The soluble forms reduce Fehling’s 
the product. solution and silver and gold salts, and give 

Caramel forms a porous, amorphous, bnttle precipitates with lead salts (Cunningham and 
mass of m.p. 134' > -136' > , deliquescent and Dor£e, l.c.). 

partially soluble in alcohol. It has a more or Detection, and Estimation of Caramel . — Sow® 
less bitter tasto and is not fermentable. Jta wines contain natural caramel (3Iastbao0, 
spectrum has no definite absorption bands, but Z. Unters. Lebensm. 1933, 66, 254), but in 
the blue side is extinguished, as in the case of general artificial addition is to be suspected if 
ferric chloride (Blyth and Cox, “ Foods,” 1927, the brown colour of a liquid does not disappc* f 
7th ed., p. 93). The product of Garino-Canina's on shaking with tannic acid (Blyth and Cor, 


6 00 OS-1 0 74 — — 0 61 012 

8 2" 0 72 0 70 1 01 4 3 40 1 24 0 42 
5 14 0 08 1 39 — — 0 01 0 30 


* Philippine fruit Adriano et al (Philippine Agnc 
1023,14, 57) 

* Hawaiian fruit quoted b> Wlnton, ‘•Structure and 
ConipoMtion of Poods " Wiler. New York, 1932-1933 

» Philippine fruit \dnano el al. (Philippine Agnc 
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op. cil.). Fullers’ earth also removes the colour 
due to caramel. Paraldehyde and alcohol give 
a brown precipitate soluble in water ; the colour 
of this solution may be used as a measure of the 
caramel present (Blyth and Cox ; Woodman, 
“Food Analysis,"’ 1024, 2nd ed., p. 83 ; Hcuss, Z. 
gcs. Brauw. 1918, 41, 108). Caramel may also 
be estimated colorimetrically after extraction 
by a mixture of amyl alcohol, toluene and 
tartaric acid (Williams, U.S.P. 1689901) or 
spectroscopically by absorption of the blue end 
of the spectrum by an aqueous solution (Stolle, 
Clicm. Zcntr. 1899, (5), 3, ii, 1099). From the 
solution of the paraldehyde precipitate, phenyl 
hydrazine precipitates a substance similar to an 
osazone but amorphous ; this can be used for the 
estimation of caramel. Lead acetate gives a 
yellow to brown colour if caramel is present. The 
presence of hydroxymethylfurfural associated 
with caramel is shown bj r a red colour , with 
resorcinol (Ronnel, Ann. Falsif. 1912, 5, 517), 
a violet colour with jS-naphthol in sulphuric acid, 
or an orange-yellow colour with phenol in 
sulphuric acid (Schenk, Apoth.-Ztg. 1914, 29, 
202 ; J.S.C.I. 1914, 33, 369). Reduction of 
Folding's solution may be used for the estima- 
tion of caramel if any dextrose present is 
previously removed. Methods of determining 
caramel on coffee beans roasted with sugar have 
been investigated by Fresenius and Grunhut 
(Z. anal. Clicm. 1897, 36, 225) ; Hilger’s method, 
modified by Rife and Medrano (Anal. Fis. 
Quim. [teen.], 1929, 27, 313), is said to he the 
best. It consists in extracting with water and 
90% alcohol (1:1), evaporating and weighing 
the residue, subtracting a constant to allow for 
soluble constituents of the coffee itself. In milk, 
caramel is detected by a bluish-violet colour 
produced on covering the curd with concentrated 
hydrochloric acid (Blyth and Cox, op. cil.). 

Caramel may itself be adulterated with coal- 
tar dyes. These are detected by double dyeing 
from a very dilute solution, using tartaric acid 
as a fixing agent (Noel, Pliarm. Zentr. 1926, 67, 
33). The detection of sugar, starch syrup, and 
invert sugar may be carried out by a modifi- 
cation of Kruishccr’s method (Aleksandrov and 
Sulisohtschevn, Sclir. zentr. Forschungsinst. 
Lcbensm. U.S.S.R. 1933, 4, 33). 

CAR AN A. A Boft oleo-rcsin allied to 
Brazilian olemi, probably derived from Prolium 
ear aim March, and allied species. 

CARAPA OIL. Crabwood oil, Touloucouna 
oil, Avdiroba oil. These names comprise a 
group of similar oils from the seeds of species of 
Carapa (Fam. Meliaccai). The most important 
of these oils, known as crabwood oil, or, in 
Brazil, as Andiroba oil, is obtained from Carapa 
ijuiancnsis Auhl. ( = C. guyanensis Aubl.), a 
tree growing in the West Indies and in Central 
and South America. The oil is produced by 
crude native methods and is used locally as a 
liniment and insect-repellent (c/. dc Yerteuil, 
Agric. Rec. Trinidad, 1899, August, p. 17), and 
also as an ilhiiiiinant. Its industrial use for soap- 
making is being developed (166,000 litres of oil 
were exported from Brazil in 1920). The 
characteristics of the oil arc as follows : m.p. 
28 = C. (partly liquid at I5°C.) ; 0-8572 ; 

acid value, up to 37 ; saponification value 197 ; 


iodine value 57-3—64-5 ; unsaponifiable matter 
0-6% ; f.p. of the fatty acids 3o-8°C. (cf. Bolton 
and Hewer, Analyst, 1917, 42, 35 ; Bull. Imp. 
Inst. 1928, 26, 411). Several samples of od 
examined by Bolton and Hewer were found to 
display slight optical activity. 

A similar oil is obtained from the African 
tree G. procera DC. {=G. guyanensis Oliv., C. 
touloucouna Guilt, and Perr., C. guineensh 
Don. and Sweet., G. microcarpa A. Chev.).' 
Lewkowitsch (Analyst, 1909,' 34, 10) gives the 
following figures for the cold-pressed oil from 
seeds from Sierra Leone : d\\ 0-9272 ; m.p. 
15°-36°C. ; saponification value 197-1 ; iodine 
value 75-7 (Wright, Bull. Dept. Agric. Trinidad; 
1910, (9), No. 65, gives iodine values ot 
58-5-67-7— for O. procera ?) ; mean molecular 
weight of the fatty acids 291-5. Lewkowitsch 
also reports data for a hot-pressed oil. 

C. grandijlora, Sprague, from Uganda (Lewko- 
witsch, Analyst, 1908, 33, 184) is a distinct 
species, but yields a similar oil. J. L. and E, L. 

CARAWAY. The dried fruit (seed) of 
Carum Carvi Linn. (Fam. Umbellifene), a native 
of West Africa, and largely cultivated in 
Europe and America. The plant is a biennial, 
growing to a height of 2-3 ft., and is not unlike 
parsley in appearance. It flowers in May and 
June, but the best fruits are only collected in the 
second year. The meriearps are usually separate 
from the pedicel, and vary from 3 to 7 mm. in 
length and 1-5 to 2 mm. in breadth ; they are 
slightly curved and taper towards each end. The 
cross-section of the fruit is almost that of 
a regular pentagon, the commissural surface 
being slightly greater than the four comprising 
the dorsal surface. The cross-section also shows 
the presence of six vittse or oil cells, of which two 
are on the commissural side. The fruit is similar 
to fennel seed, but is shorter and more slender. 
It is largely used for flavouring purposes, though 
it is not as popular as formerly. It is also used 
as a carminative. 

Microscopic Appearance . — The epidermal cells 
have a very thick striated cuticle, and stomata 
are present. The mesocarp consists of more or 
less collapsed parenchyma, though tho reticu- 
lated cells found in fennel are absent. The vittse 
arc very large, and may bo as much as 350p in 
tangential diameter. The endosperm and em- 
bryo are very similar to fennel in structure, 
being without grooves and containing fixed oil, 
aleurone grains (g.v.), and rosette aggregates of 
calcium oxalate about 1 p in diameter. 

Chemical Composition. — H. E. Cox, “ Chemical 
Analysis of Foods,” 1926, p. 171, gives the 
following composition : 


Moisture 11-5-15-5 

Ash 5-5- 6-7 

Water-soluble ash 2-0- 2-2 

Volatile oil 2-7- 8-2 

Fixed oil and resin .... 6-2-10-1 

Crude fibre 17-5-22-3 

Nitrogen 5-9- 6-4 


Probably the most satisfactory method of 
determining the amount of essential oil present 
in the seeds is bv the process of Cocking and 
Middleton (Quart. J. Pharm. 1935, 8, 435). 
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The crushed seeds are mixed with brine solution, 
distilled, and the vapours passed through the 
top of a condenser into a graduated tube, in 
which the oil is collected, whilst the condensed 
w a ter is returned to the distillation flask. These 
authors find that the yield of oil is increased by 
about 0 6-0 7% if the fruits are powdered before 
distillation, but that the powdered seeds tend to 
lose volatile oil on keeping. Commercial 
powdered 6eeds contain from 2 3 to 3 9% of 
volatile oil. For further details of the oil, see 
CABAWAY, ESSE!*TIAL OlL UY. 

Standards . — The British Pharmacopoeia re- 
quires an ash content of not more than 9% 
with aiid-msoluble ash less than 1 5% The 
United States Pharmacopoeia requires an ash 
content of not more than 8%. 

Adulteration . — Caraway seeds are often adul- 
terated with exhausted (extracted) fruits, these 
are much darker in colour than those which have 
not been treated. T McL. 

CARAWAY, ESSENTIAL OIL OF. 
The oil distilled is from the fresh caraway seed 
(p supra). The yield of oil is 4 0-6-5%. 

Constituents. — The chief constituent of this 
oil is cars one (q t.), to w hich the odour and taste 
ore mainly due. A good oil contains at least 
50% of can one. The remainder of the oil 
consists of the terpene d-carv ene. identical with 
cMimonene, and in addition small quantities of 
dehy drocarvonc, carv eole, dehydrocarveole Car- 
x one forms a characteristic crystalline compound 
with sulphuretted hydrogen when the latter is 
passed into a solution of the oil in alcohol 
saturated with ammonia gas. 

Characters . — It is a colourless or pale yellow 
oil, sp gr. 0 910-0 920 at 15 5°, optical rotation 
+ 70° to +80°, nj 1 1 485-1-492. It is Boluble in 
an equal volume of alcohol 90%, and in 7 vola. 
of alcohol 80%. The percentage of can one is 
determined by the hydroxy lamme method. 
Caraway oil is used chiefly for flavouring pur- 
poses and in medicine as a carminative C.T. B. 

CARBAM1C ACID, H,N COOH. Ammo- 
formic acid. An acid not known in the free 
state Ammonium carbamate is, however, met 
with in freshly sublimed commercial ammo- 
mum carbonate, and may be prepared bv mixing 
gaseous ammonia and carbon dioxide. Obtained 
also by the action of alkaline solution of potas- 
sium permanganate on albumen, leucine, tyro- 
sine, and glycocoll. 

CARBASONE, p carbarn inophcnylarsomc 
acid (r. Absevicals, OroamC). 

CARB AZIDE r Cabbxzoimide. 

CARBAZINES and CARBAZONES r. 
Acnwtyz 2)i ESTvrn. 

CARBAZO IM IDE, carbonyl aside (has 
been called earlaztde and carbonyl nitride), 
Nj-CO-Nj. Long needles with a penetrating 
odour, obtained by extracting with ether a 
cold mixture of solutions of 2 mols. sodium 
nitrite and 1 mol. carbohydrazide hydro- 
chloride. Explodes xiolently on friction and 
even when exposed to light. Very soluble in 
water, alcohol, and ether. Extremely \ olatile. 
The aqueous solution decomposes slowly into 
carbon dioxide and hydrazoic acid (Curtiux and 
Heidcnreidi, Bor. 1894, 27. 26SI ; J. jir. Chcm 
1897, [u], 52, 454), 


CARBAZOLE, C„H g N, 
NHj 


y'V 


''is 

Syntheses . — Carbazole is formed by pyrolysis 
of aniline, diphenylamine (Graebe, Ber, 1872, 
5, 377 ; Annalen, 1873, 167, 128), methyl 
dipheny/amme (idem. Annalen, 1874, 174, ISi), 
or 2-aminodiphenyl (Blank, Ber. 1891, 24, 306) 
It is produced in good yield by heating 2 2'- 
diaminodiphenyl with 23% H 2 S0 4 or 15% 
HCI at 200°C. (Tauber, Ber. 1891, 24, 200), or 
by reduction of the diazonium solution pre- 
pared from 2 2'-diammodiphcnyl, eg. with 
potassium hydrosulphide (idem , ibid. 1893, 26, 
1703). 1 -Phenyl- benztnazole. 


A/N, 


r 


N 

-NPh 


itself obtained from o aminodiphenyhmine and 
nitrous acid, yields carbazole when heated at 
360° (Graebe and Ullmann, Annalen, 1896, 291, 
16). 

Tetrahydrocarbazole, obtained on boiling 
cyclohexanone phenylhydrazone with hydro 
chloric acid (W Borschc el al , Annalen, 1908, 
359, 49) when mixed with hydrogen and passed 
over a catalyst containing copper, chromium, and 
barium oxides, and Tlorida earth is conxerted 
to pure carbazole (F.P. 744595, 1933). Other 
dehydrogenating agents may be used. 

Carbazole is formed in the dry distillation of 
strychnine and in the distillation of brueino 
with zinc dust (Loebisch and Schopp, Monatsh 
188G, 7, 614) 

Manufacture from Coal Tar . — Carbazole u 
produced in the dry distill ition of coal (for dis- 
cussion, see fstemart and ischulz, Chim. et Ind. 
1934, 31, 507-513, 766-772), anil appears in 
the anthracene fraction of coal txr boiling 
between 320° and 36 (PC. The solids deposited 
on coolmg this fraction contain about 30% of 
anthracene, 22% of carbazole, and 48% of 
phenxnthrene und other hydrocarbons (F. 
Clark. Ind Eng Chcm. 1919, 11.201). It max be 
isolated from the raw anthracene by comtrxioit 
to its potassium cleric dive with solid KOH unu 
subsequent decomposition of the dcmatixc with 
water. 

C„H,-NH+ KOH-C,,H, NK+H,0 

A separation of a mixture of anthracene 
hydrocarbons and tarbaznlu is effected either 
by extraction of the former with carbon tetra- 
chloride (U.S P. 1672630) or ol the latter with 
crude pxndinc bases (E. Kcnngott, Clicni •/'£• 
1932, 56, 969) Hydrogenation at high tem- 
peratures and pressures of tar fractions with a 
molybdenum - chromium - manganese cat and 
(B.P. 340383) or with a catalyst «©mpos«l ®l 
alkali or alkaline earth metals or their hjdndw 
(F.P. 733704) yields a product from wnicn 
cxrbazote max Ik- isolated by vacuum distillation 
and crystallisation from the crude condensate 
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Pure carbazolc may be obtained from impure 
commercial samples by extraction of accom- 
panying phcnanthrene with solvent naphthas, 
sulphonation of the anthracene with cold 98% 
sulphuric acid, and sublimation of the residual 
carbazole (Clark, Ind. Eng. Chem. 1919, 11, 208). 

Properties. — Carbazole may be obtained as 
leaves and needles by sublimation or by reel's- 
tallisation from toluene. It has m.p. 245°, 
b.p. 354°-355°, and is weakly triboluminescent. 

Chemical Character and Tests. — Carbazole is 
an extremely stable compound and is unchanged 
by distillation over glowing zinc dust (Graebe, 
1872, B, 5, 13). It is only very weakly basic and 
dissolves unchanged in cold cone. H 2 S0 4 , and 
is reprccipitated on dilution with water. 

Carbazolc may be reduced catalytically par- 
tially or completely. On its reduction with red 
phosphorus and hydriodic acid” carbazolenc,” 
or l:2:3:4:10:ll-hexnhydroearbazole, is produced 
(Graebe and Glaser, Annalen, 1872, 163, 352). 
Reduction of carbazole with sodium and amyl 
alcohol yields 1 :4-dihydro- and 1 :2:3:4-tctra- 
hydro-carbazole (Zanetti, Ber. 1893, 26, 2006). 

The only well characterised products which 
have been obtained by oxidation of carbazole 
are two' isomeric dicarbazyls, m.p. 220° and 265° 
respectively (Perkin and Tucker, J.C.S. 1921,119, 
216). The former is 9:9’-dicarbazyl (McLintock 
and Tucker, ibid., 1927, 1214) 

Carbazole gives several colour reactions, e.g. 
it may be detected in the presence of diphenyl- 
amine by dissolving the mixture in benzene, 
carefully adding a few drops of 70% H 2 S0 4 , 
avoiding mixing, and finally adding 1 drop of 
3% H 2 Oj. In the presence of carbazole a green 
tint appears at the interface of the two layers 
(Stcmart and Schulz (l.c.) ). 

On inciting together carbazole and oxalic acid 
“ carbazole blue,” the formate of tri-(3)- 
earbazyl carbinol, [Cj 2 H b N] 3 C(OH), is pro- 
duced (Bamberger and Muller, Ber. 1887, 20, 
1903 ; Copisarow, Trans. Ceram. Soc. 1920, 
1542). 

Derivatives of Carbazole. — Derivatives of 
carbazole may be obtained by total syntheses 
similar to those already mentioned for the 
parent compound or, usually more conveniently, 
starting from carbazole itself. 

They may be considered in the two classes : 

(1) N -derivatives. 

(2) C-derivatives. 

(1) N-dcrivativcs. — Carbazole reacts with solid 
caustic potash giving a N -potassium deriva- 
tive, and with methyl magnesium iodide giving 
the compound, CijH 8 N*Mgl. 

N-alphyl-carbazolcs may be prepared from the 
potassium compound and alphyl-halides, pre- 
ferably iodides, under fairly mild conditions. 

N-acyl-carbazoles may be obtained from the 
potassium or magnesium derivative and acyl 
halides. 

N -acctylcarhnzoh, m.p. 76°, is formed from 
carbazole and acetic anhydride in the presence 
of sulphuric acid or ferric chloride at 98°C. 
(Bocsekin, Rec. irav. chim. 1912, 31, 361). N- 
oxymethyl carbazole, m.p. 127°, is formed from 
formaldehyde, carbazole, and alkali carbonate 
in alcohol (G.P. 256757). On heating with'acids 
it is converted to 3:3'-metli3’IenediearbazoIe. 


With nitrous acid (acetic acid and potassium 
nitrite) carbazole yields H-nilrosocnrbazolc 
m.p. 82° (Wieland, Annalen, 1912, 392, 182). 

Potassium carbazole with carbon-dioxide i3 
converted to potassium carbazole- N -carboxylate. 
This when heated in a stream of carbon dioxide at 
270° yields carbazole-1 -carboxylic acid (Briscoe 
and Plant, J.C.S. 1928, 1991), while at 285° the 
2-carboxvlic acid is formed (Plant and Williams, 
J.C.S. 1934, 1142). Above 300°C. or under pres- 
sure a carbazole dicarboxylic acid is produced. 

(2) C-derivatives. — Carbazolo or N-acylcar- 
bazoles possess in general the reactivity of 
members of the benzene series and may be simi- 
larly nitrated, sulphonated or halogenated. 

Usually substituents enter successively the 
3, 6, 1, and 8 positions and then those remain- 
ing, but there are exceptions to this order. 

Nitro-derivatives may be reduced to amino- 
compounds and thence converted, through the 
diazonium-salts, to nitriles, etc. Sulphonic-acid 
groups in carbazole may be replaced step by step 
with hydroxyl groups by means of caustic 
alkali (e.g. G.P. 580319). Remaining -S0 3 H 
groups may be removed by subjecting the 
product, for example, to the action of dilute 
acid at 180°C. under pressure (G.P. 258298). 
Carboxyl groups may be introduced into certain 
hydroxy carbazoles by the action of alkali and 
C0 2 (e.g. G.P. 586804). 

Alkyl Carbazoles. — Alkyl carbazoles may be 
synthesised by the general methods given for 
carbazole itself. An example of another interest- 
ing mode of synthesis is illustrated by the 
following example : 


Me 


Br, 


MeBr 


Me' 


^OH 


Me! 


p-toluideue. 


Me 



NH 

UMe 

rearrange 


Me, 



Me 1 ' 


with HCI 

Me 1 

Me.-^V 



NH 2 

OH 

Me 


Zn 

dust 


NH 


'X/ 


Mel 


Me 


(Fries, Bokcr, and Wallbaum, Annalen, 1934, 
509, 73.) 
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According to U.S.P. 1972232 carbazole may' 
be mono- and poly- alkylated with olefines trader 
normal or increased pressure at 50’-200’C. 
using aluminium- or feme- chlonde a a catalyst. 
Soft resinous materials are obtained by the 
reaction of carbazole with olefines in the presence 
of a hydrosiltcate material with a large surface 
(U.S.P. 1916(129). 

Carbaiyl Ketor.es . — In recent years the appli- 
cation of Fnedel and Craft’s reaction to carbazole 
has been the matter of several researches. It 
appears that unsubstituted carbazoles and N- 
aLkyl carbazoles give 3 6 diacylcarbazoles with 
acyl halides and aluminium chlonde. N-acyl 
carbazoles with A!CI S alone rearrange to the 
3 acylcarbazoles, but in the presence of acyl- 
hahde 2.9-diacyl compounds are produced 
(Plant, Rogers, and Williams, J.C.S. 1935, 
741). On fusion with alkali the carbazyl- 
ketones yield the corresponding carboxylic 
acids (e.g. Plant and Williams, J C.S. 1934, 
1142). 

Uses . — The chief use of carbazole is os a 
dyestuff intermediate. 

When carbazole is condensed with nitroso- 
phenol m 80% sulphuric acid at a low tempera- 
ture, carbazole radophenol, 

0'-C l "-q-° 

is produced. 

On heating this substance or its leuco 
denvativo with sodium polyaulphide the im- 
portant dv estuff “ Hydron-Blue ” is formed 
(G.P. 218371). 

Carbazole hydroxy sulphonic and carboxylic- 
acids, etc., may be used as secondary components 
in azodyca. Th» tctrazo-compound from 3.6- 
diaminocarbazole, like other tetrazo compounds 
of bcnznlene denvatives, is used in the prepara- 
tion of direct cotton dyes. 

Pigments may be obtained by condensation of 
benzoquinone and carbazole denvatives, e g. of 
cbloraml with 3-ammo-N-ethyl-carbazole (B.P. 
3S7565, J 933). Certain Anaesthetics are derived 
from carbazole. The diethylammoethyl ester 
of carbazole-N carboxylic acid, for example, is 
cited as a local anaesthetic (“ carbacaine ”) (J. 
Pharmacol. 1933, 47, 69). 

CARBAZOLE DYESTUFFS c. Amhba- 
quinoxe DrcsTurrs. 

CARBIDES. Carbon forms binary com- 
pounds, ** carbides,” with the majonty of the 
elements. These compounds exhibit a remark- 
able range in their properties and methods of 
preparation : thus gold carbide, Au,C, (also 
termed aurous acctylide), explodes when gently 
brushed from the filter paper on which it has 
been dned or when heated abo\ e 83° (Mathews 
and Watters, J. Amer. Chcm. Soc. 1900, 22, 
10S), whilst the inert tantalum carbide, TaC, 
m.p. about 4,150° absolute, is extremely resistant 
to chemical attack and is one of tho hardest 
artificial materials (Agte and Alterthum, Z. 
techn. Physik, 1930, 11, 18 ; Chem. Zentr. 
1930, ii, 182). The preparation of heavy metal 
carbides in the electric furnace (Moissan, ** The 


Electric Furnace,” E. Arnold, London, 1904) 
may be contrasted with the method used by 
the same im estigator for preparing pure car- 
bides of sodium and potassium of which the 
first stage is the action of acetylene on the 
solution of the alkali metal in liquid ammonia 
at -40° (Corapt. rend. 1898, 127, 917). 

Occurrence.— Crystals of an iron carbide or 
cohemte, (FeNiCo) 3 C, have been found in 
meteorites (E. Weinsherik, Ann. Mus Wien, 
1889, 4, 94) and in the basalt of Ovifak (for a 
differing formula, p. 1928, A, 864). Moissanite, 
CSi (c/. carborundum), was found in a meteorite 
of Canon Diablo, Anzona, by Moissan (Cornpt. 
rend. 1904, 139, 778 ; 1905, 140, 405 ; ef. 
Kunz, Amer. J. Sci. 1905, 19, 396). Natural 
carbides of heavy metate are of interest in con- 
nection with Mendebef’s theory of the origin 
of petroleum (Wagner, Bor. 1877, 10, 229 ; 
Mendelcef, “ Principles of Chemistry,” I, p.403, 
Longmans, Green & Co , London, 1905). 
According to this theory water penetrating to 
depths where metallic carbides are subjected to 
high temperatures and pressures, will, by inter- 
action, form gaseous and liquid hydrocarbons 
resembling those in crude petroleum. The 
considerable literature of the theory is sum- 
marised adv erselv, in Engler-Hoefer, “ Das 
Erdoel,” 1909, II, '62. 

History. — H. Davy observed the properties 
of a product containing potassium carbide 
(Phil. Trans. 1809, 99, 39, 71). Edmund Davy 
made a quantitative examination of a credo 
potassium carbide, obtained by heating calcined 
cream of tartar w ith potassium carbonate, and 
of the gas generated from it by tho action of 
water, but his correct determinations were 
overlooked for many years (Rep. Brit. Assoc. 
1836, 62, 63 ; Trans. Roy. Irish Acad. 1839, 
18, 80). Berthelot in the course of his researches 
on acetyleno studied cuprous aeetyhde, Cu,C ( , 
and its double salts (Ann. China. Phys 1S63, 
[in], 67, 62). Later he made the carbides of 
potassium and sodium by heating the metals 
in acetylene (ibid. 1866, (iv], 9, 385) Moissan, 
employing his electric furnace, prepared a largo 
number of crystalline carbides by fusing a 
aeta) or its oxide or carbonate with charcoal 
(Cornpt. rend. 1694, 118, 501 ; cf. O. Honig- 
schmid, “ Karbide und Silicide,” W. Knapp, 
Hallc/Saale, 1914 ; Moissan. “ The Electric 
Furnace,” v.s.). Although Moissan prepared 
in tins way calcium carbide in 1892 its industrial 
manufacture arose independently in the UBA. 
(Willson, U.S.P. 492377, Aug. 5, 1892; «< 
Vol. I, p. 106, and Calcium Cabbide, this 
volume, p. 216). In 1890 Acheson, while en- 
deavouring to crystallise carbon by dissolving 
it in fused aluminium silicate in an electric arc, 
obtained silicon carbide, SIC, »'.«• carborundum 
(5 r. ; set also Chem. News, 1693, 68 , 179 * 
J. Franklin Inst. 1893, 136, 194, 279 ; 1903, 
155, 465 ; B.P. 17911, 1692 ; 12221, 18339, 
1893 ; 11473, 1895). A carbide of technical im- 
portance although not manufactured separator 
is cementite (q.v.), Fe,C, hard crystals which 
form part of the structure of cast iron an 
steel ; it w as isolated by dissolving Bessemer 
steel in dilute sulphuric acid (P. Muller, * 
Ver. dent. Ing. 1578, 22, 456 ; Mjlms, went**. 
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and Schoene, Z. anorg. Chem. 1897, 13, 38). 
Following the discovery of the artificial abrasive 
carbide, carborundum, much attention has been 
given to electric furnace processes for the pro- 
duction of harci and refractory synthetic sub- 
stances such as the carbides of boron (this vol., 
p. 44) and of titanium, tungsten, molybdenum, 
vanadium, tantalum, and zirconium. The last 
named carbides arc used as constituents of iron- 
carbon alloys, containing also other metals, for 
the production of cutting tools superior to those 
of high-speed steel. Moissan had noticed the 
hardness of the carbides of molybdenum, tung- 
sten, and chromium (“ The Electric Furnace,” 
p. 254) and Friederieli called attention to this 
property in the case of the rare metal carbides 
(Fortsch. Chem. Physik. Physikal. Chem. 1926, 
18, 12). IC. Becker discusses their manu- 
facture and uses in “ Hochschmelzende Hart- 
stoffe und ihre technische Anwendung,” 2nd 
cd., 1935, Verlag Chemie G.m.b.H., Berlin'. 

Non-metals. — One of the few remaining 
gaps in the list of carbides of the non-metals 
was filled by de Mahler’s preparation of 
phosphorus carbide, Pa^c’ a white amorphous 
substance obtained by the action of phos- 
phorus trichlorido on Iotsitsch’s compound, 
Mgl-ClC'Mgl (J.C.S. 1914, 106, i, 393 ; de 
Mahler, Bull. Soc. chim. 1921, [iv], 29, 1071). 
Arsenic carbide, As 2 C 0 , was also prepared. 

Alkali Metals. — Guernsey and Sherman 
(J. Amcr. Chem. Soc. 1926, 48, 141) prepared 
puro white Na 2 C 2 by the method of Berthelot 
(he.) at 220°, decomposition being avoided by 
adequate mixing of the melted sodium with the 
acetylcno. With little water the compound 
liberates acetylene, but with a large excess an 
explosion occurs with deposit of carbon, and 
when ground in a mortar with sulphates or 
chlorides of the heavy metals explosive reactions 
take place. Treatment with iodine gives C 2 I 4 . 

Melted potassium inflames in acetylene ; the 
pure carbide, K 2 C 2 , was prepared by Moissan 
(Compt. rend. 1S98, 127, 911) by heating in 
vacuo the precipitate obtained by passing 
acetylene into a solution of potassium in liquid 
ammonia cooled to —40°. 

Magnesium Carbides. — Novak (Ber. 1909, 
42, 4209 ; Z. physikal. Chem. 1910, 73, 513) by 
heating magnesium in acetylene to 400°-500° 
obtained mixtures of MgC 2 and Mg 2 C 3 , and 
a maximum of the latter compound at 545°. 
MgC 2 yields acetylene with water, but Mg 2 C 3 
gives allylcne : 

MgX 3 +4H 2 0=2Mg(0H) 2 +CH 3 C:CH 

Silver, copper, and mercury carbides are 
described in the article Acetylene, Vol. I, 
82 1. Durand (Compt. rend. 1923, 177, 693) 
mixed calcium carbido with cupric chloride 
solution and by treating the residue with dilute 
acetic acid obtained explosive cupric acctylide, 
CuC 2 . 

Gold. Aurous carbide, Au 2 C 2 , is pre- 
cipitated when acetylene is passed into a 
strongly ammoniacal solution of aurous sodium 
thiosulphate, Na 3 Au (S 2 0 3 ) 2 (Mathews and 
Watters, l.c.). Au, Ag, and Cu do not 
form carbides when the metals are fused in 
contact with charcoal. 


Lead. Plumbous acetylide, PbC 2 , is con- 
tained in the grey precipitate given by calcium 
carbide in normal lead acetate solution (Durand, 
l.c.). 

Beryllium carbide, Be 2 C, from BeO and 
charcoal in an electric furnace (Lebeau, 
Compt. rend. 1895, 121, 496) is harder than 
quartz and when treated with water evolves 
methane. 

Zinc carbide, ZnC 2 , an unstable white com- 
pound was obtained by the action of acetylene 
on zinc ethyl in light petroleum (Durand, 
Compt. rend. 1923, 176, 992). 

Aluminium carbide, AI 4 C 3 , from the ele- 
ments at 2,000° in a hydrogen atmosphere. 
The best preparation contained 83% A1 4 C 3 and 
6-7 % AIN. The gas evolved by treatment with 
hydrochloric acid contained 97-5% CH 4 (Ruff 
and Jellinek, Z. anorg. Chem. 1916, 97, 312). 

Iron, manganese, cobalt, and nickel 
carbides (for iron carbide, v. Cementite, Fe 3 C, 
and Cohenite, v. supra ; for hydrocarbons pro- 
duced by acid hydrolysis, v. Mylius et at., Ber. 
1896, 29, 2991). Carbides of these metals of 
the formula MC 2 have apparently been pre- 
pared in an impure state by Durand (l.c.). 
Manganese carbide, Mn 3 C, crystals, hardness 
intermediate between talc and gypsum, was 
made by heating the elements at 1,600°. 
Hydrolysis yields equal volumes of hydrogen 
and methane (Ruff and Gersten, Ber. 1913, 46, 
400 ; J. Schmidt, Z. Elektrochem. 1934, 40, 
170). Cooling curves indicate the existence of 
Co 3 C, but the compound decomposes before 
the melt solidifies (Ruff and Keilig, Z. anorg. 
Chem. 1914, 88, 410). Similarly Ni 3 C is very 
unstable when cooled from high temperatures 
(Ruff and Gersten, l.c.). Titanium carbide, TIC, 
was separated from cast iron by Sliinner (Chem. 
News, 1887, 55, 156). Moissan (“ Electric 
Furnace,” 1904, p. 254) prepared it as crystals 
which scratched diamonds. Its m.p. is 3,410° 
absolute, ±90° (Agte and Moers, v. infra). 
Carbides of Zr, Nb, Mo, Hf, Ta, W 2 C, WC, 
very hard, refractory compounds, were studied 
particularly by Friederieli and Sittig (Z. anorg. 
Chem. 1925, 144, 169), Agte and Alterthum 
(Z. techn. Physik, 1930, 11, 182 ; Chem. Zentr. 
1930, ii, 700) and Agte and Moers (Z. anorg. 
Chem. 1931, 198, 233) who heated the metals or 
their oxides with carbon in an inert atmosphere 
to 1,700°-2,100° and sintered the compressed 
material by electric Heating (Agte and Moers). 
The latter authors prepared the carbides of 
Ti, Zr, Hf, V, and Ta by a growth method on 
a tungsten wire heated in an atmosphere of the 
metallic halide and hydrogen. SiC was also 
prepared in this way — yellow crystals without 
mensurable electric conductivity. The m.ps. 
determined by Friederich and Sittig are in fair 
agreement with the following measurements of 
Agte and Moers. 



ZrC 

NbC 

Mo 2 C 

MoC 

1° absolute . 

. 3,808 

3,770 

2,960 

2,965 

‘Hardness . 

. 8-9 

+9 

7-9 

7-8 


HfC 

TaC 

W,C 

WC 

t° absolute . 

. 4,160 

4,150 

3,130 

3,140 

‘Hardness . 

. — 

— 

9-10 

9 

* Quartz =7, 

topaz 8, corundum 

0, diamond 10. 
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The uncertainty in the m p. is reported as 
MOjC, MoC, W,C, WC, ±50° ; ZrC and 
NbC, ±125" ; HfC and TaC, ±150°. The 
carbides of hafnium and tantalum have the 
highest m p. yet observed. Technical appli- 
cations of these refractories are discussed by 
Becker (op. eit ). Theories of the structure of the 
metallic carbides have been proposed recently 
by J. Schmidt (J c ) and by Schmahl (Z. Elektro- 
chem 1934, 40, 68). According to the author 
first named, acetylene, is evolved by hydrolysing 
carbides whose crjstal lattice contains the 
— C — C — linkage whilst the evolution of 
methane indicates that the carbon atoms arc 
separated Moissan suggested a classification 
based on the gaseous products of hydrolysis 
(Compt rend 1896, 122, 1462; Z. Elektrochem. 
1902, 8, 44) (For barium carbide, r. Yol. I, 
637 r j for calcium carbide, v. Acetylene, 
Vol I, 74 r , 107 1 , and Vol, II, Calcium 
Carbide ) J. N G. 

C A R B I TO L . Diethylenegly colmonoethyl- 
ether (Carbide and Carbon Chemicals, New York). 

CAR BO HYDRAS E. The general term 
given to the various specific enzymes which 
hydrolase the carbohydrates. 

CARBOHYDRATES. The term is applied 
to poll hydroxy -aldehydes and ketones, and to 
the substances which give these when hydrolysed 
by heating with mineralaciils Glucose, sucrose, 
starch, and cellulose are carbohydrates uni 
versally distributed in plants. Glucose and 
glycogen enter into the composition of animal 
tissues. The simple carbohydrates, mono- 
saccharides, have the empirical composition 
CH,0, the most important being those con- 
taining 6 or 6 atoms of carbon. The complex 
carbohydrates, polysaccharides, are built up 
from two or more simple carbohydrates with the 
elimination of water , they have the composition 
(CjHjoOjln.HjO. Compounds in which n 
equals 1, 2, 3, or 4 are distinguished by namea 
having the Buffis - ose . They may bo 
vcniently grouped as follows : 

1. Monosaccharides : n=I. 

(а) Pentoses, C e H, 0 O,, eg. arabinose, 

xylose. 

(б) Hexoscs, C ( H 1} 0 ( , aldoses, e g. glucose, 

mannose, galactose ; ketoses, e g. 

fructose, sorbose. 

2. Oligosaccharides. 

(0) Disacchandes : n=2. 

(1) Non-reducing, eg. sucrose, trehalose. 

(2) Reducing, e g. maltose, lactose, etc. 

(6) Tnsacebandea s n=3. C, s HjjO, s . 

Gentianose, raffinose, melezitose. 

(c) Tet rasa ccba rides : n=4. C 2i H 41 0 21 . 

Stachyose. 

3. Polysaccharides. 

(a) Glycogen, inuhn, dextrms, n unknown. 

(1) Starch, cellulose, n large. 

Related to the carbohydrates are those 
substances which yield simple carbohydrates, 
together w ith other substances when hydrolysed. 
Such are glycosides, gums, pectins, etc. 

Central Characters — The members of classes 
1 and 2 are soluble in w ater. They have a more 
or lees pronounced sweet taste. The mono- 
saccharides are colourless crystalline com- 


pounds, characterised by the pow er of reducing 
alkaline solutions of the heavy metals, for 
example, copper. They form characteristic com- 
pounds with phenylhydrazine. 

The di- and poly-saccharides are converted 
into simple carbohydrates when hydrolysed 
Thi3 change may be effected by means of 
mineral acids, or, as rule, more quickly by 
enzymes. The complicated polysaccharides are 
usually amorphous ; they tend to form 
colloidal solutions, and are chemically relativeh 
inert. In v irtue of the hydroxyl- groups which 
they contain, they react with acetyl chloride, 
benzoy 1 chloride, nitric acid, etc , forming esters 
Carbohydrate solutions are generally optically 
active. The direction and amount of the 
rotation vary with the substance, and also 
with the strength of the solution, the nature of 
the medium, the temperature, etc. The optical 
rotatory power of carbohydrates is made use of 
in their analyses and as a guide to their structure 
It is now recognised, largely as the result of 
the work of Haworth (“ The Constitution of the 
Sugars,” Arnold, London, 1929) that the stable 
forms of glucose possess a siv-atom ring structure 
containing five carbon atoms and one oxygen, it 
is a 1.5 glucopyranose with a primary alcohol, 
— CH x -OH, group as a side chain. One of the 
other hydroxyl groups represents the group 
which was originally the nldehydic group In 
fact, the transformation from the aldehyde form 
to the lactone form may be regarded as an 
instance of ring-chain tautomensm as indicated 
below, hence the occurrence of o- and jS forms. 
On the other hand, the so called labile y. glucose 
and its derivatives contain a five-atom ring, and 
are represented as 1 ,4-glucofuranose with a 
longer side chain, — CH(OH) CH, OH. 


OHC 
HO HC 


CH(OH)CH 2 OH 


CH-OH 
Aldehyde form 
(•Mobile hj drogen ) 


HO-HC^ *CH CH, OH 


jhA* 


HO-HC* 'CH OH 

'''CH OH 
Glucopvranose 
(a and /J- forms) 

O 

HOH Ci ^CH CH(OH)CH,OH 

I* * I 

HO-HC CH OH 

Glucofurano*c (y- sugar). 

In addition to these two ring forms of glucose, 
there exist derivatives of yet a third, a seven- 
ring or septanose, modification. Lastly' there 
is evidence of a number of stable derivatives ol 
the aldehy die form : 

HO CH 2 [CH OHJ,CHQ 
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Thus the monosaccharides are known in the 
following forms : 

6 atom rings=pyranose. 

5 „ = furanose. 

7 ,, =septanose. 

Open chain =aldehydo. 

Glucose in solution can react in any of its 
four forms according to the reagents employed 
and the conditions of the experiment, so that the 
possibilities of isomerism are very large. 

The validity of the butylene oxide ring 
formula? adopted in the past mainly rested on 
the analogy with the lactones of the sugar acids : 
it has proved to be untenable. 

The new structure is based on the belief that 
the ring system of methyl gluco'side is not in 
any way modified by the usual processes of 
methylation, which if true makes it possible to 
determine the nature of the cyclic form by a 
study of the methylated lactone to which it gives 
rise. 

However, whilst there is no question of a 
shift in the ring during the methylation of a 
gluco-pyranose derivative, the same cannot be 
said with certainty of a glueofuranose derivative, 
indeed with some compounds there is evidence 
to the contrary. 

The Normal a- and /(-Sugars of the 
Pyranose Series. 


tartaric acid. It is inferred that the four-carbon 
chain of this acid represents the grouping of 
carbon atoms in the five-membered furanose 
ring. 

The ethylglucofuranosides (Haworth and 
Porter, J.C.S. 1929, 2796) are prepared by 
condensation of glucose monoacetone with 
phosgene to give glucose acetone carbonate. 
Hydrogen chloride dissolved in ethyl alcohol 
removes the acetone group from this product with 
the formation of the a- and /3-forms of the ethyl 
furanoside carbonate. Hydrolysis with barium 
hydroxide eliminates the carbonate grouping 
without displacement of the five-atom ring 
i nucleus of the sugar. 


a-ethylglucoside 1:5 
/J-ethylglucoside 1:5 
a-ethylglucoside 1:4 
S-ethylglucoside 1:4 


M.p. 

[a] D 

113° 

+ 150-6' 

73° 

-36-5° 

82° 

+ 98° 

59° 

-86° 


A further crystalline y-sugar derivative is 
glueofuranose 5: 6-carbon ate. 



HC-OH 


HC(OH)- 


-HC-OH 


The a- and /3-methylglucosides are converted 
by Purdie’s original method (J.C.S. 1903, 83, 
1021, 1137), using silver oxide and methyl 
iodide, or by digestion in aqueous solution with 
methyl sulphate and alkali (Haworth, J.C.S. 
1915, 107, 8) into tetrainethyl methylglucosides. 
Taking cither the a- or /1-form as example, their 
hydrolysis gives tetrainethyl glucose, oxidation 
of- this substance- With bromine leads to tetra- 
mcthyl-8-gluconolactone and further oxidation 
with nitric acid to i-trimothoxy glutnric acid, 
which can be readily identified as its crystalline 
mcthylamide. The quantitative extent of the 
yields at each stage of this series of icactions 
shows that homogeneous substances are being 
dealt with. It cannot be too strongly empha- 
sised that in determinations of structure de- 
pendence must be placed only on the isolation 
of definite crystalline substances which can be 
compared directly with known compounds of 
indisputable constitution. 

1.A1HI.K y-Sf(IARS OF THE l'URANOSE SERIES. 

The labile y-glucosc itself has not yet been 
obtained crystalline, but Haworth and Porter 
(J.C.S. 1929, 279G) have obtained two ethyl- 
glucofuranosides. The proof of the y-glucose 
structure (Haworth, Hirst, and Miller, J.C.S. 
1927, 2130) lies in the scries of facts that 
y-glucosc gives rise to a tctramethylglucose, 
differing markedly from the crystalline variety, 
which yields a crystalline tetramcthyl-glucono- 
lactone, differing sharply from the previously 
known compound of the pyranose series but 
having properties closely resembling those of 
ordinary y-gluconolactonc. Oxidation with 
nitric acid converts this lactone to di-O-mcthyl 


which is obtained from the above-mentioned 
monocarbonate on removing the alkyl residue 
by hydrolysis with acids (Haworth and Porter, 
l.c.). 

Crystalline a- and )3-forms of pentabenzoyl- 
y-glucose have been isolated by Schlubach and 
Huntenberg (Ber. 1927, 60, [Bj, 1487). Their 
specific rotations (+58-6° and —52-6°) differ 
widely from those of the corresponding normal 
glucose derivatives (+107-6° and +23-7°) which 
agree fairly closely with those of a- and /3-glucoso 
(+110°; +17-5°). By analogy the rotations of 
a- and /3-glucofuranose may bo surmised, viz. 
the a-form will have a much lower positive value 
than a-glucopyranose, and the /3-form will have a 
higher kovorotatory value than /3-glucose. 


Septan oses. 

A 7-mem bered ring in the sugar series is 
obtained by reactions involving first the 
hydrolysis of 6-iodo-d-galactose mercaptal tetra- 
acetate with mercuric chloride and cadmium 
carbonate in the cold yielding the open chain 
6-iodo-tetra-ncety! aldeltydo galactose : 

CH 2 I-[CH-OAc] 4 -CHO 

At 40° the iodine is removed and the open 
chain hydrate formed. In pyridine solution 
non-reversible ring closure occurs and the cyclic 
sugar tetra-acetyl-d-galactoscptanose is formed : 


CHAc-CHAc-CH, 

I ^7 

CHAc-CHAc-CH (OH)' 


O 


A separable mixture of a- and /?-<i- galacto- 
septanose penta-acetates is obtained from this 
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on acetylation (Michecl and Suckful], Annalen, 
1933, 502, 83 ; 507. 138). 

The stability of the septanose ring is of the 
same order a3 that of the furanose ring (Michecl 
and Suckfull, Ber. 1933, 66, [BJ, 1937). 

Hydrolysis of either penta acetate with weak 
alkali yields pure galactopyranose. 


Glucose as an Aldehvde. 

Two methods are available for the preparation 
of open chain monosaccharides. They take 
advantage of the opening of the pyranose ring 
which occurs when the sugars are condensed 
with (a) ethyl mercaptan, (b) hydrorylannne. 

I’enta-methyl derivatives of glucose, mannose, 
and galactose were prepared by Levcnc and 
Meyer (J. Biol. Cbem. 1926, 69, 173) in aldehydic 
form by methylation of the corresponding 
diethyl mercaptal followed by hydrolysis of 
the mercaptal group. Better characterised are 
the crystalline acetates and benzoates. 

The ciystalhne 2-3 4 5 6 penta-acety (glucose 
(Wolfram, J. Amer Chem Soc 1929, 51, 2188) 
has a rotation nearly zero and gives a positive 
test with Sehiff’s reagent Penta-acetylgalactose 
(Wolfram, tin d 1930, 52, 2462) and tetra acetyl- 
1 arabinose (\\ olfrom and Newhn, tbul. 1930, 
52. 3619) have rotation values in chloroform of 
—25° and —63® respectively ; they have been 
synthesised from the dimethy lmercaptals of 
tbe sugars, Aldehydopentabenzoylglucose has 
likewise been prepared (Bngl and Muhlschlegel, 
Ber. 1930, 63, [B], 1551). 

A further aldehydoacetate is that of xylose, 
m p. 87°, [a] E —16° (Wolfram, J. Amer Cbem. 
Soc. 1931, 53, 4379). The aldehydoacetates 
have the following constants • 


Sugar M p (a) D 

d-glucose penta-aietate 1 16° —4 5° 

d galactose penta acetate 121° —23® 

f-arabinose tetra acetate 114® —65® 

d-xylose tetra acetate . . 87® —16® 


acetate, wLich is easily separable from the nitrile 
AVolfrom and others, J, Amer. them, hoc 
1033, 55, 3488 ; 1934, 56, 1794). Tie method 
aJjovrs of the synthesis of the open chain 
acetates of those disaccharides and ketoses 
the tluoacetates of which are not available. 

The extension of the classic open chain engar 
formula: introduced by Emil Fischer to cyclic 
sugar formula; involves an error in the con- 
figuration of the groupings at C s in the glucose 
formula (I). The act of ring closure from nn 
open chain to a cy die form causes the rotation 
of the linking between C s and C 8 through 12lf, 
tvJnch has the effect of bringing the H at C, on 
the opposite side of the carbon chain as is 
correctly expressed in formula II. Haworth 
now uses a perspective formula (III) which is 
even more satisfactory, and it is likely t6 enter 
mfo general use ; it shows the groups above 
an d below the plane of the ring. 


HC OH 
HO A H 


H C- 

I 


ch 2 oh 

I. 


HO CH, CH 


)H 




< 


OH 

HO \| 


\ OH 

\t 

H / 

J/ H 


An open chain structure is also assigned to 
the phenyl and other bydrazoncs of galactose 
(Wolfram and Chnstman, ibid. 1931, 53, 3413 , 
ef. also Frtrejacque, Compt rend 1925, 180, 
1210). 

Aldehyde I glucose tetra acetate ha3 been 
made by Wolfram and Ornno (J. Amer. Chem. 
Soc. 1934, 56, 985). 

A method developed for distinguishing 
between open chain and cyclic acetates consists 
in treating the acetate w ith ethyl mercaptan in 
the presence of zinc chloride ; the open chain 
compound 80 treated yields a mercaptal con- 
taining the same number of acetyl groups, 
whereas the cyclic compound gives a thiocthyl 
derivative with one acetate less (Wolfram and 
Thompson, ibid. 1934,56, 880, 1801 ; Bngl and 
others Ber. 1931, 64, [BJ, 2932 ; 1933, 66, [Bl. 
3S5) 

The acetylation of sugar oximes leads to a 
mixture of three products — thus from galactose 
oxime there results aldcbydogalaetose oxime 
hexacetatc and an isomende, also galactonitnle 
penta acetate. The first on treatment with 
nitrous acid gives aldehydogalactose penta- 


H OH 

III. 


A corresponding correction has to be made 
fof all the other sugars, and also for gluco- 
furanose (set Josephson, Ber. 1929, 62, [BJ, 317, 
1913), the respectiv e formula: for which arc : 


HO CH 

I 


HC OH 

Ah.-oh 


HC OH 
HC-OH 
HO CH 

HO CH. X | 

>CH CH 

hq/ 
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HOCH 2 

HOCH 



Formula VI illustrates the spatial proximity 
of the OH groups at C 3 and C„ and helps to 
account, for example, for the wandering of an 
acyl residuo which takes placo between C 3 and 
C f , in monoacetyl glucose derivatives. 

Interesting generalisations have been drawn 
by Hudson concerning the molecular rotations 
of a and /? forms of sugars. It is now generally 
accepted that the difference between the mole- 
cular rotations of the a and /? forms of muta- 
rotatory sugars is a constant. The compounds 
selected show considerable diversity of type 
and discordant results have from time to time 
been explained away by showing that the com- 
pound in question is derived from other than 
the a and /? forms of the sugar ( of . Hudson, 
,T. Amor. Chem. Soc. 1917, 39, 1013). The 
maximum values for the specific rotations are 
now arrived at by the indirect method based 
on solubility measurements (Lowry, J.C.S. 
1901, 85, 1051 ; Hudson, J. Amer. Chem. Soc. 
1901, 26, 1060). The asymmetric system 

attached to the a-carbon atom exerts a pre- 
ponderating influence on the activity of these 
compounds and determines the sign of the 
rotation. 

Hudson’s generalisation has enabled the 
optical rotatory power of carbohydrate deriva- 
tives to bo used as an important guide to their 
structure. 

Constitutional Formula of Glucose . — In addi- 
tion to those carbohydrates which occur 
naturally, a number of others havo been pre- 
pared artificially by Emil Fischer, and it is 
largely to his work that the present complete 
knowledge of the group is due. (Fischer’s 
original work has been republished, “ Unter- 
suchungen fiber Kohlenhydratc,” Berlin, 1909, 
J. Springer.) 

Glucoso and its isomerides, C 6 H 12 O g , con- 
veniently termed glucoses, havo 5 oxygen atoms 
present ns “ hydroxyl,” since they form esters 
such ns glucoso pcntacetato, 

C G H,0(0'C0'CH 3 ) 5 

The sixth oxygen is aldehydic in glucose and 
galactose, and kctonic in fructose and sorbose. 
The two classes of compounds are accordingly 
referred to ns aldoses and ketoses. Reduction 
converts the glucoses into alcohols, C 6 H 14 O e , 
glucose yielding sorbitol and mannitol, and 
gnlactoso forming duleitol. Secondary hexyl- 
iodide, a derivative of normal hexane, is 
formed by the action of hydrogen iodide ; hence 


the glucoses must possess all their six carbon 
atoms united in normal chain. 

Glucose on oxidation yields, in the first place, 
gluconic acid, C 5 H G (0H) s C0 2 H, which retains 
all six carbons and, like glucose, forms a 
pentacetyl ester. Further oxidation converts 
it into saccharic acid, C 8 H 10 O 8 . Galactose 
behaves similarly, yielding the isomeric galac- 
tonic and mucic acids. Taking further into 
consideration the reducing power of glucose, 
the constitutional formula may be -written : 

CH 2 (OH)CH(OH)CH(OH)CH(OH)CH(OH)CHO 

The work of Tanret (Compt. rend. 1895, 120, 
1060) has shown that glucose exists in more than 
one form. In addition to the hydrated and 
anhydrous modifications, he isolated two other 
anhydrous modifications. These differed par- 
ticularly in optical rotatory power. Tanret 
described an a-glucosc having [a] D +110° when 
first dissolved, and falling in aqueous solution ; 
a /1-glucose having [a] D +19°, and increasing 
in solution ; and a glucose having [a] D +52-5°, 
and remaining constant in solution. This 
modification was called y-glucose by Tanret. 
It had long been known that the optical rotatory 
power of freshly dissolved glucose diminished 
to about one-half its initial value in solution, 
and the term mularotalion or birolalion was 
applied to this phenomenon. 

Dubrunfaut ascribed the change to purely 
physical causes. Fischer considered that the 
aldehyde dextrose underwent hydration to an 
alcohol, C g H 14 0,, of lower rotatory power. In 
view of Tanret’s discoveries, it is now considered 
that the change in rotatory power is due to the 
mutual interconversion of the a- and /3-glucoso 
until equilibrium is attained. Tanret’s y-glucose 
represents such' an equilibrium mixture. 

To understand fully the relation of a- to /?- 
glucose, it is necessary to refer to the van’t 
Hoff-Le Bel conception of space isomerism. 
Chemical compounds which rotate the plane of 
polarised light contain an asymmetric carbon 
atom, that is, one in which the four affinities are 
satisfied by four different radicals. Such a 
carbon atom is considered as lying in the centre 
of a tetrahedron, and each of the four different 
radicals with which it is combined as being at 
the four Bolid angles thereof. Two modifications 
of the compound are possible, and these are 
related to one another as an object and its 
reflected image. 

The compound represented by the formula 

CHj(OH)CH(OH)CH(OH)CH(OH)CH(OH)CHO 

contains four asymmetric carbon atoms 
(marked *), and should, therefore, be capable 
of existing in 16 stereoisomeric forms, 8 of 
which would be mirror images of the other 
8, and of equal but opposite rotatory power. 

The carbohydrate group has afforded a unique 
opportunity of testing this hypothesis, and 
although only three of the isomerides occur 
naturally, all 16 have been prepared artificially 
by Fischer and others, by such methods that 
tho structure of each is established. 

The known aldohexoses are the dcxlro- and 
Ixvo- isomerides of mannose, glucose, idose. 
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gulose, galactose, talose, allose, and altrose. It ! 
■will suffice to give the constitutional formula 
as established by Fischer of the naturally 
occurring members : 

CHO 


CHO 

1 

HOCH 


HC OH 
HOCH 
HC OH 
HC*OH 

CH,-OH 

Glucose 


CHO 

I 

HC-OH 

I 

HOCH 

I 

HO CH 

I 

HC OH 

I 

CH, OH 


I 

HC-OH 

I 

HC-OH 

I 

CHj-OH 

Mannose. 

Mannose and galactose, like glucose, exist 
in a- and f}- forms, and it ia more correct to 
writo their formula; in the form adopted for «■ 
and /1-glucose. 

As is to be expected, the isomeric glucoses 
differ but little in their chemical behaviour. 

Ketose Sugars. 

Only a few are of importance . 

Fructose. — Increasing interest attaches to 
fructose as one of the constituents of cane sugar 
in which, as In all other polysaccharides con 
taming fructose, it is present in the labile or 
v form, sometimes termed by Schlubach the 
A-form. Crystalline fructose as isolated in 
the laboratory is fructopyranoso (I) (Avery, 
Haworth, and Hirst, J.C S. 1927, 2308), 


H,COK 


CK 

OH 


librated mixture [a] D —92 5®. Heat is absorbed 
during the change. 

As a commercial sugar fructose offers great 
possibilities because of its sweetness. When 
the chemical engineering problems invohed in 
its isolation on a large scale are solved, it may 
well become an important commercial product 

Desiccated tubers of the Jerusalem artichoke 
are being used for its manufacture to the extent 
of 50 lb. per day at one experimental plant. 
The sugar is isolated as the insoluble compound 
it forms with lime. 

Inulin is easily hydrolysed under pressure 
(Arsem, U.S.P. 17G3080) by water containing 
CO* or SOj. 

Anhydrides of fructose are contained in 
sinistnn, the carbohydrate from the bulbs of 
SciUa Slaniima (Schlubach and Florshcim, Ber. 
1929, 62, 1491), viz. ill- and tctra-fructose 
anhydrides, whilst rye flour contains 1% of a 
trifructose anhydride (Tillmans, Hull and 
Janwala, Z. Unters Lebensm. 1928, 56, 26). 

SOTbose (sorbinose), C s H I2 0 8 . is the lret>>- 
hevose obtained from the juice of the mountain 
ash berries, which has been exposed to the sir 
and allowed to ferment. The juice contains 
aorbitol ; this is oxidised by bacterium xyhnum 
to sorbose. 

Sorbose forms rhombic crystals of a *«cct 
taste, m.p 154° ; it reduces Fehling’a solution, 
and generally behaves as Imvulose, but velds 
sorbitol on reduction. It is not fermentable by 
yeasts. It is l*vo rotatory, having [a] D -42° 

Sorbose phenylosazone is similar to the 
glucose compound, but has m p. 164°, 

The properties arc in agreement with the 
structural formula : 


CH, 


CH OH CH-OH 


HOCH, C OH CHCH,OH 
(^H(OH)-CH-OH 
II. 

but there is a growing doubt as to whether the 
labile y-forra is fructofuranosc (II), and there is 
a considerable support for the keto formula — 


I I 


H 

CH,(OH)-C • 

Ah oh 


C CO-CH, OH 


For example, as Hudson has pointed out, 
forbose and other ketoses exist in one form only 
and do not exhibit routarotation. Moreover, 
there is no tendency for the acetates of fructose 
to isonierise. The mutarotation of fructose 
may, therefore, be due to the simple opening 
of the ring. 

Ordinary' fructose is the p form [a] 0 —132 3°, 
which nmtarotates very rapidly into the equi- 


HO H Ol 

! I 1 

CH,(OH) CO C • C • C 
H OH H 


CH, OH 


The first example of a diketoso has been pre- 
pared by Micheel and Horn ( tninlen, 1914, 
515, 1) starting from di lotto dimethylene 
mannitol. It reduces Folding's solution m the 
cold, forms crystalline phenydby’drazonfs and 
osazoncs, and is remarkable in being fermrnted 
by yeaBt. The natural ketoheptoses are d 
raannoketoheptoso present in the Avocado pcxr : 
perseulose, which is l galaheptose; andsedohep- 
tose obtained from Sedum spcctabrfe. 

Pentoses, C s H 10 O s . 

These are widely distributed in plants, where 
they are present in the skeletal structure, and 
do not, like the hexoses, ser^c as food product* 
Pentoses also appear to be a constituent of 
many of the tissues of the animal body, and *ro 
sometimes found in unne. Both the natural 
pentoses, / arabinose and l xylose, belong to the 
IseiO- senes. Glucose, when degraded by the 
methods of Ruff or W’ohl, gives rise to the 
isomeric d arabinose. However, the natural 
pentoses are iloscly related to the natural 
hexoses. For example, the space arrangement 
of the groups attached to the upper four carbon 
atoms is the same in d glucose as it isfn l sy lore : 
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CHO 

HC-OH 

HOCH 

HC-OH. 


CHO 

I 

HC-OH 

I 

HOCH 

I 

HC-OH 


CH,-OH HC-OH 


/-Xylose. 


CHvOH 

d-Glucose. 


CHO 

I 

HOCH 

I 

HC-OH 

HC-OH 

CH 2 -OH 

(J-Arabinose. 


A similar relationship exists between galac- 
tose and arabinose, which occur together in 
many gums, whilst some polysaccharides yield 
both xylose and glucose on hydrolysis. The 
pentoses do not occur as such in plants, but in 
the form of condensation products of high 
molecular weight, termed “ pentosans ” (araban 
or xylan). These are comparable with the 
hexose condensation products, starch and 
cellulose ; as a rule, the pentosans contain both 
pentose and hexose carbohydrates. 

The mechanism of the formation of pentoses 
in the plant is not yet clear. Some authorities 
consider the}’ are derived by oxidation from the 
hexoses ; others advocate the view that they are 
directly formed in the cell, like the hexoses, but 
independently of these. Such a transformation 
as that from glucose to 1-xylose has not been 
effected in the laboratory : the chemical degrada- 
tion of glucose by oxidation leads to ei -arabinose. 
The pentoses show all the general chemical 
properties of the hexoses. Biochemically they 
arc different, being not fermentable by yeasts, 
whilst their glueosidic derivatives (e.g. the 
methyl arabinosidcs and xylosides) are not 
hydrolysed by any of the better-known plant 
enzymes. They are attacked by a number of 
bacteria. Characteristic of the pentoses is the 
formation of furfurol on distillation with hydro 
chloric acid. They therefore show colour re 
uctions with oreinol and phloroglucinol. It is 
now considered that pentoses are not primary 
products of photosynthesis but derived from 
the hexoses via glucuronic acid which is formed 
ns the result of oxidation of the — CHyOH 
group of glycosides. Glucuronic acid in sun 
light, for example, splits off carbon dioxide to 
yield xylose. 

d-Ribose, the pentose of the nucleosides of 
plants and animals, is to-day in the forefront 
of interest. It was first isolated by Levene and 
Jacobs, and its structure has been proved by 
synthesis. It is the pentose corresponding to 
d-allose and (/ alt rose. 

A furanose structure has been allotted to the 
ribose residues in the nucleosides (Bredcreck, 
Ber. 1933, 66, [B], 198). 

The nucleotides consist of phosphoric acid 
und a purine base united by ribose. For 
example, according to Gullaml and Holiday 
(-I.C.8. 1936, 763) adenylic acid is adenine-9 
riboside-o-phosphoric acid. 

Ribose is aho a component of laetoilavin, 
which is vitamin B 2 being united to the complex 
nitrogenous compound lumifluvin (see Karrer 
and others, Ber. 1933, 68, IB], 216). 


The Methyl Pentoses. — Most of the queries 
in this group have been cleared up as the result 
of the work of Votofek and his pupils (Bull. 
Soc. chim. 1928, [iv], 43, 1) and of Ereudenberg 
and Raschig (Ber. 1928, 61, [B], 1750; 1929, 62, 
[B], 373). The former has proposed a systematic 
nomenclature by suffixing the term “ methylose ” 
to the name of the corresponding hexose. Thus 
Z-rhamnose is Z-manno-methylose. The names 
rhamnose and fucose are retained, also epirham- 
e and epifucose. The name rhodeose, 
which is d- fucose, is abandoned. Chinovose 
(quinovose), the sugar component of a- and 
^-ehinovin, has been shown to be cZ-epirhamnose 
(Freudenberg and Raschig, Z.c. Votocek and 
Rac, Coll. Czech. Chem. Comm. 1929, 4, 239). 

Ten methylpentoses have in all been obtained 
synthetically, four of them occur in plants. 

The four natural methylpentoses are : 


CHO 

CHO 

1 

CHO 

( 

CHO 

j 

HC-OH 

HC-OH HO CH 

1 1 

j 

HC-OH 

| 

HC-OH 

I 

HO-CH 

HC-OH 

| 

HO-CH 

HOCH 

| 

HOCH 

j 

HC-OH 

| 

HC-OH 

j 

HOCH 

i 

j 

HC-OH 

t 

HO-CH 

| 

| 

HC-OH 

1 

ch 3 

ch 3 

1 

CH 3 

1 

CHg 

/-( + ) rliamnose </-( + ) fucose /-(— ) fucose 
= /-manno- = rf-ga!aeto =i-galacto 

methylose. methylose. methylose. 

d-( + ) epi- 
rham- 
nose. 


The signs in brackets indicate the direction of 
the rotation. 

The method of origin of the methylpentoses 
in plants is still obscure. Z-Rhamnose, which is 
perhaps the commonest, has the same configura- 
tion as Z-mannose, and hence cannot be derived 
from rf- glucose or (Z-mannose by a simple process 
of reduction. Ereudenberg and Raschig (Ber. 
1929, 62, [B], 373) suggest the natural hexitols 
as a possible source, and they derive (7-epirham- 
nose from sorbitol, d~ and Z-fucose from dulcitol. 
But Z-rharanose cannot be derived in this way 
from Z-mannitol. 

The synthetic methylpentoses are : 

(Z-(— ) mannomethylose or (Z-rhamnose. 

d -(— ) gulomethylose. 

d-{+) talomethylose or (7-epifucose. 

Z-(— ) altromethylose. 

Z-(— ) glucometbylose or 7-epirhamnosc. 

7-( — ) talomethylose or Z-epifucose. 

The (-f) or ( — ) sign is used to indicate the 
direction of the rotation. 

Each pair of methyloscs give a common 
phenylosazone ; these have been isolated and 
characterised : 


l’air. 

rf-allo and altro . 
d-gluco and manno 
(7-gulo and ido . 
rf-galacto and talo 


f“] u - 

— 73 c 
-77° 
left 
+ 70° 


111 .]!. 

185° 

191 ° 

140° 

178” 


The methylpentoses are not fermented by- 
yeasts ; their biological significance is not vet 
understood. 
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The accepted rotation values for the muta- 
rotaton* sugars are given in the table. A fuller 
table with references to the literature will be 
found in Vogel and Georg {“ Tnbellen der 
Zucker und ihre Denvate,” Berlin, 1936). 


Gluco'c 
Galactose 
Mannose 
Fructose 
Sorbose . 
Xylose 
l Arabino«e 
l P.hamnose 
l Fucose 
Lactose 
Maltose 
Cellobiose . 


42 9° 


522° 

|-14° 

1-133° 


19° 


105° 
101 ° 
-75 3° 
55 3° 
136° 


35° 


-93° 

35° 

lib 3 


SVYEETXESS AND BlTTKP.NF.SS OF THE SUCARS. 
The relative sweetness of the various sugars 


has been determined bj Biestcr, Wood, and 
Wahlm (Amer. J. Physiol. 1925, 73, 387) 
basis of «ucrose=100. 


. 100 


Sucrose . 
Fructose . 

Invert sugar 130 
Glucose 74 

X> lose . 40 


Maltose . 
Rhamnosc 
Galactose 
Raffinose 
Lactose . 


325 
32 0 


16 


They find that invert sugar=130 when prepared 
by bjdrolyeis and =127 4 when made by the 
use of invert ase 

A number of sugar derivatives of solubility 
varying from 4% to 0 00125%, and of different 
bitterness to taste compared with glucose penta- 
acetate as a standard, have been investigated 
stafagmometncally by BrigI and Scheycr (Z. 
physiol. Chcm. 1926, 160, 214). There is no 
direct relationship between surface activity and 
degree of bitterness ; the greatest bitterness is 
possessed by sucrose octa acetate, 34x10“* g. 
being detectable by taste. All the derivatives 
of ^-glucose are more bitter than those of 
a-glucose. a-Mannose tastes sweet, /5-mannose 
has a bitter after-taste (Hudson and Sawyer, 
J. Amer. Chem. Soc. 1917, 39, 474) 


They are more reactive than the simple 
sugars, the glycoside being readily formed and 
rapidlj’ decomposed. They have been proved 
to have a pvrano'e structure (Bergmann and 
Breuers, Anmlcn, 1929, 470, 3S ; ],c\cne and 
Mikeska, J. Biol Chcm. 1930, 68, 791). 

They are readily com erted by the action of 
mineral acids into lev uhnic acid (Lcvene and 
Mon, J. Biol. Chem. 1929, 83, 803). 

There are only 2 deovy pentoses possible, 
uz/ 2 deovy-nbose and xylose and tlieir anti- 
podes. The d form of the former, sometimes 
called thyminosc, prepared by Levenc (J. Biol 
Chem. 2929, 85, 7S5), has m.p. 78°C. f m 
water +50°, the pheny lhy drazone has up. 
12S°-130°C., [a] D -17-5°. 

The synthetic d-xylodcosc has m.p. 92“C, 
Mo —2°, the phenylhj drazone has mp. U6°~ 
118 C C., [a] D +13 5°. 




2 deoxy l nbose (abo called f-deovyarabinose) 
is obtamed from l arabinal (Meisenbeimer and 
Jung, Ber. 1929, 60, 1462). 

There remain for mention certain other sugars 
which are described in detail ebewhere. Apiott, 
the sugar of the flavone glycoside apnn found 
in parsley, has a branched chain of carbon 
atoms. 


(CH* OH)jC(OH)CH(OH)CHO 
Hamamtlost, found in a tannin, attached to 2 
mob. of gallic acid has the structure 

CHj(OH)CH(OH)CH(OH)C(OH)<^J|^^ H 


Tiie Deoxy Sugars, 

Considerable interest attaches to the reduced 
or 2-deoxy sugars, since they have been identified 
as natural products. d-Ribodesose occurs in 
nucleic acids. Digitosose is the sugar of the 
digitalis glycoside digitoxin (Kihani, Ber. 1905, 
38, 4010). All are unstable and their crystab on 
standing become a coloured tar. A characteristic , 
test devised by Kihani (Arch. Pharm. 1913, 251, 
567) is that when dissolved in glacial acetic acid 
to which sulphuric acid containing ferrous ions 
is gradually added, a blue or purplish. blue colour 
is developed. They do not form osazones. 

Synthetically they are prepared from glucal 
by treatment with cold dilute sulphuric acid 
(Bergmann, Scbotte, and Lcchinsky, Ber. 1922. 
55, [B], 188). 


Digit arose is a reduced or deoxy mctbyJpentose 
Cymarose present in Canadian hemp is regarded 
as its methyl ether and is isomeric with sarmpn- 
tose, a constituent of Slrophanthuss armntosus 
Digilalose is regarded as a methoxy methjl 
pentose. 


The 

COXFIOFRATZON OF 

a • and p Glucose. 

The 

respective space 

formula; 

of o- and 

/J glucose, viz. 



H- 

-C— OH i 

HO-C 


H- 

-C— OH 

H — 

OH 

HO' 

-C— H O 

HO— C 

-H 0 


t and 


—OH ] 

! 

H— C— OH ' 

1 1 

H-C 

1 

CH t OH 

H t OH 
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have been established in a number of different 
ways in particular by BOeseken (Ber. 1913, 46, 
2012 ; Rec. trav. cliim. 1921, 40, 553) whose 
choice is based on the fact that the conductivity 
of boric acid in presence of a a-glucose decreases 
during mutarotation, showing that the sugar 
possesses two adjacent hydroxyl groups on the 
same side of the carbon chain, and again more 
recently by Riiber (Norske Videns, Selskabs, 
1931, 4, 157), who finds that the molecular 
refractivity for D-liglit of a-glucose is 62-68, 
and of /3-glucose is 63-07. This is in agreement 
with the general rule that a compound containing 
two neighbouring groups in the trans- position 
has a higher molecular refractivity than the 
corresponding c is- form. 

Another physical proof of the structure is 
the observation of Michaelis (Ber. 1913, 46, 
3683) that the /S-methylglucoside has a higher 
dissociation constant than a-glucose, the 
separation of the OH and OCH a groups being 
accompanied by an increase in acidity. 

Considered from the more purely chemical 
side the formulas chosen are in harmony with 
the easy preparation of a-glucosan with an 
ethylene oxide structure from a-glucose indi- 
cating the presence of cts-hydroxyl groups and 
of /3-glucosan from /3-glucose. The structure of 
both these glucosans has been proved in quite 
another manner. 

Glucose in Solution. 

The question as to the number of isomeric 
forms of glucose which may be present in an 
ordinary aqueous solution is an open one. 
It is generally postulated that the a- and 
/3-pyranoso, the a- and /3-furanose, and the 
aldehydic form can all be present, to which must 
now be added perhaps the septanoso form. 
The aldehyde is the intermediate form from 
which they are all derived and through which 
they can all bo converted into one another { cf . 
Lowry, Z. physikal. Chem. 1927, 130, 125). 

Interconversion of a - and /3-Glucose 
Derivatives. 

It is characteristic of the sugars that thej r are 
prone to undergo interchange of the groups 
on an asymmetric carbon. This particularly 
applies to the groups attached to carbon 1 in 
gluoo-pyranosc, and to a less extent to those 
attached to carbon 2. This latter change is 
exemplified by tho conversion of glucose into 
mannoso in presence of alkali and of gluconic 
acid into mannonic acid on heating with pyri- 
dine ; the reaction is often spoken of as epi- 
mcristn. A rearrangement on the other carbon 
atoms is unusual. 

Tho methods for the interconversion of a- and 
/3-glucose derivatives are of interest. That of 
the hcxosidcs is possible by digestion with 
mcthylalcoholic hydrogen chloride. /3-Forms 
Z' rc . converted readily into a-forms in non- 
ionising solvents containing stannic chloride 
(Pacsu. Ber. 1928, 61. [B], 137, 1508). Tetra- 
acetyI-/?-methyIglucoside is smoothly converted 
into the a-varioly in presence of titanium tetra- 
chloride, but under similar conditions /3-glucose 
pcnta-acetate is transformed into a-chlorotetra- 
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acetylglucose. The conversion of the a-chloro- 
tetra-acetylglucose to the /3-compound only 
requires 8-10 minutes in the presence of an active 
form of silver chloride (Schlubach, Stadler, and 
Wolf, Ber. 1928, 61, [B], 287). 

The possibility of a change from a to /? must 
always be borne in mind when effecting any 
reaction in this group. Indeed, as is witnessed 
by the very extensive literature on the subject, 
it more often happens than not. 

As a rule, substituting groups on any par- 
ticular carbon are stable, but some interest has 
been attracted by the wandering of acyl groupB 
linked with polyhydrio alcohol residues, which 
was first observed by Emil Fischer (Ber. 1920, 
53, [B], 1624), who suggested the intermediate 
formation of an orthocarbonic ester group : 

CHyOAc CHyOAc CHyOAc 


CH-OAc -> CH-O 

1 ! 

CH 2 -OH CH 2 -0 


\ c / 

/ C \ 


CH, -> CH-OH 

I 

OH CHj-OAc 


This explanation applies both to the simple 
migration from carbon 3 to carbon 6, and also 
from carbon 1 to carbon 6 in tho conversion of 
1 :2:3:4-tetra-acetyl /3-glucose into the 2:3:4:6- 
tetra-acetyl derivative (see, Joseph son, Bor. 1929, 
62, [B], 317, 913 ; Oldham, J.C.S. 1925, 127, 
2840 ; Fischer and Delbriick, Ber. 1909, 42, [B], 
2778; Helferich and Klein, Annalen, 1927, 455, 
173 ; Helferich, Ber. 1930, 63, [B], 2142). 

A similar explanation probably applies to 
tho formation of anomalous so-called third 
forms of triacetylmethylrhamnoside, tetra- 
acetylmethylmannoside, and hepta-acetylchloro- 
maltose, for which at one time a novel form of 
stereoisomerism was assumed. The resistance 
to hydrolysis of one of the acetyl groups is 
attributed to its participation in the complex 


— O 
— O 


\ C / 

/ C \ 


ch 3 

OCH 


3 


(see Chem. Soc. Annual Reports, 1930, 104, for 
a fuller discussion and references). 


Compounds of the Sugars with Ketones and 
Aldehydes. 

The acetone compounds of the sugars are of 
particular value since they are used as the 
starting point for the preparation of partly 
substituted derivatives — acetates, benzoates, 
methyl ethers — which in turn are required for 
syntheses of various kinds. The condensation 
of acetone with monosaccharides usually 
involves c/s-hydroxyl groups at contiguous 
carbon atoms ; a transformation of the 
pyranose to the furnnose form takes place when 
such a transformation makes two cis-hydroxyl 
groups available. In exceptional instances the 
hydroxyl groups at carbon 4 and carbon 6 are 
brought into such spatial proximity as to be 
equivalent to a pair of cis-hydroxyl groups (see 
Haworth and others, J.C.S. ‘1935, 1012 ; 1926, 
61 l j also Ohle and Vargha, Ber. 1929, 62, [BJ, 
2425 ; Reiclwtein and Griissncr, Helv. Cliim 
Acta, 1934, 17. 311). 
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With aldehydes — t g. benzaldehyde — the sub- 
stituted methylene ether most readily formed is 
that with a six membered nng, eg. 4:6 mono- 
benzylidene glu copy ra nose (Zervas, Ber. 1931, 
64, [B], 2289). 

Acetaldehyde more nearly resembles benzal- 
dehjde than it does acetone in condensing with 
the sugars. The acetone derivatives are formed 
when the finely divided sugar is shaken in 
acetone suspension in the presence of a small 
amount of hydrogen chloride, zinc chloride, or 
anhydrous copper sulphate. Many of them are 
crystalline. They are stable to alkali but un- 
stable in the presence of dilute acid. Glucose 
forms a well defined diacetone compound (I) 


with a free hydroxyl at carbon 3. It is con- 
verted into a 3 monomethylglucopyranose though 
itself it has a furanose structure. The mono 
acetone obtained on hydrolysis can be 
converted into a 3:5.6-tnmethylglucofuranose 
(for references and a fuller account see “The 
Sugars,” by Haworth, London, 1929). 

Normal fructose forms two crystalline dia« 
tones. The one (II) is a fructosepyranose, and 
so is the 3 monomethyl den vat ire obtained from 
it. The other (III) lias the terminal position 
carbon 1 exposed and is also a pyranose. Gal. 
actosc gives rise to a diacetone (IV), which u 
also a pyranose. Its 6-iodohydrm is reduced to 
fucose diacetone. 


y»Glacose 



I. 


Acetone Compounds op : 

Normal fructose 


CH, O 

I 


)cMe, 


CH.OH 

I 


<w 


HC Ov 

H io> C 

<1h,_ 


The crystalline diacetone of mannose (V) I 
displays mutarotation ; it is a furanose com- 
pound. A 6-atoni ring is also present in I 
xylose diacetone (V’l), but here the atoms at 
alternate carbons are involved in the union with 
acetone. Owing to the configuration of xylose, i 


which is brought out by writing the formula 
with carbon 5 ns a side chain (VII), the third 
and the fifth hydroxyl groups are brought into 
such spatial proximity that the distance is equal 
to that between cis hydroxyl groups on neigh- 
bouring carbon atoms. 


Acetone Compounds of : 


Me t Cc^ 


O CH 
O CH 

I 

HC 

I 

CH.OH 
(Normal) IV. 
Nj loae. 


CH O. 

[ pCMe, 




HC- 

Ih 


Me,C<^ HC 


O CH, 
VI. 




CH-OH 

I 

yO-CH 


HC ' 

I 

HC O. 

I >CMe, 
CH 2 O x 

V. (y-form) 


HC 

I 


n O CH t -CH — 
VII. 


)CMej 
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It is clear from these results that acetone 
residues condense with appropriately situated 
hydroxyl groups in a sugar regardless of any 
preformed ring system in that sugar. The 
sugar ring adjusts itself to the position left open 
after the acetone residues are attached ; for 
example, a shift of the position of the ring takes 
place in glucose, mannose, and xylose. This 
conception of the shift of the ring is important ; 
it may equally well happen with other reagents 
besides acetone. 

These acetone compounds are of utility in 
synthetic operations in that they mask certain 
groups during such reactions as methylation or 
acetylation, which groups are rendered subse- 
quently available on removal of the fsopro- 
pylidene residue. 

Glucose, galactose, and the glucosides all 
combine with triphenylmethylchloride, forming 
triphenylmethyl ethers attached to carbon 6. 
These ethers are hydrolysed by alkali hydroxide 
as well as by hydrochloric acid, so that they 
afford a means of obtaining glucose derivatives 
with a free hydroxyl group on carbon 6, and 
from this a 6-monomethylglucose (Helferich and 
Becker, Annalen, 1924, 440, 1 ; Helferich, Moog, 
and Jiinger, Ber. 1925, 58, [B], 872). 

Triphenylmethyl-a-d-glucose (+2EtOH) has 
m.p. 57°-58°, [a] D +59-6°, falling to +38° in 
pyridine. 

Triphenylmethyl-d-galactose (+EtOH) has 
m.p. 73°-75°, [a] D +0-58°, rising to +2-24° in 
pyridine. 

The hydroxyl on carbon 6 of glucose displays 
a number of special reactions, in particular com- 
bination with p-toluenesulphonyl residues. The 
alkaline hydrolysis of such an ester leads, when 
a second hydroxyl group is available, to the 
formation of an anhydro ring which may then 
bo ruptured by further and more drastic treat- 
ment with alkali. Both reactions — the for- 
mation of the anhydro-ring and its rupture by 
alkali — are usually accompanied by a Walden 
inversion ( sec Ohle and others, Ber. 1928, 61, [B], 
1211 ; 1933, 66, [B], 525 ; 1935, 68, [B], 601 ; 
also Robertson and Griffith, J.C.S. 1935, 1193 ; 
Oldham and Robertson, ibid. 1935, 685, likewise 
summary in Chem. Soc. Annual Reports, 1935, 
280). 

It is not yet possible to say whether anhydro- 
ring formation is a necessary concomitant of 
Walden inversion or whether simple hydrolysis 
of the toluenesulphonyl group is sufficient to 
induce inversion. Walden inversion in the sugar 
series has also been produced by means of 
aluminium chloride (Chem. Soc. Annual Reports, 
1926, 90). 

Sugar Carbonates . — Haworth and Porter 
(J.C.S. 1930, 151) have prepared crystalline 
dicarbonates of the sugars containing two 
residues of the typo 

I 

CH-O. 

I >CO 

CH-CK 


which resemble closely the diacetone deriva- 
tives, but arc not bo readily hydrolysed by 


dilute acids ; they are assigned similar structural 
formula; : 

M.p. [a) D In acetone. 

Glucose dicarbonate . 224° —29° 

Galactose . . . .212° -86-5° 

Mannose . . . . 122°. +26° 

Fructose .... 173° -143° 

Arabinose .... 200° +61° 

The carbethoxy derivatives (Zemplen and 
Laszlo, Ber. 1915, 48, 921) are of the same typo 
as the penta-acetyl compounds, each — OH 
being substituted by — 0'C0-0C 2 H 5 . 


The Methylo-Glucoses. 

These are true ethers of the sugars in which 
— OCH 3 is substituted for OH and differ from 
the methylpentoses in which CH 3 replaces one 
— C H„-0 H grouping. Following a suggestion of 
Votofek they are more correctly termed 
methyloglucoses instead of the customary 
methylglucose. They have become of the 
greatest importance as affording a means of 
determining the constitutional formulae of the 
di- and poly-saccharides particularly, as it has 
been generally considered that no stereo- 
chemical changes took place during methylation. 
It is true Hudson has not accepted this con- 
clusion, but his arguments have in the main 
been countered by Haworth. The latest work 
does, however, indicate that in certain cases, 
particularly with furanose derivatives, a change 
of ring structure is not excluded, so that con- 
clusions based on methylation must not be 
accepted without caution. 

Two methods are available, exhaustive treat- 
ment with methyl iodide and silver oxide (Purdie 
and Irvine, J.C.S. 1903, 83, 1021 ; 1904, 85, 
1049), or with methyl sulphate in sodium 
hydroxide solution (Haworth, J.C.S. 1915, 
107, 8). The former treatment is applied to the 
methylglucosides or to other derivatives in which 
the aldehyde group is protected from the oxidis- 
ing action of the silver oxide. Many of the 
methyloglucoses are crystalline or form crystal- 
line methylglucosides, others are only known as 
syrups j they are purified by fractional distilla- 
tion at low pressures. Only the glucosidic 
— °CH 3 is removed by acid hydrolysis, the 
remaining four methoxyl groups being stable 
towards acid. 

2:3:4:6 -Telramdhyloglucose is obtained on 
complete methylation of a- or /3-methylglucoside 
and hydrolysis of the isomeric pentamethvl- 
glucose into which it is converted on etherifi- 
cation by Fischer’s method, Tetramethylo- 
glucose is not fermentable. 

The isomeric 2:3:5:§-telramelhyloglucose is 
obtained in the form of a syrup on methylating 
y-methylglucoside or glucosemonoacetonc and 
subsequent hydrolysis (Irvine, Fyfe, and Hogg, 
J.C.S. 1915, 107, 524 ; Micheel and Hess, Annalen, 
1926, 450, 21) ; the methylated derivative 
of the isomeric aldehydo-form, namely, 
2-.2:4::5:6-pentamethyU)glucose, being prepared 
by exhaustive methylation of diethylmercapto- 
glucose (Levene and Meyer, J. Biol. Chem. 
1926,69, 175). 
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The moat interesting of all the methylo- 1 
glucoses is the crystalline 2:3:6 Inmelkylo- 
dtritalnt 


saccharide or disaccharide indicates the presence 
of a glucose-4.glucoside rather than of a glucose. 
6 glucoside. This ambiguity has a bearing on 
the constitution of the disaccharides, 

A second reference compound of importance 
is 2.3: i-trimethyloglucose 1:5: 


This was first isolated from methylated cellulose 
and subsequently from other methylated poly- 
saccharides, t g glycogen, starch, cellobiose, 
maltose, and lactose (Denham and Woodhousc, 
J.C.S. 1914, 105, 235 7 ; 1917, 111, 244), and has 
been fully studied by Irvine and Hirst (J.C.S. 
1923,123,518). 

It is important, as pointed out by Irvine and 
Black (J C S. 1926, 862), that it can also exist 
in an unstable furanoid form 

CH,{OM t JCH(OM)CH CH(OMe)CH(OMe)CH OH 


CH 2 (OH)CH [CH(OMe)]j CH OH 

! o J 

which is obtained on hydrolysis of fully metby. 
lated gentiobiose, melibiose, raffinose, and 
figlucosan, and indicates that the attachment 
in these compounds of the two sugar residues ia 
through group 6. Thi3 compound is only known 
as a eyrup, but its crystalline methyl glucosida 
is used for its identification. 

An isomeric 3:5.6-tnmethyIoglucose-l:4 is 
known . 


which has only a transient existence until it 
passes into the stable form. The 6table form 
has been obtained by Irvine and McGlynn (J 
Amcr. Chem. Soc. 1932, 54, 356) from both 
trimethyl y. methyl and -a-methyl glucosides on 
hydrolysis, and, as is emphasised by them, thta 
fact makes it impossible to say with certainty 
that its production from a methylated poly- 


CH,(OMe)CH(OM*)CH CH(OMe)CH(OH)CH OH 
! O— — 1 

obtained from glucose monoacetone. 

The di- and mono-methyloglucoses are of 
less interest — they are included in the following 
table of physical properties ; many of them 
exhibit mutarotation. 


Methyloethkbs of Oitcose, 


2- methyloglucose . . 

3- methyloglucose . 

4- methyloglucose . 

5 methyloglucose . . 

G-methy loglucose 
2.3-dimetbyloglucose (a) . 

03) . 

2:3:4 irimethylogJucose 1 :5 
2.3: 6-t rimethyloglucose 1 5 
3:6:6 tnmethyloglucose 1 4 
2:3:4 :6-tetramethjloglucosc (a) I 5 
(f)15 

2:3.5 6 tetramethyloglucosc 1.1. 

2:3: 1 iC-tetramethy lo a-methy krlucoside 
2. 3. 4:6 tetramethy lo-fl methylglucosufc 
2:3:5.C tetrnmethylo a-methylgluconde 
2:3 5:6 tetramethylo-fi mcthylglucoside 
2:3:4. 5. 6 pentamethyJogloeoso . 


Melting-point 

notation 

Initial 

Final 

156“-157° 

+132° 

— 

160° 

+ 107° 

68° 

Syrup 

— 

52° 

Syrup 

+80° 

60° 

143° 

+ 101° 

66° 

85° 

+82° 

48“ 

108° 

+6° 

49“ 

Syrup 

+70° 

— 

122° 

+69° 

— 

Syrup 

— 

— 

103° 

1-114’ 

85” 

50° 

+73° 

85* 

Syrup 

-27° 

— 

148°-150'’ 

4-151° 

— 

•10°-4I“ 

-17° 

— 

Syrup 

+ 104° 

— 


-64“ 

— 


—35° 

— 


The authorities are doubtful as to the struc 
ture of the innous inonomethyl derivatives. 
A summary of the pertinent literature is given 
in Chem. Soc. Annual Report, 1934, 165. 

Hydrazones.— The hydrazones still continue 
to be the most useful means of characteristing a 
sugar. A complete list of them is given by 
Vogel and Georg in “Tabcllcn der Zucker und 
ihrer Dcnvnte," Berlin, 1931. 

According to VotoCek and Vaientm (Arh. 
Hemiju, 1931, 5, 155 ; 1931, A, 1274) the sugar 
of which a given hydrazono is a derivative can 
be identified by distilling with 12% HCt. The 
production of furfuraldehj de indicates a pen 
tosc, and of methyi-fcirfuraldebyde a methyl- ; 
pentose, whilst neither aldehyde is evolved by 
bexo«es. 


| Reaction with Phenylhydrazine — ' The 
behaviour of the carbohydrates with phenyl 
hydrazine is particularly characteristic, and it 
has further an historical interest, as phenyl* 
hydrazine, in the hands of Fischer, se rred s’ 
one of the chief aids in the elucidation of the 
relationships of members of the group. 

Glucose reacts with tho reagent in acetic acid 
solution in two stages. In the cold a phenyl* 
hydrazone a formed : 

c 8 h I2 o.+c,h s nh nh, 

=C s H,jO s CH:N NH C 4 H 4 +H,0 
This is a colourless substance, soluble in 
water, and is obtained in two modification’, 
one or the other predominating according to th* 
method of preparation. Similar compound’. 
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with asymmetrically disubstituted hydrazines — 
for example, benzylphenylhydrazine — are often 
less soluble and more characteristic. Mannose is 
remarkable in forming an almost insoluble 
pheny'lhydrazone. The hydrazones of lactose 
and maltose are very soluble. 

At the temperature of boiling water, glucose 
reacts with excess of phenylhydrazine to form 
the phenylosazone 

CH 2 (OH)[CH(OH)] 3 -C(:N-NHPh)-CH:N-NHPh 

For obtaining a maximum yield of gluco- 
sazone by Fischer’s method the ratio of phenyl- 
hydrazine hydrochloride and crystallised sodium 
acetate should be 1 : 2-7. The yield increases 
with the amount of the reagents up to 3-2 g. of 
phenyl-hydrazine in 20 c.c. of water per g. of 
glucose. The reaction is not completed within 
less than 3 hours, but beyond this there is decom- 
position (Taketomi and Miura, J. Soc. Chem. 
Ind. Japan, 1929, 32, 776). 

The yellow osazone is filtered and carefully 
washed ; it may be crystallised from most 
organic solvents, the most suitable being a dilute 
solution of pyridine. Glucose, mannose and 
fructose form the same phenylosazone, as they 
differ only in the relative positions of groups 
which are destroyed in the formation of the 
osazone. 

Too much reliance must not be placed on 
the melting-points of the osazones in identify- 
ing unknown sugars in solution, as these depend 
very largely on the method of purification adopted 
and on the rate of heating. Disubstituted 
hydrazines do not directly' form osazones with 
glucose, though these may be prepared from the 
osones. 

Evidence is now forthcoming from a study of 
the mcthylation products of glucosazone that 
tho osazones possess a ring structure (E. E. 
Percival and E. G. V. Percival, J.C.S. 1935, 
1398 ; see also Engels, J. Amer. Chem. Soc. 
1935, 57, 2419). 

HC = N-NHPh 

I 

C — NH-NHPh 

I 

HO— C—H 
O H-C-OH 

I 

H-C-OH 

I 

CH;. 

The ring system above, present in fructo- 
pyranose, is the most probable for glucosazone 
since, on removal of the phenylhydrazine 
residues from the methylated product, 3:4 :5-tri- 
methylglucosone is obtained which is reduced 
to a trimethylfructose. 

Diels and Meyer (Annalen, 1935, 519, 157) have 
found that tho anhvdro-osazones, produced by 
boiling with alcohol containing some sulphuric 
acid, havo well defined melting-points and aro 
very' suitable for identification purposes, 

Votofck (Bull. Soc. chim. 1920, [iv], 39, 278) has 
described tho 2:4-dibromophcnyl- and the three 
iodophenyd-hydrazones and -osazones of the 
sugars. The iodophenylosazones are of no value 


analytically, but the 2:4-dibrdmOphenylhydra- 
zone furnishes a means of quantitative separation 
of galactose from all the more common sugars 
except arabinose. 

Diphenylmethanedimethyldihydrazine, 

CH 2 (C 6 H 4 -NMe-NH 2 ) 2 , 

(J. von Braun and Bayer, Ber. 1925, 58, [B], 2215) 
does not react with ketoses, and only with aldoses 
in which at least two of the three ■ — CH OH 
groups following the — CHO group have the 
same spatial arrangements. It is thus useful in 
isolating mannose. Methylphenylhydrazine,. 
which reacts more rapidly with ketoses than 
with aldoses, may be used to distinguish fructose 
from glucose. 

To recover the original sugar from the 
phenylhydrazone, it is boiled in water with a 
slight excess of benzaldehyde. The phenyl- 
hydrazine is removed as benzaldehyde phenyl- 
hydrazone, the excess of aldehyde extracted by 
ether, and the sugar solution concentrated in 
vacuo. 

p-Nitrobenzaldehy’de can conveniently be 
substituted for benzaldehyde in the regeneration 
of sugars from their hydrazones in view of the 
greater insolubility of its hydrazone. With the 
disubstituted hydrazones bettfer results are ob- 
tained by using formaldehyde. 

The phenylhydrazine residues may' be removed 
from the osazones by heating with fuming 
hydrochloric acid. Compounds termed osones 
are formed : 

CH 2 (OH)[CH-OH] 3 -COCHO 

These are colourless syrups ; they act as 
strong reducing agents, combine directly with 
phenylhydrazine, and are non-fermentable. The 
slightly soluble osazones of the disaccharides, 
and of the pentoses, are converted into osones 
on boiling with benzaldehyde. 

When reduced by means of sodium amalgam, 
the osones are converted into ketoses, and not 
into the aldoses from which they were formed. 
Thus it is possible to pass from glucose to 
fructose — a transformation of great importance 
— the stages being : 

glucose -> phenylosazone osone -> fructose 

Another important transformation is that 
from glucose to mannose, which is based on the 
fact that gluconic acid ( v . supra), when heated 
with quinoline, is converted into a mixture of 
gluconic and mannonic acids. The stages in 
this case are : 

oxidation reduction 

glucose -v fshiconicl \ mannonic I man- 

t acid j ( acid / nose 

By' the aid of these two reactions Fischer 
was able to pass from the synthetical a-acrose to 
(/-glucose, (/-fructose, and d-mannose, and so 
effect the complete synthesis of the naturally 
occurring hexoses. 

Cyanohydrin Synthesis . — The aldoses com- 
bine directly with hydrogen cyanide, forming 
nitriles, which, when hydrolysed, give rise to 
acids containing one carbon atom more than the 
original carbohydrate. The lactones of these 
acids, when reduced with sodium amalgam, yield 
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the corresponding aldoses with one carbon atom 
more than the original carbohydrate : 

C,H n O, CHQ + HCN-CjHjjOj CH(OH) CN-* 

C,KuO s -CH(OH)CO,H^C | H u O j -CH{OH)CHO 

In this manner arabmose is converted into 
glucose, glucose into glacoheptose. Fischer has 
continued the process as far as the aldononose. 

Actually two isomerides are formed at each 
stage, and arabmose gives both glucose and 
mannose. 

Degradation. — 'The converse change from 
glucose to arabmose has been effected by 
several different methods. 

Wohl {Ber. 1893, 26, 730, etc.) heated glucose 
oxime with concentrated sodium hydroxide, so 
converting it into gluconic acid nitrile, from 
which, on further heating, hydrogen cyanide was 
eliminated and d-arabinose formed : 


In practice the method adapted is to heat 
the oxime with acetic anhydride and a trace of 
zinc chloride ; a vigorous reaction ensues, and 
the pentacetate of gluconic acid mtnie is formed, 
from which hydrogen cyanide is eliminated by 
treatment with ammomacal silver oxide. 

Ruff (Ber. 1893, 31, 1673) oxidises the 
calcium salt of gluconic acid with hydrogen 
peroxide in presence of a ferrouB salt (Fenton’s 
method). The carboxyl group is eliminated 
and arabinose formed. 

Neuberg (Biochem. Z. 1908, 7, 627) effects 
the elimination of the elements of formic acid 
from gluconic and similar acids by electrolysis. 

Weerman (1916, A, 387) obtains glucona'mide 
by saturating gluconolactone in alcoholic solu- 
tion with ammonia. On subsequent treatment 
with bypochlorous acid the amide is decomposed 
according to the scheme 

R CH(OH) CO NH,-*- 

R-CH (OH)-N ■ C: O -*■ R-CHO 
According to Irvine the reactions proceed with 
the utmost smoothness and constitute a great 
improvement on the methods hitherto m use. 
The reaction has been applied to glucose, 
galactose, 1-mannose, and 1-arabinose. 

Desmutatiox Products of the Suoars. 

These include unsaturated substances in 
which a double bond has been introduced into 
the carbon chain, as well as inner anhydrides, 
and are of interest both on account of the 
insight they afford into the structure of the 
complex glucose molecule, and as giving starting 
materials for new syntheses. The first changes 
in glucose under the influence of alkalis, of 1 
ferments, and of bacteria, are still only partially 
understood, whilst the presence of the deoxy 
sugars in plants and animals adds new interest 
to the partially reduced glucoses. 

The unsaturated compounds are : 

Olueal with double-bond joining carbons 1 and 2 
isoGlucal „ „ „ 2 and 3 

Olucoseen -5:6 „ ,, „ 5 and 6 

Glucoseen -1:2 .. ., ,. 1 and 2 


Glucat, C,H,«0 4 . — When acetobromo 
glucose is reduced by zinc dust and acetic acid 
tnacetylglucal is formed with & double bond 
between carbons 1 and 2 (Fischer, Ber. 1914, 
47, 196 ; Fischer, Bergmann, and Schotte, tbid. 
1920, 53, [B], 509). The pyranose structure 
assigned to glucal : 

HOCH,-CH-CH(OH)CH(OH)CH:CH 

! « _l 


CHj’OH 


V OH 


has received independent confirmation by 
Hirst and Woolria (J.C.S. 1931, 1131). Tbs 
fact has significance owing to the easy con- 
version of glucal into o-methylmannoside (Berg- 
mann and Schotte, Ber. 1921 , 64, [B] 1664) by 
means of perbenzoic acid. Strong evidence u 
thus afforded for the pyranose structure of 
mannose contrary to the view of Hudson (J. 
Amer. Chem. Soc. 1930, 52, 1680). Similar 
glucals are obtained from the other sugars. 
Their reaction with perbenzoic acid is being 
studied by Levene and Tipson (J. Biol. Chem 
1931, 93, 631), who predict their use for pre 
paring and interconverting Borne of the rarer 
sugars. Whilst glucal in this reaction yields 
mannose, 3-methyIglucal yields 3-methylglucoae 
(Levene and Raymond, ibid. 1930, 88, 513), and 
the 4-gaIactosidomannose from lactal is a mix- 
ture of two sugars (Watters and Hudson, J. 
Amer. Chem. Soc. 1930, 52, 3472). 

On treatment with dilute sulphuric acid in 
the cold glucal is converted into deoxyglucoss 
(Bergmann, Schotte, and Lechinsky, Ber. 1922, 
55, [Bj, 158). The method is a general one and 
has been used for the synthesis of the deoxypen- 
toses, 

iscGlucal. — When glucal triacetate is boded 
with water the double bond moves along the 
chain to form the diacetato of woglucal (Berg- 
mann and Freudenberg, Ber. 1931, 64, {BJ, 
158 ; Annalen, 1929, 470, 51) : 

HO-CH, CH CH(OH)CH:CH CH OH 

I O ' 

On reduction a bisdeoxy glucose is formed. 

Glucoseen-5.6 is an unsaturated anhydro- 
glucose which has lost a molecule of water 
betw een carbons 6 and 6 leaving the side chaui 
attached by a double bond. a-Tctra-aeetyW 
glucoseen has m.p. 115°, [aJ D +1109°! 
/J-isomeride haa m.p. 119°, [aJo —35°. The 
corresponding /3-methyl d-glucoaeenide, m P- 
I09M10 0 , [bJ d 115 5°, is very sensitive i to •«** 
(Helfench and Himmen, Ber. 1 928, 61, (BJ, ’ 
see also JIaurer, Ber. 1929, 62, [B], 332). 
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HC-OH 

I 

HC-OH 

I 

OH-CH 

I 

HC-OH 


CH 2 

Solutions of the hydrolysed glucoseenide 
give with phloroglucinol and many other re- 
agents colorations closely resembling those of 
certain components of wood or of lignin itself. 

Unsaturated substances are present in wood 
and it is quite possible that glucoseen is related 
to the transition products between glucose and 
lignin. 

Glucoseen-1:2 is obtained under somewhat 
special conditions from acetobromoglucose by 
the action of diethylamine (Maurer, Ber. 1929, 62, 
[B], 332). It is only known as its tetra-acetate 
AcOCH 2 -CH-CH(OAc)CH(OAc)C(OAc):CH 


On reduction and hydrolysis of this compound a 
substance identical with styracitol, which occurs 
naturally, is obtained, proving styracitol to be 
1 :5-anhydro-d-sorbitol (Zervas, Ber. 1930, 63, 
[B], 1689). 

HOCHj-CH-CH(OH)CH(OH)CH(OH)CH 2 


Glucosans. — Crystalline anhydrides of the 
sugars exist having a second oxygen ring in 
addition to the 1:5 oxygen bridge. These are 
termed glucosans. 

a-Glucosan, discovered by Gelis (Compt. 
rend. 1860, 51, 331), is prepared by Pictet by 
heating a- glucose in a vacuum. The hydroxyls 
on carbons 1 and 2 are on the same side of the 
plane of carbons, and it is here that water is 
eliminated, forming a 1 -. 2-oxygen bridge (Pictet, 
Compt. rend. 1920, 171, 243). Prom ,8-glucose, 
whero the hydroxyl on carbon 1 is on the other 
side of the plane of tho ring, no such elimination 
is possible, but it takes place with the adjacent 
sido chain hydroxy], forming a l:6-oxygen 
bridge. This is termed J3- or kevoglucosan 
(Pictet, Helv. Chim. Acta, 1918, 1, 87 ; 1920, 
3, 640) ; it is prepared by distilling cellulose or 
starch under reduced pressure. 

O 

H0-CH 2 -CH-CH(0H)CH(0H)CH^CH 


=a-glucosan 


CH 2 'CH-CH(OH)CH(OH)CH(OH)CH 

I o 1 


a-glucosan 

fi-glucoean 


=/3-glueosan 
M.p. [a] D 
108° +69-8° 

179° -66-2° 


A form of glucose anhydride was once sug- 
gested as the unit of the polysaccharides. A 
simple methylated glucose anhydride — 1 :4 — has 
been prepared by Hess (Ber. 1927, 60, [B], 1898) 
from the actual 2:3:6-trimethylglucose -which 
is obtained from methylated starch, glycogen, 
and cellulose on complete hydrolysis. This 
anhydride, however, has none of the properties 
of a methylated saccharide. 

Another anhydroglucose is the 3: 6-anhydride 
of Pischer and Zach (Ber. 1912, 45, 456, 2068) : 

CHO-CH (OH)CH-CH (OH)CH (OH)CH 2 


which is regarded as an aldehyde since it gives 
a positive test with Schiff’s reagent. It can be 
prepared from glucose monoacetone (cf. Ohle, 
Ber. 1928, 61, [B], 1211 ; Preudenberg, ibid. 
1750 ; also ibid. 1208, 1870). 

A 2:5-anhydrogIucose or epichiiose is obtained 
by the action of nitrous acid on epichitosamine. 

Polymers of Glucosan. — When /3-glucosan 
is heated with zinc dust at 250°/15 mm. in an 
atmosphere of hydrogen (Irvine and Oldham, 
J.C.S. 1925, 127, 2903) it polymerises to com- 
pounds of the nature of synthetic dextrine, 
which have been separated into fraction's by the 
addition of alcohol to the aqueous solutions. 
With the exception of pentaglucosan a series of 
polyglucosans from mono- to octaglucosan haB 
been described. It is supposed that glucosan 
is first converted into glucose, one molecule of 
which condenses with a second molecule of 
glucosan, and the process continues catalytically. 
Triglucosan is regarded as glucosan maltosidc. 
Tho behaviour of these compounds towards 
emulsin and amylase is described by Pictet 
(Castan and Pictet, Helv. Chim. Acta, 1925, 8, 
946 ; Pictet and Salzmann, ibid. 948). Emulsin 
forms glucose and dihexosan from trihexosan, 
maltose from hexahexosan. 


Phosphoric Esters. 

The greatest importance now attaches to 
these derivatives of glucose as essential mutation 
products during alcoholic fermentation, and 
certain vital processes in the body, including that 
of bone formation. 

Hexose diphosphate formed during tho first 
stage of fermentation is formulated as tho 1 :6- 
diphosphoric ester of fructofuranose : 

ch 2 -o-po 3 h 2 


HOC- 


HO-CH 


HC-OH 
HC- 


CH.-O- 


po 3 h 2 


The two monophosphates have been shown 
to be glucopyranose-6-phosphoric ester (I) and 
fructofuranose-6-phosphoric ester (II) : 
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CH.OH 


I 


CH 

I 

CH, O P0 3 H 2 


C OH 

1 I 

O CH OH 

| I 

CH OH 

I 

I— CH 


I 


I. 


CH, O P0 3 H, 

II. 


further, when glucose is fermented with dried 
yeast, trehalose monophosphate is formed 
(Robison and Morgan, Biochcm. J. 1928, 22, 
1277, 24, 119) 

Those liexoscphosphates are hydrolysed when 
boiled with acids, but the different esters 
liberate phosphoric acid at varying rates. The 
phosphatases which hydrolyse them nro veiy 
widely distributed. 

The synthetic phosphoric esters have been 
prepared by the action of phosphorus oxy- 
chloride on the sugars in presence of calcium 
carbonate. Ncubcrg (Biochem Z 1910, 23, 
515 ; 26, 514 , 1011, 36, 5) describes mono- 
phosphates of glucose and galactose • m these 
iho acid residue is considered to be attached 
to carbon 1. Neither is fermented by yeast. 


The Carbohydrate Alcohols. 

These alcohols are widely distributed in the 
vegetable kingdom, where they occur, as a rule, 
uncombined with other substances. As a class 
they are readdy soluble in water, crystallise well, 
and have a small rotatory power On cautious 
oxidation they give in turn a reducing sugar, ' 
monobasic acid, and dibasic acid. They arc 
obtained by reduction of the corresponding 
aldose or ketoso carbohydrates with sodium 
amalgam, but, as a rule, owing to transforma- 
tions in the alkaline solution, a mixture of 
alcohols is produced They are not fermentable 
by yeast though attacked by a variety of bacteria 
and moulds. They do not reduce Fehhng’s 
solution 

The wider distribution of theao alcohols is 
continually being noted, particularly that of the 
rarer varieties. At one time mannitol was the, 
only representative of the alcohols known to 
occur in tho alg-e, but recently Haas has detected 
both dulcitol and sorbitol in a red seaweed Tho 
occurrence of these two sugar alcohols in tho 
samo plant is noteworthy, for hitherto sorbitol 
has practically only been found in tho Rosacea*. 

The alcohols corresponding to the synthetic 
sugars are known. Those which occur naturally 


Erythrltol, C ( H la O ( , present in a number 
of lichens, crystallises m largo transparent 
prisms, m p. 126°. Being tho weso form it is 
optically inactive. Tho synthetic optically 
activo varieties have [a] n +4*4°. 

Adonitol, CjH.jOj, tho only naturally 
occurring pentose alcohol, corresponds to nbose. 
It is found in Adonis tern alts. It cry stalhses in 
prisms, ra.p. 102% is optically inactive, and has 
a s w cet taste. 


d-ManmtoT, C ( H u O s , the alcohol corre 
sponding to mannose, is widely distributed 

It crystallises in colourless rhombic prism', 
m p. 166°. It is optically inactive, but on the 
addition of borax it becomes strongly dextro- 
rotatory, a mixture containing 10% mannitol 
and 8% borax having Md +22 5% This mixture 
is strongly acid. With caustic soda and other 
alkalis it becomes laevo -rotatory. 

Mannitol has a slightly sweet taste, is not 
fermentable by y east, sorbose bacteria oxidise it 
to fructose, and it is attacked by many other races 
It does not reduce Fehling’s solution, or interact 
with phenylhydrazme. It is easily oxidised. 

Polygalritol (Shinoda and Sato, Ber. 1932, 
65, [B], 1219) is 1 . 5-anhydromanmtol, m p. 1 42’ 
-143% [a]}? +47 81% 

d-Sorbltol, C 6 Hj,O g , the alcohol corre 
sponding to glucose, was discovered in mountain- 
ash berries by Boussingault and is found in the 
fruits of many of the Rosaccce. 

Sorbitol crystallises with 1 mol H s O in slender 
needles, m.p. 55°. The anhydrido has m p 
110° It is very soluble in water, sparingly so 
in alcohol It lias M» — 1-73°, which becomes 
+ 1 4° in presence of borax. It is faintly sweet, 
non fermentable, but is oxidised by B zylinum 
to sorbose 

d Sorbitol is marketed ns a substitute for 
Bugar under tho name of Siomn ; it appears that 
in limited quantity it can be tolerated in illness 
(Chem and Ind 1929, 48, 673). 

Styracitol is 1-5-anhydrosorbitol and ha* 
been synthesised by tho reduction of tetra acetyl 
hydroxyglueal (Zervas, Ber. 1930, 63, JB), 1689) 
The occurrence of the 1-5 ring m the alcohols 
is of interest ; it indicates an intermediate stags 
in tho biological reduction of aldose to alcohol 
It has m p. 1 57° and [a]” —49 4® in water. 

Dulcitol, C 8 H u O„, tho alcohol from galac- 
tose, is also of wide occurrence. It has mp 
188° and is optically inactive. 

d tditol is found in mountain ash berries 
but is probably of secondary origin (Bertrand, 
Bull Soc. ehim. 1906, [in], 33, 166). Ithasmp 
73° and [a] D —3 50° in water. 

Perseitol, C 7 H 18 0 7 , a heptoso alcohol 
identical with d-mannoheptitol, is obtained from 
the seeds of species of Persen. It crystallises m 
needles, nip. 18S% fa] D — 1*3° becoming (ojp 
+4 o° in borax solution. 

Vo lem 1 1 ol , C 7 H , 8 0 7 , obtained from Laclariui 
lolemus, is identical with a sedoheptitob It 
forms slender needles, m p. 153% Md + 2 2 • 


The Carbohydrate Acids. 

These are acids containing the samo number of 
carbon atoms ns the aldose carbohydrates from 
which they are derived. They are either mono 
or di-basic. Ketoses on oxidation yield ® c "” 
with fewer carbon atoms than tho original 
carbohydrate. . 

Tho monobasic acids arc formed on oxidising 
the aldehyde gioup to carboxyl, generally °y 
means of bromine or dilute nitric acid. J'or* 
energetic oxidation converts also the 
alcohol (— CHj-OH) group into acid (CO*H) 
Glucuronic acid, which is of considerable im 
portnneo phy siologically, is a type of monoo*’ <■ 
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acid, in which the aldehyde group is intact, and 
the primary alcohol group oxidised to carboxyl. 

The monobasic acids are transformed in 
aqueous solution, particularly on evaporation 
on tho water-bath, into lactones which crystallise 
well. The dibasic acids similarly sometimes 
form double lactones. 

The most important property of gluconic and 
isomeric acids is their behaviour on heating 
with pyridine or quinoline, when they are 
transformed into isomerides, rearrangements of 
the groups attached to the a-carbon atom taking 
place. Thus, when gluconic acid is heated with 
quinoline or pyridine at 130°-150°, it is partially 
converted into mannonic acid. This behaviour 
has been of the utmost importance in effecting 
the synthesis of the carbohydrates. 

Gluconic Acid, C c H 12 Oj, always contains a 
proportion of lactone. It is slightly lrevo- 
rotatory at the instant of solution, but becomes 
dextro-rotatory as the transformation to lactone 
takes place, the final figure for a mixture in 
equilibrium of acid and lactone being about 
+ 19°. The lactone crystallises in slender 
needles, m.p. I30°-135°. It has [a] n +68° when 
first dissolved, falling to -f 19° for the solution 
in equilibrium with the acid. 

A number of commercial uses for gluconic acid 
have now been found, and practical methods for 
its preparation worked out. 

Calcium gluconate, being soluble, practically 
tasteless, and non-irritating to tissues, is being 
increasingly used in medicine ; it may be 
administered by the mouth or by subcutaneous 
injection. Its use for the medical treatment of 
calcium deficiency is arousing interest. The 
property of the lactone of slowly regenerating 
acid when dissolved in water is being utilised 
in several directions, especially as it can be 
controlled within certain limits by varying the 
temperature and concentration. The lactones 
further have a slightly sweet and not an acid 
taste. Thus they may with advantage replace 
fruit acids in the manufacture of powders to be 
used for tho preparation of fruit jellies, and in 
baking powders. In the former case the 
lactones may be dissolved simultaneously with 
sugar and pectin to a clear solution which will 
jell on boiling. In tho latter the evolution of 
carbonic acid from lactone is more gradual and 
the leavening action more uniform. The 
gluconates are useful in the preparation of 
homogeneous pastes such as dentifrices and for 
polishing. The aluminium salt and the acid 
have potentialities in 'tanning. 

Tho acid is manufactured from glucoso by 
fermentation, by chemical oxidation, or by 
electrolytic oxidation in the presence of a small 
quantity of a bromide. Tho last method 
described by Isbell and Frush (Bur. Stand. J. 
Res. 1931, 6, 1145} gives nearly quantitative 
yields and appears economical. 

Increased yields are obtained when the 
oxidation with aqueous bromine is conducted 
in presence of calcium or barium benzoate to 
removo tho hydrogen bromide from the system 
(Hudson and Isbell, J. Amor. Ckem. Soc. 1929, 
51. 2225). 

Uronic Acids. — The general term “ uronic 
arid." first suggested by Schryvor, is applied to 


those sugar derivatives in which the primary 
alcohol or side chain carbon group is oxidised to 
carboxyl : 

CH(OH) CH-OH 

/ \ 

CH(OH) O 

\ / 

CH(OH) CH-COOH 

Glucuronic and galacturonic acids are widely 
distributed in plants and mannuronic acid is 
present in seaweeds and in hemicelluloses. Poly- 
uronic acids are also widely distributed. 

They are readily prepared from any poly- 
saccharide or suitable glycoside (glucoside) in 
which the reducing group is protected and the 
side chain group is free, by oxidation with 
bromine in neutral or alkaline solution. In this 
way glucuronic acid is obtained from sucrose 
{Nanji, Paton, and Ling, J.S.C.1. 1925, 44, 253T), 
whilst milk sugar gives galacturonic acid. 

Similarly by oxidation of the a- and (2- 
methyl glucosides with bromine in pyridine 
solution the corresponding a- and jS-methyl- 
glucuronic acids are formed (Bergmann and 
Wolff, Ber. 1923, 56, 1060). 

The uronic acids can be quantitatively 
estimated by heating with hydrochloric acid 
when they are converted to carbon dioxide and 
furfural (see Nanji, etc., l.c.). 

Glucuronic Acid is conveniently prepared 
from gum arabic, about 50 g. being obtained 
from 1 kg. of gum (Weinmann, Ber. 1929, 62, [B], 
1637). It has m.p. 154°, [a]„ +36-2°, and exists 
in two modifications. Tho initial rotation 
is +3-6°. The corresponding lactone formed 
in boiling aqueous solutions crystallises well, 
m.p. 175°-178°, [a] D +192°. The characteristic 
compound with y>-bromophenylhydrazine (Neu- 
berg, Ber. 1899, 32, 2386, 2395) has m.p. 236°. 

A long list of the paired glucuronic acids 
separated in the urine after administration of 
various organic compounds is given by Neuberg 
in Oppenheimer’s “ Handbuch der Biochemie,” 
1924, I, 356. 

Galacturonic Acid, m.p. 159°, [a] D +55-6°, 
is conveniently' made from commercial lemon 
pectin (Link and Dickson, J. Biol. Chem. 1930, 
86, 491). Ehrlich and Schubert have prepared 
it in a- and /1-forms from sugar beet (Ber. 1929, 
62, 1974). The a-form crystallised from hot 
aqueous solution has physical constants similar 
to the above, [a] D originally being +107°. The 
/?- variety is obtained on boiling the a-form with 
a large excess of absolute alcohol and rapid 
evaporation of the solvent. It has m.p. 160% 
Wq +27°, rising to -f 55-3°. According to 
their colour reactions the a-form has an alde- 
liydic and the /3-form a pyran ring structure. 
The semicarbazono (Kiliani, Ber. 1923, 56, [Bl, 
2016) has m.p. 190°. 

di-Galacturonic acid is obtained by reduction 
of mucic acid with sodium amalgam (Niemann 
and Link, J. Biol. Chem. 1932, 96, 449). 

Mannuronic Acid (Kiliani, Ber. 1922, 55, 
[B], S7 ; 1923, l.c.) forms a lactone, m.p. 205°- 
206°, [a] D —196°, and a semicarbazone, m.p. 
189°. 

Physiologically' tho uronic acids are among 
the most important oxidation products of the 
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sugars ; they are apparently a means which the 
organism uses to protect itself against toxic 
agents. 

A number of polyuronic acids are now being 
identified, and there is little doubt that they are 
of wide occurrence. Thus d-mannuromc acid 
is present in the alginic acid of seaweeds (Nelson 
and Cretcher, J. Amer. Chem Soe. 1929, 51, 
1914), and probably m the hemicellulose of 
white oak. Apple pectin contains diga/acturomc 
acid, whilst arabmogalacturonic acid is present 
in orange pectin (Bowmann and McKinms, 
lilt/. 1030, 52, 1209). I Rhamnose-d galacturonic 
complexes have been found m Cholla gum (Sands 
and Klaas, tbid. 1929, 51. 3441) and in flax seed 
mucilage (Anderson and Crowder, tiid 1930, 52, 
3711) 

Saccharic Acid, C,H 10 O 8 . is obtained on 
oxidising glucose and all carbohydrates which 
contain glucose, also from sorbitol, gluconic 
acid, and glucuronic acid. 

Saccharic acid is a syrup, [a] D +8°, increasing 
to +22 5° It forms a characteristic mono 
potassium salt C,H„0 8 K The lactone C # H,0, 
has m.p 130®-131®, [o] D +37 9°, decreasing 
to 2 25° for the equilibrium mixture with the 
acid. 

Muclc Acid is obtained from galactose, lac- 
tose, raffinose, dulcitol, and all carbohydrates 
which contain galactose. It is a microcryBtalbne 
powder, m.p. 213°-214° It is optically inactive 
and cannot be resolved into optically active 
isomendes. 

Disacciurid.es. 

The formulae of the disacchandes hav e under- 
gone revision on the basis of the accepted 
pyranose formula for glucose j only in sucrose 
is the furanose form present. By a variety of 
'V methods the carbon concerned in the attachment 
'of the second monosaccharide has been deter- 
mined to be either 4 or 6. The following table , 
indicates the best known disacchandes : 

Final 

_ . Rotation 

Type I. TVitli reducing properties [a],, 1 

Maltose =p glueose-4-«.glucoside +136° 
Cellobiose «=£ glucoee-4-£ glucoside +35° 
Lactose =a glucose 4 p galactoside+55 3° 
Gentiobiose <=p glucose-6.^ glucoside +9 6° 
Melibiosc =p glucose-6 a galactoside+143® 
Turanoso «=0-fnictofuranose - 6 - a - +75 3® 
glucoside 

Prime\ ero«e “o-glucosc 6 0-d-xylosido -3 4° 
Vida nose “glucose 6-£-/-arabmoside+39 7° 
Ilutino'o *=glucoso rhamnosido +3 2° 

Tj pe If No reducing properties 
Sucrose - a glucopy ranosc - fructo +66 37® 
furanose 

Trehalose =aa diglucopyranosc +197® 

isoTrehalosc =/?/)-diglucopyranose —39° 

nfoTrehaIose=a8 diglucopyranosc +100® 

glucoxyloae “glu cose- xylose —36 5® 

The disaccharides when fully methylated 
form octamethyl derivatives which, when 
hydrolysed by acids, break down into a tetra- 
methjl derivative of that hexose, which 


functioned as the glycoside, and a trimetbyl 
derivative of the other hexose. 

Maltose, cellobiose, and lactose form 2.3 6 
tnmethylglucose-1 :5, whereas gentiobiose and 
mebbiose give rise to 2 3.4 trimethylglucose 1.5, 

The former compound has a free hydroxyl 
at carbon 4 and the latter at carbon 6, indicating 
that these positions are concerned m the attach- 
ment to the other hexose molecule. 

Confirmatory evidence is afforded by oxidis- 
ing maltose to maltobiomc acid, introducing 
nine methyl groups and hydrolysing with acids, 
when in addition to 2:3. 4:6 tetramethyl 
glucose the second product obtained is 2:3:5.6- 
tetramethyl y-gluconolactone with a potentially 
free hydroxyl group at carbon 4. When the same 
method is applied to mebbiose the product is 
2 3 4.5-tetramethylgluconio acid with a free 
hydroxyl at carbon 6. 

Yet a third proof has been afforded bv the 
gradual degradation of maltose through its 
oxime to glucoarabinose and glucoerythrose, 
which last is incapable of forming an osazone. 

The fourth hydroxyl group of glucose is not 
characterised by particular activity', and its 
preferential use in the formation of natural 
polysaccharides is due to some mechanism more 
selective than simple etherification. 

Maltose, C 12 H„O u , is ^-glucose-4-o-gluco- 
side and is therefore a reducing disacchande. 
It was perhaps obtained from starch by De 
Saussure in 1619, and was prepared by Varry, 
who failed to recognise it as ft distinct substance. 
Dubrunfaut, m 1847, further examined it and 
gave the name maltose, but regarded it as p 
tnsacchande. O’Sullivan showed, m 1872, that 
it is a disacchande, and gave a fuller description 
of its characters. 

Maltose is primarily a hydrolytic product 
of starch, and its occurrence in nature is mainly 
under conditions where it has been denved from 
this reserve material. Thus it is found in the 
leaves of plants, in germinating seeds, and in 
malt. Maltose has been reported to have been 
found in the free 6tate in the tubercles of Umbi- 
licus penduhnus (Bndel, Bull. Soc. Chim. biol 
1925, 7, 181) and in the rhizomes of i/ereuria/n 
perennis (Gillot, J. Pharm. Chim. 1923, [viij, 
28, 148 ; 1925, [viiij, 1, 205), where the amount 
increases during the summer months to a maxi 
mum of about 2% in September. It is said 
to be formed in sweet potatoes on cooking 
(Gore, Ind. Eng. Chem. 1923, 15, 038). Under 
abnormal conditions it is found in the urine. 
It is a constituent of commercial glucose. 

Starch is converted by the enzyme diastase 
first into dextrms and then into, maltose 
which is also obtained when starch is hydrolysed 
by acids. Diastase also acts on glycogen, forming 
maltose amongst other products. 

Maltose is always prepared by the action of 
diastase, usually malt extract, on starch put* ! 
its purification from the dextrins present, which 
are soluble in alcohol, is often a matter of 
difficulty. Baker and Day (Bnt. Assoc. Report. 
Dublin, 1908, 671) recommend the use of 
diastase of ungerminated barley, w hich converts 
starch into maltose, about 60%, and Q amj' 0- 
dextrin which can easily be separated by one 
precipitation with alcohol. 
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Maltose shows many of the properties of 
glucose and forms two series of derivatives. 
The a-form has [a] D +168°, the /3-form, which is 
the normal, has +118° and the equilibrated 
mixture + 136°. Accordingto v. Euler and Helle- 
berg (Z. physiol. Chem. 1924, 139, 24) the maltose 
first produced by the enzymic hydrolysis of 
starch by malt extract is the /J-form. 

Maltase is the only enzyme able to effect the 
hydrolysis of maltose. Fermentation by yeasts 
occurs only after hydrolysis. 

The product variously known as isomaltose, 
gallisin, revertose is now regarded as a mixture 
of maltose with other substances. 

Cellobiose is /3-glucose-4-/?-gIucoside, and 
thus differs from maltose in the same way that 
/3-methylglueoside differs from tlje a-isomeride. 
It is a remarkable fact that starch and cellulose 
which make up so large a proportion of the 
vegetable kingdom are polymers of such closely 7 
related isomerides and yet so very different in 
appearance, physical properties, and biological 
function. 

Cellobiose is prepared by hydrolysis of the 
octa-acetate formed by the action of acetic 
anhydride on filter paper. It is hydrolysed by 
emulsin, and it has been synthesised. Cellolriose 
and c ellotetrose are known, also cellodexlrim, 
which range in size from chains of 10 to chains 
of 30 /3-glucose units. 

Lactose, a-glucose-4-/J-galactoside, or Milk 
Sugar, CjjHjjOj!, was first separated from 
whey by Fabriccio Bartoletti in 1619, and termed 
nitrum seri lactis. It is found in the milk of all 
mammals, human milk contains from 5 to 8% 
of milk sugar, cow’s and ewe’s milk from 4J- to 
5%, mare’s and ass’s milk about 6-7%. It has 
not been found in plants. 

It is manufactured by evaporation of whey, 
purified by recrystallisation, and obtained as a 
white powder in the a-form [a] D +90°. The 
/3-form has +35° and the equilibrated mixture 
+55'3°. 

Lactose behaves like glucose giving rise to two 
series of isomeric derivatives. It is hydrolysed 
only by lactase, a /3-galactosidaso found in a few 
torulse and some Kephir preparations. It is 
particularly prone to undergo lactic and butyric 
acid fermentations. 

A neolactose is obtained by a somewhat com- 
plex rearrangement when lactose octa-acetate 
and anhydrous aluminium chloride interact. 
It proves to be /3-d-galactosido-d-altrose {Kunz 
and Hudson, J. Amer. Chem. Soc. 1926, 48, 
1978, 2435). 

A keto sugar, lactulose (=fruetose-4-/9- 
galactoside), is obtained by the action of calcium 
hydroxide on lactose (Montgomery 7 and Hudson, 
J. Amer. Chem. Soc. 1930, 52, 2101). 

The synthetic galactosido-glucoside of Fischer 
and Armstrong obtained as a syrup and at one 
timo considered to bo identical with melibiose 
is regarded by Schlubach and Rauchenberger 
as lactose (Ber. 1925, 58, [B], 1184 ; 1926, 59, 
[B], 2102). 

Gentiobiose is /S-glucose-6-/S-glucoside. It 
has been proved to be the sugar of amyg- 
dalin, of a-crocin, as well as of the gentian- 
glucosides, and of certain anthocyanins, and is 
probably 7 still more widely distributed. It has 
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been synthesised by 7 Helferich and others 
(Annalen, 1926, 447, 27). It is obtained by the 
action of dilute acids or of invertase on the tri- 
saccharide gentianose. 7 It has been synthesised 
both chemically and by means of enzymes, and 
is hydrolysed by emulsin. 

The anhydrous crystals of the /3-form exhibit 
mutarotation initially, [a] D —11° becoming 
[a] D +9-6°. The a-form has [a] D +31°. 

Melibiose is /3-glucose-6-a-galactoside. It 
was first obtained together with fructose by 
the partial hydrolysis of raffinose, either by 
dilute acids or certain bottom fermentation 
yeasts. The method of preparation has been 
reviewed by Harding (Sugar, 1923, 25, 514). 

The isomeric a-glucose-6-/?-galactoside has 
been synthesised by Helferich and Rauch (Ber. 
1926, 59, [B], 2655). 

It exhibits mutarotation, the a-form having 
[a] D +197°, the /3-form +125°, and the equili- 
brium mixture +143°. 

It is hydrolysed by an enzyme melibiase 
which is an a-galaetosidase present in bottom 
fermentation but not in top fermentation 
yeasts. 

Turanose — /J-fructofuranose-6-a-gIucoside — 
has a free ketonic group and is the only sugar 
of the maltose type containing fructose which is 
present in the pyranose form. 

Hudson and Pacsu (J. Amer. Chem. Soc. 
1930, 52, 2519) state that the pure sugar, m.p. 
157°C., is non-hygroscopic and mutarotates from 
[a] D +22° initially to a final value of + 75-3°. 

It is hydrolysed fairly rapidly by a- glucosi- 
dase but not by invertase, emulsin, or rhamnase 
(Aagaard, Tids. Kjemi, 1928, 8, 5, 16, 35). 

It is obtained from a trisaccharide (melezitose) 
on hydrolysis with 20% acetic acid. 

Sucrose= a-glucopyranose-fructofuranose. 

Great interest still attaches to the formula 
of sucrose and to the attempts to effect its 
synthesis. It forms an octamethylo derivative 
which on hydrolysis yields 2:3:4:6-tetra- 
methylglucopyranose and l:3:4:6-tetramethyl- 
fructofuranose. Haworth accordingly formulates 
it as : 



In contrast to most of the sugars it crystallises 
exceedingly well ; this is almost certainly due 
to the fact that one substance only is present in 
solution, and not a mixture of isomerides. It 
lacks both aldehydic and ketonic properties, 
being without action on Fehling’s solution. 
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Pictet an<l Vogel (Heir. Chisa. Acta, 19-S, 
11, 901) describe two different forms of sucrose. 
The A modification, m p. 183°, crystallises from 
aqueous acetone, pyridine, and several other 
organic solvents ; the B form, m p. 171°, is 
obtained only from aqueous methyl alcohol. The 
differences appear to be purely physical and 
the conversion of B into A is instantaneous in 

The synthesis of sucrose is still, in the words 
of Emil Fischer, the unattained goal of sugar 
chemistry. The first claim by Marchlcwski in 
1899 has been long since discredited, and the 
same applies to that of Pictet and Vogel in 1928 
(Helv. Chun Acta, 192S, 11, 43G ; Ber 1929, 
62, [BJ. 1418) 

The discovery that the form of fructose 
present in sucrose is the y or active form, and 
not the fructonyranose modification, evplained 
the many* failures m the past by careful 
workers to effect the synthesis which resolves 
itself into the union of normal glucose with 
y fructose. 

As sucrose is at the same time both an 
a glucosule and a fructoside it should be capable 
of being by droly sed by tw o enzy mes Invertase, 
which hydrolyses cane sugar, also hydrolyses 
the labile y fructosidcs, and it is considered to 
contain a fructosidase and not to act on both 
sugars simultaneously . WiUstatter and Bamann 
(Z. physiol. Chcm 1920, 151, 273)havc separated 
roaltase and invertase and Weidcnhagcn 
(Naturwiss 1928, 16. C34) has shown that this 
purified maltiscatp,j 7 hydrolyses suciose, the 
reaction being of the order of a maltose 
hydrolysis whilst atp u 4 C which is the optimum 
for invertase action, no hy droly his takes place 
The action is evidently that of a glucosnlase 
acting on sueruse as an a glucosule 

The hydrolysis of sucrose by invertase is 
rapid and complete , there is no evidence of 
reversion in highly concentrated solutions of 
the sugar. 

A reaction which is claimed to be specific 
for sucrose (and ruffinose) is the blue green 
colour given on shaking with diazouracil 
(Ray bin, J. Amcr. Chcm. hoc. 1933, 55, 2603). 

Vicianose — jrlucose-C.fi l arabinoside — .is. 
present in viciamn, violutin, gein, and has been 
synthesised by Helfcnch and Brcdereck 
(Annalen, 1928, 465, 1G0). It is related to 
mehbiose in the same way as arabinose is to 
galactose. 

Primeverose — a glucose 6 /3 d xyloside— is 
proving to be widely distributed in plant 
glycosides, being a constituent of primeverin, 
pnmulavcnn, monotropin, genticaulin, and 
rhamnicosin. It is the sugar of the coloured 
anthraqumone glycosides It is perhaps formed 
in nature from gentiobiosc eta the tironic and 
in the same way as xylose is formed from 
glucose. It has been synthesised by Helfcnch 
and Itauch (Annalen, 1927, 455, 1G8) 

Strophantobiose — cymarose glucoside — is 
the sugar of Komb6 strophanthm (Jacobs and 
Hoffmann, J. Bioh Cbem. 1920, 67, G09 ; 69, 
153 ; 1928, 79, 531). It is hydrolysed to 
glucose and cymarose the deoxy sugar 
, CH s -[CHOH],-CH(OMe)CH,-CHO. 


Rutinose — glucose I rhamnoride — is tic 
sugar of the glycosides rutin and datiscin 
(Charaux, Compt. rend. 1924, 178, 1312 ; 1925, 
180, 1419). 

Glucoxylose is a non reducing sugar of tie 
trehalose type. It is present as a dibenzoyl 
derivative in the leaves and twigs of Danww 
laltfdlia (Power and Salway, J.C.S. 1914, 105, 
767, 1062). 

T rehalose is aa diglucopyranose, 

I ° 1 

CHj(OH)CH(OH)CH CH(OH)CH(OH)CH 
CH„(OH)CH(OH)CH CH(OH)CH(OH)CH > 

I -0--J 

It is prepared from Trehala manna by extrac 
tion with 75% alcohol. The clarified and 

aporated extracts crystallise on addition of 
93% alcohol A yield of 20-23% is obtained 
(Harding, Sugar, 1923, 476). 

It does not reduce Fehling’s solution or form 
_ phenylosazone. It is hydrolysed by a special 
enzyme, trehalose, present m most fungi and 
conveniently prepared from Aspergillus tuqtr. 

The best source is the resurrection plant 
obtainable tn large quantities in the arid south* 
; of North America. This contains 2% of 
the sugar w hich is readily obtained crystalline 

It was originally discovered in ergot, and has 
since been proved to be very widely distributed 
in fungi (Bourquelot). It apparently replaces 
sucrose in those plants which contain no cliloro 
phy 11 and do not form starch. 

It crystallises in lustrous rhombic prisms, 
in p. 97°, with 2H,0, becoming anhydrous at 
130*. The anhydride has [a] D 1 197° without 
any mutarotation. 

Theoretically there can exist three non- 
reducing disacchandes of the type of trehalose 
according as the two glutopyranose units tn 
united through the reducing positions as tha 
00 , af}, and /?£ forms. 

The natural sugar is the an form. Fisclier 
and Delbruck (Ber. 1909, 42, 2783) synthesised 
the /3/8-form — notrehalose — by the condensation 
of tetraacetylglucosidyl bromide in the presence 
i of silver carbonate. Haworth and Hickm 
bottom (J.C.S. 1931, 2847) have preparca wnii 
is probably the afi form — neotrehalose— by to 
additive union of triacetylglucose-l : 2 -anbydn e 

and tetrnacetyl glucose in benzene solution. 

The following table indicates the optic” 
properties of the three substances : 

Trehalose . . . +178° (hydrate) +197 (an- 

hy drous). 

Octa-icctyltrchalose +162° (in chloroform)- ^ 
JieoTrehalosc . ' r '~“ ‘ 


+95° (hydrate)+100* (» n ‘ 
hydrous). 

+90° (in benzene). 

-39° (anhydrous). 

-17“ (in benzene). 


Octavcctylneotre- 
halosc. 
uoTrehalose 
Octaacetylisotrc 
halose. 

Synthesis of Disacchandes. 

(a) By enzy mes. In addition to the ongj w 
synthesis of maltose claimed by Crolt 
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(J.C.S. 1898, 73 ,634), Bourquelofc et al. (Compt. 
rend. 1913, 157, 732; 1916, 163, 60; 1919, 
168, 1016 ; J. Pharm. Chim. 1920, [vii], 21, 81) 
have synthesised gentiobiose, cellobiose, aman- 
nobiose, and two galactobioses. Robison and 
Morgan (Biochem. J. 1928, 22, 1277) have 
observed the synthesis of trehalose by dried 
yeast. 

(b) Chemical synthesis has been effected in 
a number of ways : 

(1) By thermal condensation from a- or /?- 

glucosan or galactosan (Pictet et al., 
Helv. Chim. Acta, 1926, 9, 806; 1927, 
10, 280, 588 ; 1928, 11, 209). 

(2) Via the 6-triphenylmethyl derivative of 

glucose. When the other groups are 
fixed by substituents the trityl group 
can bo removed leaving a reactive 
hydroxyl on carbon 6 (Helferich, 
Annalen, 1926, 447, 19; 1928, 465, 
166); thus gentiobiose, 6-/?-galactosido- 
glucose and similar trisaerharides 
have been obtained from cellobiose, 
gentiobiose, and lactose. 

(3) By means of the acetone sugars, Freuden- 

berg et al. (Ber. 1927, 60, 239 ; 1930, 
63, 1961 ; 1933, 66, 27) has synthesised 
6-galactose derivatives of mannose, 
galactose, lactose, and cellobiose, also 
mannosido-l-mannose. 

(4) Cellobial is converted into 4-glucosido 

mannose and lactal into 4-galactosido 
mannose by means of benzoylperoxide 
(Bergmann, Ber. 1921, 54, [B], 440). 

A recent synthesis of gentiobiose is from the 
interaction of acetobromoglucose with 3:5- 
benzylidcne-l:2-i«opropylidene glucose (Brigl 
andWidmaier, Ber. 1936, 69, [B], 1219). Another 
synthesis is that of 2-/j-glucosido-a-glucose 
(Freudenbcrg and Soff, ibid. 1245), 


Trisacciiarides and Tetrasaccuarides. 

Thoro oxist sugars in which soveral different 
hexoso or pentose units are combined (oligo- 
saccharides). Little is known of the manner of 
their formation in plants or of their function. 
Interest centres in the order in which the 
constituent units are arranged and the manner 
in which they are broken down by enzymes. 
Only a limited number are known, but it is 
probablo that others oxist, particularly from 
among the saponin glycosides. 


Ncducing : 

Oligosaccharides. 

[al D 

Manninotrioso 

glucose-galactose- 

galactoside 

6 -e— > 1 6 > 1 

+ 167' 

Rharaninose 

galactose-rhamnose- 

rhamnosido 

-41° 

Robinoso 

rhamnose-galactosc- 

rharanoside 

+ 5° 

Scam nose 

glucose-rkamnose- 

fucosc 


Solnnoso 

glucose-galactose- 

rhamnose 



Non-redwing : 
Raffinose 

Melezitose 

Gentianose 

Staehyose 


Oligosaccharides. [a] D 

2,/3-fructofuranose-l ,a- +104° 
glucose-6, a-galnctoside 

1, a-glucose-2,/J- +88-7° 

fructofuranose-6,a- 
glucoside 

2, jS-fructofuranose-l,a- +33° 
glucose-6, ^-glucoside 

Fructofuranose- + 1 44° 

glucose-galactose- 
galactoside 


Polysaccharides. 

Much interest attaches to the formulm of starch 
and cellulose. They are to-day regarded as 
chains of finite length and not as ring compounds. 
Both chemical and physical methods have been 
used to determine the size of the moleculo. 
Importance attaches to the fact that they are 
built up from the disaccharides, maltose, and 
cellobiose, and that tri- and tetra-saccharide 
units are obtainable during their degradation. 

From 1920 to 1926 it was assumed from tho 
X-ray evidence that tho molecule of cellulose 
was quite small and consisted of small structural 
units held together by some form of residual 
valency. A later interpretation of the X-ray 
diagram, due to Sponsler and Dore, was that 
ramie fibres consist of glucose residues linked 
by primary valencies ( see Colloid Symposium 
Monograph, 1926, 4, 174). The work of 
Staudinger (Helv. Chim. Acta, 1925, 8, 41, 67) 
on the poly-oxymethylenes supported this view 
by analogy. 

According to the molecular chain theory, a 
molecule of cellulose consists of a straight chain 
of glucoso-pyranose units united by /3-gIucoside 
linkages, each of which consequently has three 
alcoholic hydroxyls, namely 2:3:6, free. Such 
moleculo should bear a reducing group on one 
end, whilst the other terminal glucose unit 
should have four alcoholic hydroxyl groups. 
Completely methylated cellulose on hydrolysis 
gives mainly 2:3:6-trimethyIglucose with a 
small proportion of tetramethylglucose. All 
depends on whether the processes of acetylation, 
partial de-acetylation, and methylation used to 
convert cellulose into trimethyl-cellulose can be 
effected with little or no scission of the chain 
molecules. Haworth and Macliemer (J.C.S. 
1932, 2270, 2372) answer this question in the 
affirmative and claim that the chain length of 
about 200 glucose residues found for the 
methylated cellulose can be applied to cellulose. 

Estimates mado on the measurement of the 
reducing power either by means of copper or 
iodine give maximum values of 300 and 175 
respectively. 

On the physical side, measurements of chain 
length have been made by viscosity deter- 
minations. Staudinger (Naturwiss. 1934, 22, 
797, 813) gave the following figures for purified 
celluloses : ramie 1,000, cotton 750, sulphite- 
pulp 230-310, viscose rayons 100-250, in- 
dustrial cellulose acetates 150-250. 

By the Ultra-centrifuge method the figures for 
cotton cellulose are 220-280 by* one observer, 
and 1,300 by another. 
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The subject is still one of extreme controversy. 
Hess, Staudmger, and other Continental workers 
formulate cellulose as a thread with at least 
2,000 glucose units and show that raethjlation 
in presence of air gives rise to degradation (Hess 
and Neumann, Ber. 1937, 70, [B], 728k Ohscrva 
tions with hydrocellulose and oxycellulose con- 
firm the view of the very large molecule and it 
would appear that Haworth’s figure of 200 
glucose units is an expression of a simplified 
unit, perhaps even a side chain, and that 
possibly a distinction must be drawn both for 
cellulose and starch between the chemical mole 
cules and physical units. A fuller discussion 
will lie found in the Annual Review of Bio- 
chemistry, 1938. vol 7 

The chemical structure of all celluloses so far 
examined appears to be identical 

When cellulose is treated with acetic an 
hydride, it is acetolysed : that is both acety 
lated and hydrolysed. Under certain conditions 
the main product is ccllobiose acetate which, 
after correcting for losses, ha3 been isolated in 
amount corresponding with 60% of ccllobiose 
Under other conditions Hess and Dziengel 
(Ber. 1935, 68, [B], 1594} have been able to 
obtain at least 16% of cellotnose Cellotetraose 
and rellohexaose have also been described ( Will- 
st&tterand Zechmeister, Ber 1929, 62, [B], 722 , 
Zechraeistcr and Toth, Ber 1931, 64, [B], 854). 
These are the initial members of a long senes of 
condensation products of jS glucose 

The molecular rotation of an oligosacchande 
will be the sum of the rotation of the two 
terminal glucose groups which together make 
up cellobiose and those of the non terminal 
glucose units As the chain length increases 
the molecular rotation per glucose unit will 
asymptotically approach the value correspond 
ing to the contnbution of a non terminal glucose 
unit. This is actually the fart, indicating that 
tnmethyl cellulose is similar in structure and 
configuration to the methylated oligosaccharides 
but differs in having a much greater chain length. 

Much of the above applies to starch in which, 
however, the linkage of the glueopyranose mole- 
cules is a-, causing, it is believed, the molecular 
chain to take a spiral form. According to 
Rtaudmgerand Ellers (Ber 1936,69, [B].819).this 
explains why starch of molecular weight 50,000 
behaves in solution as if it were of the same 
chain length as a cellulose of 5,000. 

In practice more than 99% of glucose is 
obtained on complete hydrolysis of starch : 
this disposes of the suggestion that the chain 
terminates in & carboxylic acid group 

Haworth (J.C-S 1932, 2376), by the non 
reducing end unit method, concludes that the 
number of glucose umta is of the order of 24-30. 

Figures based on reducing power, which is 
quite distinct and measurable, are much higher, 
varying from 460-1,470 according to the 
sample. Measurement of osmotic pressure indi- 
cates 1,230, and of sedimentation 5,550 units. 

These figures are mufch larger than Haworth’s 
and it is probable that with starch some degrada- 
tion takes place during the methylation process. 
In support of this > ievt recent French work 
indicates that when acetylation is effected under 
dry conditions, it is impossible to introduce more 


than two acetyl groups into starch. Certain 
starches arc associated with phosphoric acid of 
which the significance still remains a matter of 
conjecture. 

On the hypothesis that pure unmodified starch, 
if there be such a substance, ha* a small redwing 
power, it will be obvious that in the early stages 
of hydrolysis a small increase in reducing po*n 
corresponds to a large decrease in average chain 
length. Since the viscosity of a solution of chain 
molecules is closely related to their avert?? 
length, a rapid initial diminution in viscosity 
would be anticipated. This happening is well 
known with starch pastes and has been usually 
attributed to the formation of “ soluble starch * 
by processes differing in kind from hydrolyui 
proper. It would appear such explanation h 
no longer correct and that soluble starch is i 
degradation product (see Richardson, Higgin- 
botham and Farrow, Shirley Institute Memoirs, 
1935, 14, 63). 

The difference in viscosity between different 
starches may be in part accounted for by their 
differences in chain length. Sago starches hare 
the shortest chains and fannas the longest. The 
ranoua starches exhibit different degrees of 
resistance to enzyme action. 

There is a good deal of evidence for what at 
first 6ight might be regarded as an anomalous 
fact that the two enzymes, a and p amylase, in 
attacking the same material, which appears to 
he some 60% of the starch molecule, produce 
two different final fission products, namely 
a- and p maltose. 

This subject is still under active investigation 
(see Freeman and Hopkins, Biochem. J. 1936, 
30,442,451). 

Glycogen, the reserve carbohydrate of the 
animal organism in which it takes the place of 
starch, is a regular constituent of all developing 
cells. It is present in the liver up to 10% and 
in muscle. It also occurs in the lower fungi 
It has [a] 0 +196° to + 197”. 

According to Haworth and Pcrcival (JCS 
1931, 1342 ; 1932, 2277), the average minimum 
chain length is 12 glucoso units. Fish liver 
glycogen appears to be identical with that from 
rabbit liver. 

Galactogen from the snail is a galacto«e 
polymer having properties similar to glycogen 

Mannans. — -These are a group of poly- 
saccharides composed of mannose or of mannir* 
and glucose combined together, such poly- 
saccharides are frequently found together in the 
same plant. 

The vegetable ivory nut contains a mannsn 
forming a triacetate nnd yielding «t fin! * 
mannobiose on acetolysis (Pringsheim and 
Seifert, Z. physiol. Chem. 1922. 123, 205). 

The glueomannan of Konjak powder (Amor- 
phophafhit Konjak) contains mannose ana 
glucose in the ratio of 2 : 1. Salep-mannan from 
T ultra talrp is composed of mannose units com- 
bined through the gly cosidic groups as are the 
glucose units in starch (Klages and Niemann. 
Annalen, 1934, 509, 159; 512, 185; 1936,523. 
224) . 

The yield of tetramethylmannose obtained on 
hydrolysis of the methylated salcp-mann&n 
indicates a chain length of some 80 m'nnose 
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units (mol. \vt. 12,000). This mannan is fairly 
soluble in water, whereas ivory nut mannans are 
insoluble. It is suggested that there is lateral 
coupling of the polysaccharide chains so that 
the particles are more nearly spherical. Mixed 
glucomannotriose and biose have been obtained 
from Konjak mannan. 

Inulin is widely distributed as a reserve 
material in plants having tubers or tuberous or 
fleshy roots, particularly in the autumn in dahlia 
tubers, Jerusalem artichoke, chicory, garlic, 
onions, and other plants and bulbs. 

The purest inulin has [a] D —35° to —36°. It 
does not reduce Fehling’s solution under three 
minutes’ boiling. It is hygroscopic, but can be 
completely dried in a vacuum over phosphorus 
pentoxide (Berner, Ber. 1930, 63, [B], 1356). 

Tho present knowledge in regard to the con- 
stitution of inulin may be summed up quite 
briefly : 

1. It is entirely composed of fructose mole- 
cules. 

2. These fructose residues are exclusively of 
the y-type. 

3. These are linked in the form of a long 
chain. 

4. The point of linkage is between the first 
carbon of one molecule and the second carbon 
of another molecule of fructose. 

5. The number of fructose residues in the 
molecule is approximately 30, with a molecular 
weight of 6,000. 

These conclusions have been reached as the 
result of the careful hydrolysis of methylated 
inulin. Tho main product is 3:4:6-trimethyl- 
fructose first identified by Haworth and Learner 
(J.C.S. 1928, 619), of which 85% of the theo- 
retical amount has actually been isolated. Four 
additional substances have been shown to be 
present by Irvine and Montgomery (J. Amer. 
Chom. Soc. 1933, 55, 1988), namely, methoxy-5- 
methylfurfural, which is merely a decomposition 
product of trimethyl-y-fructose, trimeihyl- 
glucose, totramethyl-y-fructose, and trimethyl- 
a nhydrofru ct ose. 

Considerable importance attaches to the tri- 
methylglucose. The actual amount present in 
the hydrolysate has been shown to be of the 
order of 3% (Jackson and Gocrgen, Bur. Stand. 

J. Res. 1929, 37) to 5% (Pringsheim and Reilly, 
Ber. 1930, 63, [B], 2636), but it is now clear that 
the conversion of y.fructose into the correspond- 
ing glucoso derivative tnkes place under the 
conditions adopted to hydrolyse trimethyl 
inulin. 

A number of polymers of fructose have been 
found to occur naturally. Tho levan obtained 
by the action of f}-mescntericus on sucrose or on 
rnfiinoso consists of chains of fructofuranose 
units joined through positions 2 and 6 (Hibbert, 
Tipson, and Brauns, Canad. J. Res. 1931, 4, 221) 
having a chain length of 10-12 units (Challinor, 
Haworth, and Hirst, J.C.S. 1934, 676). The 
samo levan has been found as reserve carbo- 
hydrate in meadowgrass (ibid. 1560). 

Irisin, a polyfructosc conveniently obtained 
from the rhizomes of Iris pseudacorus, is claimed 
to contain 2:4-nnhydridcs of fructofuranose 
(Schlubach, Knoop, and Liu, Annalen, 1934, 
611,140). 
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Pentosans. — These important constituents of 
the woody tissues of plants are determined by 
conversion into furfuraldehyde under standard 
conditions. The best known is xylan, which 
forms 30% of esparto cellulose. This was long 
thought to be wholly composed oF xylose, but 
has been shown to contain some combined ara- 
binose (Haworth, Hirst, and Oliver, J.C.S. 1934, 
I9I 7). 

It is considered that the arabinose is a terminal 
unit associated with about 16 xylose units which 
are pyranose in structure though other more 
complex structures are possible. 

Fuller details of the questions discussed will 
be found in “ The Carbohydrates,” by E. F. and 

K. F. Armstrong, Longmans, 1934, and “ The 
Glycosides ” by the same authors, Longmans, 
1931. Physical constants of sugar derivatives 
are contained in Vogel and Georg., “Tabellen 
der Zucker und ihrer Derivate,” Berlin, 1931. 

E. F. A. 

CARBOHYDRAZ1DE (has been called 
Carbazidt), 

CO-(NH'NH 2 ) 2 , 

obtained by heating alkyl esters of carbonic acid 
with hydrazine hydrate at 100°. It forms 
colourless crystals, m.p. 152°-153°, and combines 
with 2 rnols. benzaldehyde to form the com- 
pound CO(NH-N:CHPh) 2 , m.p. 198° (Curtius 
and Heidenreich, Ber. 1894, 27, 55; J. pr. 
Chem. 1895, [ii], 52, 454). 

CARBOLIC ACID, phenol, C 6 H 6 -OH. 

Occurrence . — Carbolic acid occurs in small 
quantities in castoreum (Wohler, Annalen, 1848, 
67, 360), in urine (Stadeler, ibid. 1851, 77, 18), 
and is a constant product of the putrefaction of 
albumen (Baumann, Ber. 1877, 10, 685). It is 
formed when organic substances are strongly 
heated, and is contained in the tars obtained by 
the dry distillation of bones, wood (Duclos, 
Annalen, 1859, 109, 163), shale (brown coal) and 
coal (Runge, Pogg. Ann. 1834, 31, 69 ; 32, 308 ; 
Laurent, Ann. Chim. Phys. 1841, [iii], 3, 195). 

Preparation . — In Great Britain phenol was, 
until 1910, obtained exclusively from gas works 
tar. With the development of the by-product 
coke oven, commencing about that date, tar 
from this source was similarly treated for 
recovery of phenol. During the period 1916- 
1918 three plants producing synthetic phenol 
from benzene were in operation, and from 1919 
to 1936 coal tar again formed the only source, 
tho annual production in 1935 being about 3,000 
tons. In the latter year a synthetic plant com- 
menced production. In Germany, coke oven tar 
is the main source, but synthetic plants are also 
in operation. The pre-war production of 2,400 
tons per annum increased to 4,826 tons in 1933, 
of which 3,500 tons were obtained from coal tar. 
Total production from tar, synthetic processes, 
and recovery from ammoniacalliquorisnow(1937) 
of the order of 10,000 tons per annum. In 1935 
the total production was not far from 9,000 
tons. In U.S.A. the production from coal tar 
rose from 450 tons in 1914 to 1,350 tons in 1929, 
and by 1935 to between 5,000 and 6,000 tons. 
The production of synthetic phenol in U.S.A. 
renched a maximum at 44,600 tons in 1918, 
after which most of the plants were closed down 
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until 1923, since when output has increased to 
9,000 tons in 1929 and to o\er 20,000 tons in 
1935, mainly to meet the demand from the 
bakelite resin industry . The hydrogenation of 
coal for the production of motor spirit yields 
phenol and cresols as by-products, but no 
production figures are yet available. 

The phenol content of coal tare depends upon 
the method of carbonisation and the coal used ; 
typical figures are . average English gas works 
tar, 0 4-0 8% ; Ruhr coke oven tar, 0 18% ; 
Silesian coke oven tar, 0 41% ; Saar coke oven 
tar, 0 59% ; German gas works tar, 0 89%. 
For low temperature tar, figures from 0-1 to 
1-5% have been quoted (Wiltshire, J S.C.I, 
1 931 , 50, 125T), the hydrogenated tar containing 
4 9%. The preparation of carbolic acid from coal 
tar is effected by washing the light oils and 
carbolic oil, that is, the oils distilling below 
230°C, with a solution of caustic soda, sp gr. 
1 075-1-100, when the tar acids (phenols) are 
dissolved as sodium compounds and form a 
heavy solution upon which the hydrocarbon oils 
float The use of a stronger solution of caustic 
soda increases the quantity of naphthalene 
dissolved, and is not recommended. As phenol 
m tar is usually accompanied by 3 to 4 parts 
cresols and xj lenols. if it is desired to extract 
the whole of the carbolic acid and as little as 
possible of it3 homologues, the oils are washed 
fractionally. For example, a quantity of caustic 
soda solution more than enough to extract all the 
carbolic acid, but insufficient to take up all 
the cresylic acid, is employed and the phenate 
and cresylate of soda solution drawn off is 
used to wash another portion of ofl when the 
cresylate of soda is decomposed and the cresylic 
acid is partly replaced by phenol In most 
works, however, practically the whole of the 
phenols contained in tho light oils and carbolic 
oil fractions is extracted, and after separating 
the phenols by one of the ways described later, 
the mixture of carbolic and cresjhc acids 
obtained is separated by fractional distillation. 
If there is a good market demand for cresylic 
acid the higher boding creosote fractions 
may also be washed. The phenate of soda 
awd a-Awve Adairs ■svSF’ &aat the otAs is pcenSwt by 
blowing steam through it to remox e naphthalene, 
neutral oils, and pyndine bases, the operation 
being continued until the condensed distillate 
ceases to have a milky appearance. 

The solution is then decomposed by carbon 
dioxide, normally obtained from a coke pro- 
ducer or from a lime kiln A few small w orks still 
employ the older method of decomposing lime- 
stone with sulphnnc or hydrochloric acid The 
free tar acids float to the surface and arc 
separated and treated with sufficient sulphuric 
acid to neutralise the dissolved alkali, and simul- 
taneously reduce the water content to below 
13%. The alkali content of the crude tar acids 
before acid treatment may be reduced by treat- 
ment with further CO,, thus forming the less 
soluble bicarbonate. 

The separated solution of sodium carbonate, 
which contains about 1% of larbohc and, is 
reeausticiscd with lime and used again to 
wash a further quantity of oil. The carbolic 
acid remaining in solution is thus recovered. 


inasmuch as it goes forward with the regenerated 
caustic soda and is regained in the next waduag, 
and the total use of Na £ COj in the process a 
reduced to about 1-lb. per gallon of crude phenols 
recovered. The crude carbolic acid thus 
obtained contains, besides phenol (carbolic acid), 
about 14-15% of water and variable quantities of 
cresylic acid. It 13 brought into commerce 
m a number of qualities, the most important of 
which is known as “ 60's,” being a prodnet 
which when examined by Lowe’s test (p. 308) 
gives a crystallisation test not lower than 60T. 
This product is further subdivided into grades 
according to the amount of impurities (neutral 
oils and pyridine bases) present, A dehydrated 
quality contains less than 3% water and tie 
distilled quality also contains less than 3% water, 
and shows not more than 2% of pitch reads e 
in the distillation test as compared with figures 
of up to 6% in the ordinary quality (c/, B S I. 
specifications 515 and 516 of 1938). 

The preparation of pure phenol from the crude 
product involves first a distillation from a 
wrought iron still, usually fitted with a frac- 
tionating column, water comes over first, and 
then crude phenol, which is collected apart so 
long as the distillate crystallises on cooling to 
15'C., finally crude cresylic acid distils over, 
a pitch residue being left in the stiff. The crudo 
phenol is then redistilled from a steam coil- 
heated vacuum still fitted with an efficient 
bubbling hood or nng-pached fractionating 
column, the condenser and attached pipes ea 
this still being of enamelled cast iron, tin, 
nickel, or monel metal; silver was formerly 
used. The distillate fraction having a minimum 
crystallising point of 35°C, is allowed to cool 
and crystallise, and the crystals are separated 
from the liquid portion either in a drainer or 
m a centrifugal machine. The liquid portion 
is reworked through the still with the next 
batch. The drained crystals may be treated 
with a small quantity- of concentrated sulphuric 
acid and potassium dichromate and redistilled. 
Other purifying reagents which have been 
proposed are aromatic sulphocic acids (U S P- 
1824864), sodium borate (B.P. 276216), and 
a&jlt carbonates {L'.S.P. IMm?}. Jx 
cases the separation of the last traces of cresjhc 
arid is effected by adding a small quantity of 
water and cooling* the mixture, when phenol 
hydrate crystallises out ; this is separated 
from the liquid portion which contains the 
cresyhc acid, and the crystals are redistilled. 
Water comes oxer first, and then the vapour 
temperature rises rapidly and pure phenol 
distils oxer (set Rhodes, Wells, and Murray. 
Ind Eng. Chem. 1925, 17, 1199). Tin or nickel 
storage vessels are employed and the product 
is despatched in tinned or galvanised iron drums. 

Synthetic phenol is now made by tw o methods* 

(1) By sulphonatmg benzene, neutralising the 
resulting bcnzenesulphonic acid and fusing the 
sodium salt with caustic soda. Normally, *« 
of 99-100% strength is employed, 
ture of sujphonation being 100®-12<rC, It 
sulphondiion charge is diluted with water, 
neutralised w ith milk of lime, and fittcred on * 
rotary filter or through Dorr thickeners. 4 
calcium phenate is decomposed with sodm 
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carbonate and the separated carbonate is used to 
neutralise a further charge of siilphonate. For 
the fusion stage, 25-30% excess NaOH is em- 
ployed in direct heated pots at 340°C., decom- 
position begins energetically at 320°. The 
yellowish-brown mass is treated with sufficient 
water to yield a solution of sodium phenate 
containing 10% sulphite, leaving the bulk of the 
sulphite undissolved. The solution contains 
16% phenol, and C0 2 , S0 2 , or H,S0 4 is 
added and the free crude phenol then separated 
and redistilled. The sulphite can be employed to 
convert the calcium sulphonate into sodium 
sulphonate and also for the production of S0 2 
for the separation of the phenol. Killeffer (Ind. 
Eng. Chem. 1924, 16, 1066) describes a modern 
sulphonation process and costs data are given 
in D.E.S. Tech. Records No. 6. The process 
has been improved by increasing the yield in 
the fusion stage (absence of air), by eliminating 
the use of lime and utilising the Na 2 SO a by- 
product. Rhodes, Jayne, and Bivins (Ind. 
Eng. Chem. 1927, 19, 804) state that by fusion 
of the sodium sulphonate with 15% excess 
NaOH at 350° in the absence of air (super- 
heated steam passed over the melt) a yield of 
9G% of the theoretical is obtained. In presence 
of air, formation of o- and p-diphenols lowers the 
yield to 87%, and if too little NaOH is used, 
diphenylether and thiophenol are formed (see 
also B.P. 218034, 1923). 

(2) By chlorinating benzene and heating the 
resulting chlorbenzene with caustic soda solu- 
tion under high pressure, Aylsworth (U.S.P. 
1213142, 1917) showed that decomposition of 
tlio chlorbenzene can bo carried out con- 
tinuously if the mixture is passed through a tube 
still under pressures of 2,000-4,000 lb. per sq. in. 
at 340°-390°, i.e. at temperatures which approxi- 
mate to the critical temperatures of water (372°) 
and chlorbenzene (362°). Hale and Britton 
(Ind. Eng. Chem. 1928, 20, 114) investigated 
this reaction, and the Dow Chemical Co. patents 
and process are based on their work (U.S.P. 
1737841, 1737842, 17449G1, 1756110, 1856021). 
Hydrolysis is carried out in a welded coil auto- 
clave consisting of 1 miie of 4-in. tube of wall 
thickness 4-in., pressures up to 4,000 lb. per sq. in. 
at 340°-350° being employed. Diphenyl oxide or 
diphenyl is employed as heat transmitting agent. 
Diphenyl oxide is added to the reaction mixture 
and is mutually miscible with the chlorbenzene 
and facilitates emulsification with the caustic 
solution. The formation of further diphenyl 
oxide and other side reactions are thereby 
repressed. Hydroxydiphenyl, mainly the para- 
compound, is the chief constituent of the waste 
tar formed, and is apparently to be traced to 
phenol acting in its tautomeric form. Phenol 
yields of the order of 93% are claimed. Caustic 
soda may bo replaced by sodium carbonate in 
presence of a copper catalyst. 

An attempt has been made to simplify the 
high-pressure chlorbenzene process by hydrolysis 
in the vapour phase with steam under ordinary 
pressures, the mixed vapours being passed 
through a heated porous cntalvst at 700°. 
IG. Farbenind. A.-G. (B.P. 2SS308 and 30S220) 
claim increased yields using the same reaction, 
certain metals such as Ca, Ni, Co or metallic 
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oxides being added to a silica gel mass (see also 
Pralil and Mathes, Angew. Chem. 1934, 47, 11 ; 
Raschig, B.P. 362817, 387832, 410331). 

Manufacture through nitrobenzene-aniline : 
by direct oxidation of benzene (U.S.P. 1547725) ; 
or by the action of water and air on benzene in 
the presence of an alkali and certain metallic 
oxide catalysts (U.S.P. 1595299) ; and by 
elimination of the methyl group from cresols 
has also been investigated (Kahl, B.P. 427145). 

New reagents have been suggested for the 
extraction of phenols from tar oils, particularly 
those obtained by low temperature processes. 
Stanier (B.P. 344614) employs triethanolamine, 
the extract being diluted with water preferably 
followed by saturation of the diluted mixture 
with C0 2 or H 2 S. The free base is recovered by 
concentration of the phenol-free solution. 
Perilhou (B.P. 338638) employs an aqueous 
solution of alkali carbonates under pressure 
and at temperatures above 100°C. with con- 
tinuous escape of C0 2 . The phenates are 
isolated and decomposed with CO a . Miller 
(U.S.P. 1819687) employs milk of lime, and 
alcohol and ammonia have also been employed, 
particularly in the treatment of low-temperature 
tar oils (Jarry, Compt. rend. 1932, 194, 614). 

The ammoniacal liquor from gas and by- 
product coke ovens is another source of phenol, 
and since 1927 a number of plants have been 
put into operation in U.S.A. and in Germany. 
(Wiegmann, Gliickauf, 1932, 68, 40 ; Berthelot, 
Rev. Met. 1933, 30, 488). The first British 
plant began operation in Manchester in 1931 
(Gas J. 1931, 195, 468). These processes yield a 
small margin of profit but have been developed 
mainly with a view to reduction of toxicity 
of the ammonia still effluents. The con- 
centrated liquor is extracted with benzene 
and the phenols recovered either by fractional 
distillation or by extraction with caustic soda 
solution and acidification of the resulting 
phenates. The ICoppers process recovers the 
phenols from the partly distilled liquor in the 
ammonia still — the liquor being extracted with 
benzene before passing to the fiming leg of the 
still. At Manchester the liquor is concen- 
trated in the foul gas main to 14-18% N H 4 C[ 
content, and then washed with benzene. The 
higher tar acids and benzene are recovered 
from the effluent by means of active charcoal. 
Robinson and Parkes (B.P. 260686) recover the 
tar acids by acidifying the liquor with CO,„ 
treating with active charcoal, separating the 
latter, and steaming off the tar acids. The use 
of tricresylphosphate as an extracting medium 
has been patented. The ratio phenol : cresols 
in the recovered product is stated to bo 2 : 1. 
Recent information indicates that 1,800 metric 
tons per annum of pure phenol are recovered 
in Germany from gas and coke oven liquors, 
equivalent to about 15% of the total output. 

“Liquefied phenol,” phenol, 80%, w/w with 
water (limits 78-5 to 81*5). Specific gravity about 
1*063 (B.P.C. 1934), is to be distinguished from the 
commercial liquid carbolic acid, which consists 
essentially of a mixture of the three isomeric 
cresols. 

Properties . — Pure phenol (carbolic acid) 
crystallises in long, colourless needles, which 
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tend to turn pink on storage ; has a charac 
terwtic not unpleasant aromatic odour, and 
an astringent but sweetish taste. The cry stal- 
lising point is given as 41-0® core. (Dawson 
and Mountford. J.CS. 1918. 113, 937), 40 8° 
corr. (Rhodes and MarUey, J. Physical Chcm. 
1921, 25, 527), 4092°±01° corr. (Hill and 
Malisoff, J. Amer. Chem. Soc. 1926, 48, 921); 
ate alao Fox and Barker (J.S C I. 1917, 36, 
842; 1918, 37, 268), and Stratton and Parting 
ton (Phil. Mag. 1922, 43, 326). The standard 
commercial product has crystallising point 
39 5°— 10 8° (see B.S.I. Specn. No. 523 of 1938). 
Phenol, B.P. must give a clear solution in 
13 parts of water at 15 5°C., contain not less 
than 98% C # H S OH, and ha\e crystallising 
point about 40°C. The specific gravity of 
phenol at 18°C. is 1 065 (Laurent) ; d^ 1 0710 
(Dawson and Mountford ((c)) dJJ 1 0586 
(Richardson and Robertson, J.CS 1928, 1775), 
while dt between 40° and 60° has been quoted as 
J S®22 &— 9 R0fl85fV, Jts ex y am u pn roth ten>. 
perature 1° at 760 mm pressure is stated by 
Kopp as follow s : 

I’l«l+6744x 10-’/+ !72x 

+5W08xl0-“/>. 

The freezing points of phenol containing 0, 0 5, 
1-0, 1-5, and 2 0% of water are 40 8°, 38 8°, 
36 9°, 35 0°, 33 2° respectively. Bp is 73 5°/ 10 
mm , 120 2°/100 mm., 159 7°/400 mm , 1677500 
mm., 181 7®/?60 mm. Refractive index n^ 1 
1-5509, tip 1-54018. The latent heat of fusion 
has been measured by Stratton and Partmgton 
(f e.), and found to be 28 9 g. cal. per g. Data 
for the two crystalline forms are given by 
Bndgman (Proc. Amer. Acad. Arts. Sci. 1915- 
1916, 51, 111). The heat of combustion is 
734-2 kg -cal /mol (Berthelot and Luginin, 
Ann. Chun 1888, [v 1], 13, 329). Surface tension 
at 50°C., 37-74; at 90°C., 33 35 (Berczeller, 
Biocbem. 2 1914, 66, 173) Heat of solution 
-10 9 kilo joules per mol. solute. 

Phenol coagulates albumin, is a powerful 
antiseptic, being more effective against aerobic 
than anaerobic bacteria, acts as a caustic on the 
skin, and is very poisonous. Its local action is 
much influenced by the solvent — a solution in 
pure glycerol and alcohol is scarcely caustic. 
Phenol bums on the skin should l>e washed 
freely with alcohol and subsequently treated as 
ordinary bums (Allen). 

The critical solution temperature and con- 
concentration in water are variously given as 
65 3°, 36 5% (Bailey, J.C.S. 1925, 127, 1952) ; 
65 85°, 34-23% (Hill and Malisoff, l e.) ; 65 5°. 
34 0% (Dohque, Compt. rend. 1932, 194, 289) 
The effect of the addition of small quantities of 
benzene, naphthalene, or pyndme is to raise 
the critical solution temperature, but it is low ered 
by resorcinol, py rocatcchol, or hydroquinone 
(see olao Bull. Sci. Pharmacol. 1932, 39, 129). 
For effect of salts on the cntical solution 
temperature, see Patterson and co-workers (J. 
Physical Chem. 1925, 29, 295; JL'.S 1925, 
127, 25-44). Hill and Malisoff ((e) give the 
fallowing figures for the mutual solubility of 
phenol and w a ter : 



I Phenol phase, j 

Water pha« 







phenol 

Density 

phenol 


20° 1 

72-16 

1-0541 

8 36 


25° | 

71-28 

1 0469 

8 66 

1-0045 

30’ 

69 90 

1-0429 

9 22 

1-0039 

35° 

67-63 

1 0405 

9 91 

0 9974 

57-3° 

— 

— 

14 87 



62 55° 

51 87 

— 

— . 

_ 

65 79® | 

j 

~ j 

27-77 | 

- 


Rhodes and Markley (1 c.) give the hydrate as 
2C 8 Hj-0H,H 2 0, mp. 15 9°. The hydrats u 
not readily isolated, but can bo obtained by 
seeding with hydrate crystals or by cooling to 
very low temperatures. It forms eutectics wjti 
phenol and ice respectively. The solid phase 
w hich ordinarily appears when a mixture of 
pbeno) and water 13 coded is the aettstak Is 
anhy drous phenol, due to the tendency towards 
suspended transformation. 

The coefficient of reciprocal miscibility of 
phenol and water steadily increases with the 
addition of alkali hydroxides to the wafer 
Acids and salts of the stronger acids cause a 
diminution of the coefficient, and the same holds 
Shod for alkali carbonates (Dubrisay, Tnpier, 
&hd Toquet, Compt. rend. 1918, 167, 1036) 
The influence of neutral salts on the partition 
of phenol between benzene and water, where’ 
£=salt concentration, is given at 25° by 
5=2 272x 10^0+ 37-71 X IO 3 ^*, where 5 end 
C are molar concentrations of phenol m benzene 
and the aqueous layers respectively, and fi 
w a constant characteristic of the salt (Endo, 
Bull. Chem. Soc. Japan, 1927, 2. 124). Boyd 
<d.C.S. 1915, 107, 1538) gives the ionisation 
constant X a (25°) = l-15x 10- 1 ". Phenol is soluble 
m all proportions m alcohol, ether, benzene, 
glacial acetic acid, glycerol, ohve oil, chloroform, 
carbon disulphide, etc. 

A. Hagemann (Z. angew. Chem. 1929, 42, 

)3 ; 1931, 44, 221) has studied the thermal 
decomposition of phenol, the main product! 
bt>ing rycfopentadicne, naphthalene, carbon 
monoxide and methane. In the presence of 
hydrogen, benzene is nlso formed. 

Phenol is readily attacked by tin ; no action 
occurs at 30°C , hut above the temperature of 
boiling water benzene and SnO, are formed 
Boiling anhydrous phenol dissolves aluminium 
"ith evolution of hydrogen and formation 0 
Al(OC-H,) a . but the action is inhibited by 
Presence of water ; the phenate decompose 
on heating to form diphenyl ether. The moe 
resistant metals are nickel, silver, and mc«* 
®hd chromium-nickel steels of the 18,8 type 
(Rhodes, Riedel, and Hendricks, Ind. Eng 
Chem. 1934 26, 533). Two isomeric mono- 
*Utrophenols are obtained by the action of duu 
nitric acid (sp. gr. 1 34) ; at lower tempera turn 
the pom- and at higher temperatures the or! «• 
denvative appears to be chiefly formed (uo 
*tein. Ber. 1878, 11, 1943). By the to™* 
nation of nitric acid, dinitrophenol (Kolbe, • 
1871, 4, 147) and trinitro phenol (picnc 
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(Schmitz and Glutz, Ber. 1869, 2, 52) are 
formed. 

Chlorine and bromine convert phenol at 
ordinary temperatures into mono-, di-, and tri- 
substitution derivatives, and at higher tempera- 
tures or in the presence of halogen carriers, such 
as antimony pentachloride, etc., into tetra- 
and penta- derivatives. The nitro-, chloro-, and 
bromo- derivatives are fairly strong acids, and 
the acid character increases with the number of 
nitro-groups or chlorine or bromine atoms intro- 
duced into the molecule. Iodine yields mono- 
and di-derivatives in the presence of mercury 
(Hlasiwetz and Weselsky, Ber. 1869, 2, 524) or 
iodic acid (Komer, Annalen, 1866, 137, 213). 
Sulphuric acid converts phenol into two isomeric 
monosulphonic acids (Kekule, Z. f. Chem. 1867, 
[2], 3, 197) ; at ordinary temperatures the ortho- 
and at higher temperatures the para- acid is the 
chief product. When heated with ammonium 
zinc chloride at 280°-300°, phenol yields aniline, 
together with diphenylamine and phenyl ether 
(Merz and Weith, Ber. 1880, 13, 1299). When 
fused with caustic potash, salicylic acid, meta- 
hydroxybenzoic acid and two isomeric diphenols 
are formed (Barth and Schreder, Ber. 1878, 11, 
1332), whilst fusion with caustic soda results in 
the formation of pyrocatechol, resorcinol, and 
phloroglucinol (idem. Ber. 1879, 12, 417). The 
behaviour of sodium and potassium phenates 
when heated in a current of carbon dioxide has 
been studied by Kolbo (J. pr. Chem. 1874, [ii], 
10, 89 ; cf. also Schmitt, ibid. 1885, [ii], 31, 
397 ; D.R.P. 29939/1884) ; with sodium 
phenate the reaction commences below 100°, is 
most rapid and complete about 180°, and con- 
tinues up to the temperature of the decomposi- 
tion of sodium salicylate with the formation of 
that compound as sole product, but with 
potassium phenate salicylate is formed only at 
temperatures below 150°, whilst at higher 
temperatures the isomeric potassium para- 
hydroxybenzoate constitutes almost the entire 
product ; in these reactions, one-half of the 
phenol is recovered. When phenol is heated 
with phthalic anhydride and a dehydrating 
agent, such as zinc chloride or sulphuric acid, 
it yields phenolphthalein (Baeyer, Ber. 1876, 9, 
1230 ; Annalen, 1880, 202, 68). Phenol distils 
without alteration with phosphoric acid, but 
reacts with phosphoric anhydride at 40° to form 
monophonyl and diphenyl phosphates. 

Sodium and potassium phenates may be 
readily crystallised from their solutions. Cal- 
cium phenate is formed by dissolving phenol 
in milk of lime. On boiling the aqueous 
solution half the phenol is liberated and the basic 
salt C„H 5 -OCa-OH is precipitated. Like 
aliphatic alcohols, phenol forms both ethers and 
esters ( c.g . anisole, methyl phenate, and salol, 
phonyl salicylate). 

Reactions. — (1) In aqueous solution phenol 
gives a violet colour with ferric chloride (avoid- 
ing excess) ; this, however, is developed neither 
in very dilute solutions nor in the presence of 
alcohol ; most mineral and organic acids, 
acetates and ether also interfere. Other 
compounds also givo the same coloration, and 
therefore the test can only be employed as a 
control reaction; limit of sensitiveness, 1 in 


I, 500. (2) The aqueous solution, on treatment 
with ] vol. of ammonia and then with a few drops 
of an aqueous solution of bleaching powder (1 
part in 20 parts of water), gives either at once or 
on standing a blue coloration ; limit of sensitive- 
ness 1 in 4,000 (Salkowski, Z. anal. Chem. 1872, 

II, 316). (3) Fresh bromine water, added to an 
aqueous solution of phenol, gives either at once 
or on standing a yellowish -white flocculent 
precipitate of tribromophenol, limit of sensitive- 
ness 1 in 43,700 (Landolt, Ber. 1871, 4, 770), 
1 in 80,000 by recognisable cloudiness "with slow 
crystalline separation (Lunge). Phenol homo- 
logues give similar reactions. (4) A solution of 
phenol assumes a deep red colour when heated 
at 100° with five-sixth its bulk of Millon’s 
reagent (a solution of basic mercury nitrate 
containing nitrous acid) ; the reaction is 
distinct with 1 in 60,000 and still appreciable 
with 1 in 200,000. /S-Naphthol gives a similar 
reaction (Chapin, Ind. Eng. Chem. 1920, 12, 
771). (5) Rodillon (J. Pharm. Chim. 1921, 
[vii], 23, 136) gives the following characteristic 
reaction for phenol: — if 10 c.c. of a solution con- 
taining phenol are treated with a drop of 10% 
sodium nitrite solution and then poured on the 
surface of cone. H 2 S0 4 , a coloured zone (red 
above, green below) appears at the junction of 
the two liquids. 

Quantitative Estimation. — The exact phenol 
content of commercial crystals is determined 
from the crystallising point of the anhydrous 
sample (see “ Standard Methods of Analysis of 
Tar and its Products ”). Typical figures are : 


Crystallising point, 
°C. 

41-0 

40-5 

400 

39-5 

38-5 


35-0 

30-0 

27-0 


Fractional content 
of phenol. 
1-000 
0-991 
0-983 
0-974 
0-957 
0-896 
0-809 
0-757 


The solubility in water, the colour, and the odour 
are also noted. 

The determination of phenol in liquefied phenol 
is based on the reaction with standard bromine 
solution. The precipitate formed with bromine 
consists of tribromophenol, and under certain 
conditions partially of tribromphenol bromide 
(see Koppeschaar, Z. anal. Chem. 1876, 15, 233 ; 
Beckurts, Arch. Pharm. 1886, [iii], 24, 562). 
The reactions involved are the following ; 

I. C s H s -OH+3Br 2 =C 6 H,Br 3 -OH+3HBr 

II. C 6 H 5 -OH+4Br 2 =C 6 H 2 Br 3 -OBr+4HBr 

III. C 6 H 2 Br 3 -OBr+2KI=C 6 H 2 Br 3 -OK 

+ KBr+l 2 

In the modem standard method the follow- 
ing reagents are employed : (a) Decinormal 
bromide-bromate solution made by dissolving 
10 g. of potassium bromide and 2-784 g. of 
potassium bromate in distilled water and making 
up to 1,000 c.c. ; (b) decinormal sodium thio- 
sulphate solution. For the titration, 25 c.c. of 
the phenol solution (1-5 g. in 1,000 c.c.) are 
treated with 30 c.c. of the Njl 0 bromide-bromate 
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eolation in a stoppered bottle and 5 c.c. of mined If tho crystallising point is below 45'F, 
concentrated hydrochloric acid are added. The the product is graded as crude cresjhc acid 
contents of the bottle are repeatedly shaken for The product is then tested by submitting 250 c e 
half an hour, after which the bottle is allowed to of the sample to a fractional distillation. \Vhen 
stand for 15 minutes, treated with 5 cc of the thermometer records a temperature of 170°, 
a 20% w/v aqueous solution of potassium tbe distillation is stopped, the phenols in the 
iodide, shaken, and finally titrated with the aqueops distillate salted out and returned to the 
thiosulphate solution to estimate the iodine distillation flask, and the distillation continued, 
liberated. One ec of N/10 bromide-hromate collecting separately (A ) a fraction to 195®, and 
solution is equivalent to 0 001563 g. of phenol. ( B ) a fraction between 195” and 205 C C. Frac- 
The method is accurate when solutions of tion (B) is redistilled and the distillate to 197° 
pure phenol, or mixtures from which the pure is added to fraction (A). To thi3 combined 
phenol can be separated, are to be tested, hub it distillate is added four times its weight of 
fails in the presence of cresols or other phenols phenol, the mixture is heated to remove traces 
(see also Mcssinger and Vortmann, Ber. 1890, 23, of moisture, and the crystallising point is then 
2753 ; Skirrow, J.S C.1. 190S, 27, 58 ; Schryver, determined. The phenol content is then ascer 
J.SC.1. 1899, 18, 553 , Weiss and Downs, Ind tamed by reference to a table. If the 
Eng. Chem. 1917, 9, 569, Fox and Barker, amount of sample available is small, or when tho 
J.S.C.I. 1917. 36, 842T , xbid. 1918, 37, 265T , phenol content of the sample is less than 20%, 
Hoffert, J S.C.I. 1922, 41, 334 T) For a full the colorimetric method due to Chapin (rnd 
discussion on the bromotc-bromide method see Eng. Chem. 1920, 12, 771) may be employed. 
Callan and Henderson (J.S C.1, 1922, 41, IGITj Uses.— Phenol has powerful antiseptic proper- 

Pieters (Chem. Weekblad, 1930, 27, 334), ties, and was formerly largely used as a du- 
Bach (Gas-u. Wasserfach, 1931, 74, 331, and infectant. Its widest use now is in tbe synthetic 
Scott (Ind. Eng. Chem. [Anal ] 1931, 3, 67) have resin (bakehte, q.v.) industry ; phenol condenses 
published methods for determination of phenol with formaldehyde in the presence of acids 
in effluent liquors. and alkalis to form solid resin-like bodies 

Fox and Gauge (J S C.I 1920, 39, 260T) add which are capable of polymerising under 
to the alkaline solution containing the phenols the action of heat into hard non fusible, 
a freshly prepared solution of diazotised sul- relatively inert products, which are good 
phanilic acid and estimate the coupled phenols insulators and which resist chemical action, 
colorimetrioally. Millar and Urbain (Ind. Eng. The phenol resins yield moulding powder* 
Chem. [Anal.] 1930, 2, 123) employ a modified which give less shrinkage as the moulding cooIb 
form of this method, the phenol being quanti- than the corresponding cresol powders, and for 
tatively destroyed by chromic acid and thus this reason are preferred where strict size bunts 
determined by difference. in the finished article are essential. 

Crude carbolic acid “ 60’s ” (see p. 304) is The more important medicinals prepared from 
evaluated by determination of the water content, phenol are aspirin, salicylic acid, methyl eahey- 
specific gravity, residue on distillation, neutral late, sodium salicylate, and phenolphthalein, 
oils and pyridine bases present, and by the m this order. Phenol, through its mtro- and 
modified “ Lowe’s " test Tbe fatter is per- amino- compounds, particularly of salicylic acid, 
formed as follows. 100 c c. of the eample are is used in the aniline dye industry. Thetnmtro- 
slowly distilled from a distillation flask, bulb derivative, picric acid, was formerly much used 
\ capacity 170 cc, and the receiver is changed as a high explosive (lyddite). Other uscb are 
S when all the water and 10 c c. of clear distillate for perfumes, photographic chemicals, plasti- 
/(oil) have collected. The rate of distillation is now cisers (tnphenyl phosphate and cycfohexanol), 
increased to 1 drop per second and 62J c c. are detergents (eyclohexanol), and synthetic tin- 
coffectecf ; the receiver is then changed and mng materials. Thenol has recently been used 
distillation continued until pitching occurs, as on addition agent in copper plating for the 
The distillate of 62f c.c. is then wanned, well purpose of refining the gram size of the deposit, 
shaken, and 20 c.c. placed m a small boding tube A new demand has arisen in the modern solvent 
surrounded by a larger boding tube forming an refining methods for lubricating oils (J. Dickm- 
air bath. Tbe larger tube is immersed in a water son. Oil and Gas J. 1935, 33, [61], 16). Phenol 
bath at a temperature not more than 3°F. below is also used industrially in the form of sodium 
the anticipated crystallising point. The contents phenate. F. 51. P- 

of the inner tube are slowly cooled to about CARBOLINEUM. A brown distillate of 
0 5°F. above the expected crystallising point coal tar used for preserving wood ; anthracene 
as previously approximately determined on a oil (b p. 250°-4C>0 o ) is one of the ingredients, 
separate portion of the distillate and then seeded CAR BO OVEN v. CabboS ; WOOD Chab- 
with a crystal of phenol. The highest tempera- coal. 

ture recorded by the thermometer after crystal- “CARBON” (CARBONADO) v. Abb*- 
lisation has commenced is taken as the crystal- sives. 

lising point. For accurate results it is neccs- CARBON. Sym. C. Atomic numher 
sary to employ- standard apparatus and follow atomic weight 12 00, two isotopes of masse* 
carefully the standardised conditions (cf. B S.I. 12 and 13. It occurs in nature in the free state, 
specification No. 515/1938, S.T.P.T.C. Hand- and very abundantly in combination, notably 
book, 2nd ed.). The standard GO’e carbolic acid m the form of carbon dioxide and carbonates, 
contains 4 5-46% phenol, 15% water, 6% pitch, and as an essential constituent of ah organic 
and the product is sold on a sliding scale basis matter, e g. plant and animal tissues, coal tic. 
related to the crystallising point as above deter- It is twelfth in the series of the relative abon* 
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dance of elements in the earth. It is a tasteless, 
odourless solid, and exhibits great diversity in the 
physical characteristics of its allotropic forms, 
diamond, graphite, and charcoal. It vaporises 
without melting at 3,500°— 4,000°C. (Violle, 
Compt. rend. 1892, 115, 1273 ; 1895, 120, 808 ; 
Crookes, Proc. Roy. Soc. 1905, 76, A, 458 ; 
Moissan, “ Lc Four Pleetrique,” Paris, 1897, 
p. 159); 3,467° (Warmuthy, Wiss. Veroff. 
Siemens-Konz. 1928, 7, 317). In nearly all its 
compounds carbon is tetravalant ; the charac- 
teristic property of union between carbon atoms 
in chains or rings leads to the formation of a 
vast number of organic compounds. It is in 
general chemically inert at ordinary tem- 
peratures, but lampblack and charcoal take 
fire when introduced into fluorine. It unites 
with lij'drogen at very high temperatures to 
form hydrocarbons (Bone and Coward, J.C.S. 
1908, 93, 1975; 1910, 97, 1219; Pring and 
Hutton, ibid. 1906, 89, 1591; 1910, 97, 498). 
At high temperatures it is dissolved by the 
alkaline earth carbides and by platinum, 
rhodium, iridium, and palladium (Kahn, 
Compt. rend. 1906, 143, 49 ; 1907, 144, 197 ; 
Moissan, ibid. 1896, 122, 1479; 1896, 123, 16). 
It reduces alumina at the temperature of 
the electric arc. The affinity of carbon for 
oxygen at high temperatures is responsible 
for its widespread use as a fuel, and as a reducing 
agent in metallurgy. 

Diamond was shown to be combustible by 
members of the Accademia del Cimento in 
1694, and Lavoisier in 1772 found that it 
burnt in air to produce a gas which turned lime- 
water milky. Tennat in 1797 showed that this 
gas was carbon dioxide, and Dumas and Stas 
in 1841 proved that diamond was pure carbon 
in colourless crystals associated with as little 
as 0-05-0'2% of ash. Graphite, as its synonyms, 
blacklead and plumbago, indicate, was long 
considered to be a kind of lead and was often 
confused with molybdenite until C. W. Schcele 
(1779) demonstrated its true nature as a land of 
mineral charcoal. 

Tile specific gravity of diamond is 3-3-3-0, 
whilst that of graphite is 2-1-2-3. Diamonds 
occur sparingly in river beds or embedded in 
“ blue clay ” ; as found, they are rounded 
stones resembling gum arabic in appearance, 
but are cut for gems into shapes such as the rose 
and the brilliant which bear no relation to their 
natural crystalline form. They aro sold by the 
carat, the exact value of which varies in different 
countries ; the international carat is 200 mg. 
The largest known diamond, the Cullinan, 
weighed 3,024 carats before cutting. The 
crystal of the diamond, belonging to the cubic 
system, is often octahedral in habit. Rhombic 
dodecahedral, liexakis-octahedral, and tetra- 
hedral forms are known. X-ray examination 
has shown that in diamond each carbon atom is 
joined to four other atoms by valency bonds 
arranged tetrahcdrally ; the distance between 
adjacent carbon atoms is 1-54 A and the width 
of the hexagon rings is 2-5lA. This tetrahedral 
structure is the prototype of that of aliphatic 
organic compound.,. Crystalline graphite, per- 
fect samples of which arc rare, is hexagonal. 
X-ray analysis shows the carbon atoms are 


arranged in planes, each being situated at the 
corner of a regular hexagon ; the adjacent 
carbon atoms are 1-42A apart, the rings are 
2-46A wide, and the distance between adjacent 
planes is 3 -40 A. This structure, containing the 
plane hexagonal ring, is the prototype of that 
of aromatic compounds. So-called amorphous 
carbon may be graphite in an extremely fine 
state of sub-division ; thus Warren (J. Chem. 
Physics, 1934, 2, 551) has shown that single 
graphite layers mixed with graphite crystals 
exist in carbon black. In a study of the nature 
of industrial coke, Blayden, and Riley (J.S.C.I. 
1935, 54, 159T) survey the evidence for the 
existence of real amorphous carbon and give 
the following data relative to the ease of oxida- 
tion of various forms of carbon by potassium 
dichromate and phosphoric acid at 100°C. 


Diamond 

Mg. of C0 2 evolved 
in 2i hours from 

1 g. of material. 

. . 43 

Graphite .... 

. . 824 

Sugar charcoal . 

. . 42 

Electrode carbon 

. . 1,044 

Wood charcoal . 

. . 328 

Retort carbon . 

. . 258-293 

Anthracite .... 

. . 86 

Pitch coke, gas pitch . 

. . 239 

„ oven pitch . 

. . 284 

Petroleum coke . 

. . 367 


It is suggested that the varying reactivities, 
except that of rvood charcoal, may be due to 
differences in the graphite content of the 
material. 

It has recently been found that there are two 
types of diamond having different optical and 
photo-electric properties (Robertson, Fox, and 
Martin, Phil. Trans. 1934, (A), 232, 463). The 
heat of combustion of diamond is 7,873 g.-cal., 
of graphito 7,840 g.-cal. (W. A. Roth). Dia- 
monds occur in all shades from colourless to 
black, about 5% are flawless. Three varieties 
of diamond are used industrially ; the crystal 
or gem variety, boart or bort, a round form 
with confused crystalline structure, and car- 
bonado, or black diamond carbon, an opaque 
coloured aggregate of small crystals. Car- 
bonado and bort arc regarded as forms inter- 
mediate between diamond and graphite. 

Many attempts have been made to prepare 
artificial diamonds by crystallising carbon from 
fused magmas — a process which may have been 
responsible for the natural production of dia- 
monds. Since diamond is the hardest known 
substance it is a most important, abrasive. 
It is also used for glass-cutting tools and for 
dies for wire-drawing. Thus tantalum, tungsten, 
and osmium filaments are drawn through dia- 
mond dies. Rock-drilling, cutting and polish- 
ing stones are the most important uses of bort 
and carbonado. 

Graphite (seep. 313) is the most stable form of 
carbon at high temperatures and is very resistant 
to chemical action. A characteristic reaction by 
which it may be distinguished from diamond anil 
charcoal is the formation of graphitic acid or 
oxide on treatment with nitric acid and potas- 
! sium chlorate (Brodie’s reagent). For this 
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purpose H. Molssan mixes dry graphite with 
strong nitric acid and then makes successive 
additions of dry chlorate ; the oxidation must 
last for 12 hours and finish at 60°C., yielding a 
yellow solid which retains the form of the 
original material. Graphitic acid, C s O, is 
thermally unstable and decomposes violently 
at 200°C., yielding carbon monoxide, carbon 
dioxide, and a black solid resembling graphite. 
Certain types of graphite need repeated treat- 
ment in order to effect complete conversion to 
graphitic acid. Under like conditions diamond 
is unaffected and charcoal is converted to a 
brown mass soluble m water. Graphite is 
slowly dissolved by a mixture of strong nitric 
and sulphuric acids at 300°C., and by 50% 
caustic potash solution at 350°C. 

Certain natural and synthetic graphites when 
heated after moistening with nitric acid Bhow 
a characteristic swelling. It has been proposed 
to restrict the term graphites to such samples, 
designating a9 graphitites thosB which do not 
swell under like conditions, but it is probable 
that the difference noted is merely duo to 
difference in crystalline form. 

The ignition temperature of graphite in oxygen 
is 650°-700®C, intermediate between that of 
diamond (800 o -875°C.), and amorphous carbon 
(300°-500°C >. The specific heat of graphite in 
g -cals, per g. is 0 152 at 0°C., 0-182 at 40°C., 
0 210 at 80°C., and 0 241 at 130°C. ; that of 
diamond is 0 104 at 0°C.,0 138 at 40°C.,0 188 at 
100®C. and 0 269 at 20O°C. (“ Int. Cnt. Tables,” 
V, P- 94). 

The manufacture of artificial graphite has 
been carried on since 1899 by the Acheson 
Graphite Company at Niagara Falla. Acheson 
had previously developed the manufacture of 
carborundum (silicon carbide) by heating coke 
and sand m an electric resistance furnace to a 
temperature of about 2,000°C. ; on heatmg the 
product to a still higher temperature he found 
that the carbide decomposed and the silicon 
volatilised away leaving carbon in the form of 
.ihite. lie then developed a process m which 
’ on was heated in association with one or 
, ore oxides to a temperature high enough to 
cause a chemical reaction between the con- 
stituents and then continued heatmg until the 
combined carbon separated in the form of 
graphite, such elements as iron, aluminium, and 
silicon being removed by volatilisation. Subse- 
quently it was found that anthracite coal could 
be used, the necessary metallic constituent being 
supplied by the ash present in the coal. Since 
much les9 than the theoretical amount of metal 
to form carbide with the carbon is necessary, it 
is supposed that the action is catalytic. In an 
important application of Acheson’s discovery 
carbons for batteries, electrodes, arc lights, etc , 
are graphitised in order to increase their electrical 
conductivity. Thus petroleum coke may be 
moulded in admixture w ith tar or molasses, and 
silica or iron oxide ; the baked product is then 
graphitised in the electric furnace. For use in 
the lubrication of machinery the finest material 
free from hard particles is used. For thu pur- 
pose it is conveniently employed in the form of 
colloidal graphite, known commercially as 
Aquadag and Oildag, which consist of de 


flocculated Acheson graphite suspended in 
tannin and water or oil. 

H. N. Kay (Oil and Colour Trades J. 1928, 
73, 662) gives a survey of the varieties of 
graphite, their properties and uses. 

Wood Charcoal is an impure form of carbon 
which is obtained when wood is burnt in a 
limited supply of air or when it is carbonised m 
closed vessels. It is a brittle, porous, black solid 
which retains the structure of the wood from 
which it is made and ha9 a conchoidal fracture. 
Its true specific gravity vanes from 1-3 to 1 9, 
its apparent specifio gravity from 02 to 05 
The heat of combustion is about 8,000 g cal 
It has remarkable properties for decolorising 
certain liquids and for adsorbing gases (see 
p. 315) On heating with an excess of strong 
sulphuric acid at 280°-300°C. charcoal yields 
mcllitic acid (benzene hexa carboxylic acid) and 
the anhydnde of pyromtUilic acid (benzene tetra- 
carboxylic acid). Charcoal is more resistant 
than wood to influences responsible for the 
decay of timber and for this reason piles and 
stakes are often charred superficially before 
being driven into the ground. 

The process of “ coaling wood ” has been 
carried on since very early times for the pro 
duction of charcoal and its important by- 
products, the charcoal itself being used chiefly 
as a fuel and for bla9t-furnace work. The most 
primitive method involves the construction of 
large circular stacks of wood (the German 
Metier) ; in the eighteenth century “Meiler" 
ovens were introduced and later bnck kilns, 
and then iron retorts were used. Important 
by-products of wood carbonisation are wood tar, 
(Stockholm tar is made from pine wood), wood 
spirit containing methyl alcohol and pyro- 
ligneous acid, impure acetic acid. In spit* 
of the recent synthetic production of methyl 
alcohol and acetic acid it has been found 
possible to operate profitably wood carbonisation 
with by product recovery where a supply of 
wood at a sufficiently low cost is available. 
Frequently the by-products of wood distillation 
are of greater importance than the charcoal itself 
Where it is intended to recover by-products 
deeiduouB w ood is preferred, since it gives high 
yields o f acetic acid and methyl alcohol; 
Metier charcoal, however, is chiefly prepared 
from coniferous wood by a process of controlled 
burning which does not permit of adequate by- 
product recoveiy. . 

There are three well marked phases in the 
destructive distillation of wood. First, as the 
temperature rises to 170°C. the distillation ot 
water occurs, then, at temperatures up to 27(FO. 
there occurs a preliminary decomposition result- 
ing in the liberation of w ater, carbon 
and carbon monoxide, and finally, at still higher 
temperatures, a vigorous exothermio reaction 
sets m, tar distils off, and carbonisation pro- 
ceeds. A temperature of at least 350°C. mo» l 
be reached if an odourless product is require®- 
At 400’C. retort charcoal in a yield of about 30% 
by weight is obtained, having an approxim* * 
composition of C.H.O, and may contain abou 
1% of ash. Meiler charcoal is produced at abou 
60<rC. and has a formula approximating W 
C] ( H,0 ; since it has greater strength ana » 
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lower content of volatile matter it is more suit- 
able for blast-furnace work. Such charcoals 
must be regarded as highly reactive forms of 
carbon ; thus when used as a fuel wood charcoal 
is noticeably more combustible than a reactive 
low-temperature coke. Even at ordinary tem- 
peratures retort charcoal shows a definite 
adsorption of oxygen from the air and this 
reactivity increases rapidly with a rise of tem- 
perature. It will be evident, therefore, that in 
preparing such material the charge must be well 
cooled before free access of air is permitted. 
It is possible that the initial adsorption of 
oxygen by charcoal results in the formation of 
a substance having the nature of a peroxide. 

In constructing the Metier the wood was 
formerly stacked in a horizontal position, but 
it is now usually arranged vertically. The 
dried wood is stacked in the form of a circular 
mound having an open shaft in the centre to act 
as a chimney ; the whole is covered with earth 
and small air inlets are made round the peri- 
phery. The average size of the Meiler used in 
Germnny, Italy, and Sweden is about 200 
cu. yds. A fire is lighted in the central air 
shaft and tho air supply is adjusted to ensure 
slow combustion. In the earlier stages wood is 
fed on repeatedly and when the upper part of 
the wood is thoroughly dry, the exothermic 
reaction sets in, distillation begins, and the sides 
of the stack “ sweat.” In the next stage the 
draught holes are stopped to allow carbonisation 
to proceed in the presence of less air, and 
subsequently they are opened again. When the 
gases rising from the stack arc no longer smoky, 
but clear and blue, carbonisation is completed, 
a process which may last 14-20 days ; the 
stack is then cautiously quenched. The yield 
of charcoal is about 26% by weight or 60% 
by volume of the wood used. 

Charcoal kilns, formerly much used in North 
America, are operated in a similar way to the 
Meiler. They are brickwork chambers of beehive 
or rectangular shape and have a capacity of 
250-400 cu. yds. Wood is fed in at the 
top, where the charge is then fired, draught being 
controlled by holes round the base which may 
be closed with bricks. When true carbonisation 
sets in the products which distil off may be led 
nway to condensers. There are 20 or more such 
kilns in a battery. Where forced draught fans 
aro used the time of carbonisation may be 
reduced from 3 to 2 weeks. In such ovens as 
the Schwartz a system of oxtemnl firing is used ; 
wood is charged and charcoal is later discharged 
through doors in the side of a brickwork oven 
in tho base of which is a fireplace, the burning 
gases from which pass into the charge of wood. 
The volatile products may be utilised for the 
partial recovery of by-products. 

Where tho process of wood carbonisation is 
operated for full by-product recovery, methods 
arc used similar to those employed in the coal 
carbonising industries. In Sweden and I'inlnnd 
tube ovens are employed in which the products 
of combustion from the furnaces pass through 
tubes which arc surrounded by the wood to be 
carbonised, but the plant most commonly used 
in America, Germnny, France, Belgium, and 
Austria is a small horizontal iron retort about 


3 ft. wide and 10 ft. long. The volatile products 
are passed through condensers to recover by- 
products and the gas leaving the condensers is 
used for heating the retort. Pairs of such retorts 
are arranged on either side of the furnace, and 
an installation may consist of 30-120 of such 
retorts. Stationary or movable vertical retorts 
are also used. 

In order to reduce the cost of operating such 
retorts the Carbo oven has been introduced in 
Sweden. This is a large, vertical, iron cylinder 
having a capacity of about 500 cu. yds., the base 
of which is constructed of brickwork ; from the 
furnace at one side the heating gases pass round 
the outside of the retort and away to a chimney. 
Charging lids are fitted in the top and a dis- 
charging door at the bottom. For the purpose 
of minimising the labour of charging and dis- 
charging continuously-operating plants havo 
been built, thus, in the American car retort, wood 
is loaded on to a waggon which is then run into 
a retort capable of holding 4-5 such waggons. 
When carbonisation is complete the charge is 
withdrawn and a fresh one introduced. 

In certain countries where a plentiful supply 
of wood is available attempts are being made to 
utilise wood charcoal for driving motor cars. 
For this purpose it is burnt to producer gas in 
built-in producers. Rennie (Trans. Inst. Eng., 
Australia, 1930, 2, 101) has shown that 16 lb. 
of charcoal are equivalent to 1 gallon of petrol. 

Animal Charcoal, or Bone Char, is manu- 
factured by the carbonisation of bones in closed 
horizontal or vertical iron retorts. The crushed 
bones aro treated with superheated steam or 
extracted with naphtha to remove fat and oil 
and aro then placed in the retorts where they 
are carbonised at a red-heat, the by-products, 
bone oil, ammonia, and gas, being treated by 
methods similar to those used in gas works 
practice. The product, the yield of which is 
about 60% of the weight of the bones, is cooled 
in air-tight containers, crushed, and screened to 
the desired sizes. It should contain from 9 to 
11% of carbon, the residue being tri-calcium 
phosphate (about 75%), calcium carbonate, 
magnesium phosphate, and other mineral and 
nitrogenous matter. The carbonaceous material 
may bo concentrated by digestion with hydro- 
chloric acid to dissolve out mineral matter, 
yielding a residue known as Ivory Black, which 
is used as a pigment or for the purification of 
fine chemicals or wines when the use of ordinary 
bone black is inadmissible. The most important 
industrial application of animal charcoal is for 
the refining and decolorisation of sugar, a 
practice which was introduced by Derosno in 
1812 (see Charcoal, active, p. 315). Horton 
(Ind. Eng. Chem. 1923, 15, 519) suggests that 
bone char owes its power of removing colour 
to the presence of active carbon and that the 
nitrogenous organic matter present serves as a 
reserve to supply fresh carbon on ignition. In 
practice it is customary when the adsorptive 
capacity shows an appreciable decrease to sub- 
mit the charcoal to a process of regeneration, 
usually heating to redness, so that it is possible 
to use it for as long as 2 years, after which it is 
used ns a pigment or a fertiliser. Results of 
comparative studies of bone char and the newer 
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carbons are described in the Annual Reports monopoly, the chief importers being the Viulrf 
of the Society of Chemical Industry (1924, 9, Kingdom, France, Germany, and Canada 
463 ; 1925, 10, 469 ; 1927. 12. 503). It is customary before burning the gas for the 

Lampblack or Soot is prepared by burning production of black to treat it for the recovery 
oil, tar or resm m a limited supply of air. of gasoline. Of the black made m Amenca Sti- 
lt bos been manufactured for very many years 90% is produced by the channel process, which, 
in Egypt and China, being valued for its intense whilst admittedly extravagant in respect 
black colour. A special variety’ of lampblack of the amount of gas used, gives a product 
known as carbon black (see below) is formed superior to that produced by other processes, 
when ga3 burning in insufficient atr impinges on The plant is housed in long, low buildings from 
a metal or stone plate, there being a striking 100 to 150 ft. long, 10 ft. wide, and 9-10 ft. 
improvement in colour and tinctorial strength high. A factory may consist of from 20 to 70 
Both of these products consist essentially' of of such hot houses. Inside each house is a senes 
carbon and the difference in their nature is not of iron channels 6-8 ft. wide, about 100 ft. lone, 
clearly understood , for industrial purposes and about 6 ft. from the ground ; these channels 
their value is assessed by empirical tests. move slowly backwards and forwards whilst the 

Early methods of making lampblack were flames of the burning gas impinge on them from 
extraordinarily crude Heated resm was ignited a row of burners below. The deposited black 
and the products led into tents lined with is removed mechanically by means of iron 
sheepskin, from which the deposited black was scrapers and falls into hoppers below, from which 
collected periodically Later improv ed methods it passes into spiral conveyors. The channels 
were developed tn winch smoke generated >n a are suspended from trucks running backwards 
furnace was passed into a tower with a conical and forwards on overhead rails. Slide doors in 
roof, through the top of which the waste gases the bottom of the house permit control of the air 
escaped. admitted for combustion and ventilators m the 

In modem procedure tar oils, particularly roof facilitate draught control and escape of 
creosote od or petroleum oils, are burnt m a the waste products of combustion. The col 
bnck or atone furnace. Air is admitted in care- lected black is carefully screened to remove gnt 
fully regulated amounts and the oil is vaporised and coarse material before packing. The aversgs 
by feeding it on to heated plates. From the yield by this process is 1 lb. per 1,000 cu. ft 
furnace the smoko is passed into a senes of of gas, the product being very glossy and of 
chambers in w hich baffles are built. Periodically intense colour. 

the chambers are allowed to cool down so that In another process gas is burnt in a senes of 
the product may be removed, care being needed soap stone burners and the flame impinges on » 
as the lampblack is pyrophoric. small rotating iron disc of about 3 ft diameter. 

Lampblack has for long been the basis of ink Carbon is scraped off continuously and falls into 
pigments, but for printing inks it has been a hopper below. 

largely displaced by carbon black. Both pro- Neal and Pcrrott (U.S. Bureau of Mimm, Bull, 
ducts are used for black paint pigments. 1922, p. 192 ; J.S C.1. 1922, 41, 770A) survey the 

Thermatomlc Black is obtained by the manufacture, properties and uses of carbon 
thermal decomposition of hydrocarbons. A. W. black, giving analyses of blacks of proprietary 
Francis (Ind. Eng. Chem. 1931, 23, 612) states makes and a bibliography of patent and technical 
that yields aa high as 30-40% mar be obtained, literature. Dawson and Hartshorn (Trans lint 
hut that the product is inferior in tinctorial Rubber Ind 1930, 5, 48) have made a chemical, 
^ power and unfit for use ns printers’ ink. It finds physical, and mechanical examination of lamp- 
l limited use in rubber compounding, chiefly in the black, carbon black, and acetylene black (made 
side walls of tyres. by the explosive combustion of purified accty- 

Carbon Black.or Gas Black, was first used lene in closed chambers). As shown below, 
chiefly in place of lampblack for printing inks, lampblack is the least pure form of carbon : 
but when, during the Great War, difficulties were 

experienced in the United States in obtaining Sp gr of 

zme oxide as a filler for rubber, it was found by Acetvlcne black . . . 1 *S0 _9" ® - 

the B. F. Goodrich Co. that carbon black had Gas black 1*77 

valuable qualities for improving the mechanical Lampblack . . . 1-78 91 4-961 

properties of rubber. It may bo noted that thu 

property had already been revealed in English Gas black has a particle size of 0 1 - 02 ^. lamp- 
patents The American industry developed so black is coarser and has inferior reinforcing 
rapidly that, according to statistics issued by the qualities. Drogin (India rubber J , 1933,90,259) 
U.S. Bureau of Nines, the production in 1935 describes methods for manufacturing carbon 
amounted to 332,749,000 lb. The Panhandle black. The natural gas should preferable « 
district of North Texas was responsible for 75% low in nitrogen content and relatively free from 
ofthis production, and 90% of it was used for the hydrogen sulphide. Gasoline recovery w Ar ’ 
reinforcement of rubber. It is estimated that sirable for economic reasons and for the pro- 
this production of black involved the burning of duction of a more uniform gas In the channel 
229x10’ cu. ft. of natural gas. The consumption process the construction of the rpectil t* r 
of natural gas for this purpose is limited to burner tips has an important influence on ln f 
locations where it cannot be disposed of more quality and yield of black. , . 

profitably an a fuel. Owing to the low cost of There is some production of carbon black 1 
production and the high quality of the product, Rus«ia and production was started in Fordo 
the industry became virtually an American bj the Japan Petroleum Co. m 1931. 
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Belgium “ carbonnlplia ” is made from carbon 
monoxide, which is decomposed catalytically to 
carbon and carbon dioxide (Chem. Trade J. 
1936, 99, 153). Strenuous efforts in Germany 
have resulted in commercial production of a 
black equal in quality to the American product, 
but considerably higher in price. In B.P. 
450876 of 1935 the I.G. Farbenindustrie A.-G. 
protects the production of carbon black by the 
catalytic dehydrogenation of hydrocarbons such 
ns benzene and naphthalene. Dittrich (Brenn- 
Btoff-Chem. 1935, 18, 121) surreys the pro- 
duction, properties, and testing of various blacks 
with particular reference to German develop- 
ment work ; ho includes a bibliography. Re- 
views of more important recent developments 
in the manufacture of carbon black and of 
studies of its use as a compounding ingredient 
for reinforcing rubber will be found in recent 
issues of tho 11 Annual Reports of the Society of 
Chemical Industry.” 

It is customary to compress carbon black 
before sale so that 22-24 lb. are contained in a 
cubic foot instead of 10-1 3 lb. in the uncom- 
pressed state. To reduce the dustiness of the 
product it may be prepared in a special granular 
form. 

Amounts up to 40% are added to rubber for 
mechanical reinforcement. Whereas the tensile 
strength of a rubber-sulphur mixture is 1,150 lb., 
the addition of 35% of black increases it to 
4,0001b. 

Recent work has led to the introduction of 
black of higher colour intensity which is finding 
wider applications in paints, plastics, and films. 
Tho production of these improved products 
involves the use of special burning conditions, 
and ns tho yield is much lower tho products aro 
more expensive, but at the samo time the dura- 
bility of tho paint film is favourably affected. 
Tho following British Standard Specifications 
have been issued for varieties of carbon used 
as paints : 

1927 284 Carbon black. 

„ 285 Bone black. 

., 286 Vegetable black. 

„ 287 Lampblack. 

,, 288 Mineral black. 

Revisions are in course of preparation. 

Tho carbon electrode was first employed by 
Sir Humphry Davy, who used two rods of 
enrbonised wood to produce an electric arc. 
Later, in 1844, Foucault used for the same pur- 
pose rods sawn from retort carbon, the dense 
carbonaceous mass which gradually accumu- 
lates in coal gas retorts. Staitc and Edwards 
in 1846 patented tho use of sugar as a binding 
agent for coke, the moulded mixture being 
cemented together by baking, and this is in 
essence the principle which is now employed for 
manufacturing purposes. Tho process acquired 
technical importance for tho manufacture of 
carbons for arc-lighting, and later of electrodes 
for electric furnaces, and for the preparation of 
aluminium, magnesium, caustic and alkali, 
chlorine, etc., ns well as of calcium carbide, 
graphite, carborundum, carbon disulphide, cyana- 
mide, etc. Mnntcll (“ Industrial Carbon.” Chap- 
man & Hall, Ltd., London. 192S) gives the total 


annual value of furnace electrodes in America at 
over 810,000,000, next in importance being 
Germany, the United Kingdom, and France ; he 
describes an electrode made by the National 
Carbon Co. of America which was 9 ft. long, 
40 in. in diameter, and weighed 8,000 lb. 

As has been indicated above, the essential 
principle of electrode manufacture is admixture 
of the basic material with the binding agent, 
moulding, and baking. The basic material is 
usually either coal or coke. Bituminous coal is 
little used owing to its high content of volatile 
matter and ash, but anthracite is used ex- 
tensively. Gas coke may be used where con- 
tamination of the product is unimportant, e.g. 
in the production of calcium carbide, but for the 
purest carbons it is customary to use petroleum 
coke or pitch coke. The former product is 
obtained in the intermittent process of petroleum 
distillation, the latter by the carbonisation of 
pitch. Retort carbon is used more particularly 
for making carbon brushes. The binding 
materials most frequently used now are coal 
tar, water gas tar, and pitch. Tars are largely 
used in making moulded electrodes, whereas 
pitch is used in tho extrusion process. Before 
mixing in the binder it is necessary to calcine 
the basic material to expel volatile matter, 
which is effected by heating in an electric furnace 
or a gas-heated oven of the continuous vertical 
retort type. The product is submitted to a 
process of grinding to produce a suitably graded 
material, which is then mixed with the necessary' 
quantity of binder. The electrode is shaped, 
cither by high compression in a mould or by- 
forcing the mixture under hydraulic pressure 
through a die — the so-called extrusion process. 
The product is then baked to a temperature of 
about I,000°C. to decompose the binding 
material and finally the article is cleaned and 
tested to determine the electrical resistance. 

Graphite electrodes aro prepared by sub- 
mitting ordinary electrodes to the Acheson 
graphitisation process in an electric furnace. 
As their electrical resistance is about one-fourth 
that of ordinary electrodes, they are used in 
processes where low resistance is essential, for 
example, in the electrolytic production of 
chlorine and caustic soda. Carbon brushes and 
arc-light carbons are made by methods es- 
sentially the samo as that employed for elec- 
trodes. In the Soderberg continuous system tho 
electrode is prepared in the furnace in which it 
is subsequently used by forcing into the upper 
part of the fumace an unbaked mixture of carbon 
and tar. Baking of the electrode occurs as it 
passes down into the furnace. R. C. 

GRAPHITE. 

A form of carbon crystallised in the rhom- 
bohedral system, known also as plumbago, and 
popularly as black-lead. It occurs usually ns 
compact and crystalline masses, but occasionally 
as six-sided tabular or scaly crystals which 
cleave into flexible laminar parallel to the basal 
plane. It is iron-black or steel-grey in colour, 
with metallic lustre, and has a sp.gr. of 2-25. 
In consequence of its softness (H.= l) and the 
case with which it produces a black streak 
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w hen rubbed on paper, it is largely used in the 
manufacture of pencils whence the name 
“ graphite " given to it by Werner, from ypd<f>ia 
(I write). It was formerly called molybd&na, 
and confused with molybdenite (MoSj), a 
mineral which also gives a black mark on 
paper. (On the history of these names, and 
of plumbago, v. J. W. Evans, Trans. Philological 
Soc. 1008, 133.) Graphite seems to have been 
first recognised as a distinct mineral by Gessner, 
who figured a lead pencil in 1565 (Roscoe) 
Scheele in 1779 showed that graphite was a 
kind of mineral carbon, since it could be con 
verted into carbon dioxide by the action of 
nitric acid As the carbon is usually associated 
with more or less iron, the older mineralogists 
described the mineral as a “ carburet of iron," 
but Vanuxem demonstrated that the iron w 
present as ferric oxide and not as a carbide 
The ash left on the combustion of graphite 
usually contains, m addition to the feme oxide, 
silica, alumina, and lime 

Exposed on platinum foil to the flame of the 
blowpipe, graphite burns, but often with more 
difficulty than diamond. When heated with a 
mixture of potassium dichromate and sulphuric 
acid, it disappears. In order to obtain per- 
fectly pure graphite, the mineral is first ground 
and washed to remove earthy matter, and then 
treated, according to Brodie’s method, with 
potassium chlorate and sulphuric acid ; on sub 
jeeting the resulting product to a red heat pure 
carbon is obtained in a remarkably fine state of 
division. 

The following analyses are selected from a 
large number by C. Mine (Compt. rend. 1867, 
64, 1091) : 


— 

1 

II. 

III. 

IV 

Carbon 
Volatile mat- 

91 55 

81 08 

79 40 

78 48 

terB 

1 10 

7 30 

6 10 

1-82 

Aab . . . 

7 35 

11-62 

15 50 

19 70 


100 00 

100 00 

100 00 

100 00 
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I. Very fine Cumberland graphite. II. Gra- 
phite from Fassau, Bavaria. III. Crystallised 
graphite from Ceylon. IV. Graphite from 
Buckingham, Quebec. 

Graphite when used for pencils is frequently 
mixed, an a powdered state, with pure clay, and 
the mixture consolidated by hydraulic pressure. 
It is also sometimes mixed with sulphur or 
with antimony sulphide. The finest pencil lead 
was yielded by the ancient mine at Borrowdale 
in Cumberland, where it occurred in pipes, 
strings and irregular masses or ** sops," 
associated with a dyke of diorlto and with 
intrusive masses of diabase, in the Cambro- 
Silurian volcanic senes know n as “ the green 
slates and porphyries." The Cumberland gra- 
phite was formerly termed *' wad," a name some- 
times applied also to native oxide of manganese, 
(For description or the old Borrowdale workings 
t. J. C. Ward in Mem. Ceol. Survey on Lake 


District, 1876.) A small amount of graphite hu 
been obtained from the Craig man mine, near 
Cumnock in Ayrshire ; here the mineral usually 
exhibits a columnar structure, and has been 
produced by the baking action of dykes of 
igneous rock on seams of coal (i. Special Reports 
on the Mineral Resources of Great BnUm, 
Mem. Geol Survey', vol. v, 2nd ed., 1917). 

Excellent graphite 13 found in Siberia, espc 
cially at the Maninoskoi mine, in the Tunkinsli 
Mountains, Irkutsk. This deposit, discovered 
in 1838, occurs in gneiss, associated with diorita j 
it has been largely worked by M. Ahbert to 
supply Faber’s pencil factory. In 1860 graphite 
was discovered in granite near the Lower 
Tungusska river, and workings were undertaken 
by M Siderov. (For Russian graphite * N 
Koksharov, Materialien z. Mineralogie Russ- 
ia nds, 1862, 4, 153, where analyses are given) 

The best quality of flake graphito found m 
large quantities is that from Ceylon The 
mineral is widely distributed through thewestem 
and north western provinces of the island, and 
is obtained from a large number of small pits, 
there being but few mines of any size. The 
output is variable — 10,000-30,000 tons per 
annum , in 1016 it was 33,400 tons, valued at 
£1,500,000. (On the graphite deposits of 
Cejlon, v A K Coomara SuAmy, Mmeralogical 
Survey of Ceylon, 1903, etc ; Quart J. Geol 
Soc 1900, 56, 590.) In India, graphite is found 
at several localities, chiefly in the Madras 
Presidency, tho best coming from Travancore, 
but ev en this is inferior to that from Ceylon. 

In the United States, graphite is widely 
distributed, but rarely in sufficient quantity to 
be worked The principal locality is Ticon 
deroga, in Essex Co , New York, where the 
Dixon Crucible Co. have worked a schist con 
taming about 10% of graphite. It has al*o been 
worked to a limited extent near Raleigh, North 
Carolina ; at Stourbridge, Mass. ; at Cumber 
land Hill in Rhode Island ; and at Sonora in C«0 
forma. The graphite “ ores ” are crushed or 
stamped, and then washed, whereby the flakes 
of graphite are readily separated from the denser 
matrix. In the Laurentian gheiss of Canada, 
graphite is ol frequent occurrence, mih * 
worked at some places, as at the Buckingham 
mines, Ottawa Co., Quebec. The mineral U 
usually found in veins and nodular masses, or 
finely disseminated through bands of limestone 
It is widely distributed in the gne,ssic rocks of 
Madagascar, and is there mined at a number ol 
localities, with an output of 10,000-30,000 tons 
per annum. Graphite is abo extensively mined 
at several places in Korea, where the deposits 
have the form of beds, nests, stocks, and vein* 
in gneiss and metamorphosed Palaeozoic sen* 
metits. 

In Europe, extensive deposits of grapoioc 
schists occur in the Eastern Alps and in toe 
mountainous region (Bohmerwald) between 
Bohemia and Bavaria. These are extensive y 
mined in Bohemia, Moravia, Lower Aus'W. 
and Styria, where the annual output has reach 
50,000 tons ; but the material is amorphous ami 
of inferior quality, containing often 50% of** 
Considerable amounts are also obtained at 
well known locality at Passau in Bavana » 
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in the north of Italy. (On Alpine Occurrences 
of Graphite v. E. Weinschenk, Abhandl. bayer. 
Akad. Wiss. 1898, 19, 609, 621 ; 1901, 21, 
279.) 

Daubree obtained graphite artificially by 
decomposing carbon disulphide in contact with 
metallic iron at a high temperature ; while 
H. Sainte-Claire Deville prepared it by passing 
carbon tetrachloride vapour over fused cast 
iron. Crystalline graphite is often formed in 
blast-furnace slag during iron smelting, and is 
known to workmen as Irish ; and it is pre- 
sent in grey pig iron. Considerable quantities 
of graphite are now produced commercially, 
together with carborundum, in the electric 
furnace (see p. 310). The artificial production 
of graphite (as well as various properties of the 
natural mineral) is dealt with by H. Moissan 
(“The Electric Furnace,” London, 1904). 
Graphite also occurs in certain meteoric irons, 
such as that of Toluca in Mexico. A cubic form 
of graphite carbon, discovered in a meteoric iron 
from Youndegin, Western Australia, has been 
described by Fletcher under the name of 
Cliftonile (Min. Mag. 1887, 7, 121). 

In consequence of its refractory character, 
graphite is largely used in the manufacture of 
crucibles, retorts, twyers, and other objects re- 
quired to withstand high temperatures. For 
crucibles, the powdered mineral is mixed with 
Stourbridge fireclay, and made into a paste 
with water ; the kneaded mass is allowed to lie 
for many weeks before the crucible is moulded ; 
the vessel when moulded is slowly dried, and 
carefully fired in a saggar. 

As a lubricating agent graphite is highly 
valued, since it diminishes friction and tends to 
keep the moving surfaces cool. To obtain the 
best results the powdered mineral should be 
carefully selected and sized. For steam cylin- 
ders it is used dry ; for heav£ bearings it is 
mixed with grease ; and for fight bearings with 
oil. Made into a paint with linseed oil, it has 
been advantageously employed as a coating for 
metal work. Graphite is also used dry for 
polishing stoves and other objects of cast iron, 
the thin flakes forming a lustrous coating which 
protects the metal. Blasting powder and heavy 
ordnance powders are likewise glazed with 
graphite, for though it slightly diminishes the 
explosive force of the powder it protects it from 
damp. Being a good conductor of electricity, 
graphite is used in electrotyping, as originally 
suggested by Murray ; the moulds upon which 
the metal is to bo deposited receiving a conduct- 
ing Burfaco by being coated with finely divided 
graphite. 

For the method of rapidly analysing graphite 
in use at the Pittsburgh Laboratory of the 
U.S. Bureau of Mines, see U.S. Bur. Mines, Bull. 
1920, 112, 43 ; J.S.C.I. 1921, 40, 79, A. 

E. Donath, “ Der Graphit, eino chcmisch- 
technische Monographic,” Leipzig and Wien, 
1904 ; Graphite, Imp. Mineral Resources 
Bureau, London, 1923 ; II. S, Spence, Graphite, 
Dept, of Mines, Ottawa, 1920, Publ. No. 511 ; 
A. Hnenig, “ Der Graphit, eino technischo Mono- 
graphic,” Wien and Leipzig, 1910 ; O. Stutzer, 
“ Die wiehtigsten Lagerstiit ten der ‘ Nich t-Erze,’ ” 
2nd ed., vol. 5, Berlin, 1933. L. J. S. 


CHARCOAL, ACTIVE. 

The nam e active charcoal, or active carbon which 
is often used, is applied to a heterogeneous group 
of products consisting essentially of amorphous 
carbon with varying amounts of ash and possess- 
ing in an enhanced degree the adsorbent 
properties of wood and animal charcoals (q. v.). 
These products were unknown before the War 
and owe their existence mainly to the efforts 
then made to produce an efficient adsorbent 
for toxic gases at a sufficiently low cost. A 
few special decolourising carbons, however, were 
marketed prior to 1914. Consequent on war- 
time experience- many new uses have been 
found for active charcoal and at the present 
time it is a material of considerable industrial 
importance and the subject of numerous patents. 

Various industrial carbons are now on the 
market under different trade names. These are 
either in the form of extruded pellets or of 
granules or fine powders. They may con- 
veniently be divided into two types: (1) the gas- 
activated type, (2) the chemically activated 
type. The two types differ in the general form 
of the adsorption isothermal, i.e. in the particular 
way in which activity varies with sorbate 
concentration or partial pressure. Gas-activated 
charcoals are particularly efficient at low- 
pressures while chemically activated charcoals, 
in general, are not so efficient. Care must be 
taken to select the right type of charcoal for 
the operation in view. 

Manufacture. — Any carbonaceous material 
which yields a coke on being heated or otherwise 
carbonised, e.g. wood, coal, nutshell, peat, sugar, 
can be used as source of active charcoal, but the 
raw materials most commonly employed in its 
manufacturearo peat, wood, and coal (O. Kausch, 
“ Die aktive Kohle,” 1928, Erganz-Band, 1932, 
Wilhelm Knapp, Halle, a.S.). The procedure 
varies considerably according to the process 
adopted, but it involves at some stage or other 

(а) the production of porous, amorphous carbon, 

(б) the activation or surface cleaning of this 
carbon. Manufacturing processes fall under 
three headings : (1) direct processes, (2) briquet- 
ting processes, (3) chemical processes. It 
should be noted that direct processes as used 
during the War have now been to some extent 
overshadowed by chemical and briquetting pro- 
cesses, but a description of them is included since 
they might assume a greater importance if and 
when occasion arises. 

(1) Direct Processes . — Two separate operations 
are involved : (i) the carbonisation of the raw 
materials in carbonising plant, (ii) the activation 
of the resulting charcoal in similar or special 
plant. In this country the raw materials 
(birchwood chips, nutshell, or vegetable ivory) 
were carbonised for 2-6 hours at 1,000°C. in 
horizontal or inclined gas retorts and the 
resulting charcoal extracted and quenched. 
It was then crushed and screened to |-in. 
particles, charged into a second retort, and 
either (a) heated in the closed retort for 10-20 
hours at 1,000°C. in presence of steam and air 
or (6) heated in a current of steam for 3-10 hours 
at 1 ,000°C. Moderately active charcoals were 
obtained in yields of 10-14% of the raw material 
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used. In America, fruit stones, nutshell or ineffective below S00°C. and is commorJr 
anthracite coal were used and the procedure employed at temperatures between 830° 
differed somewhat in the activation stage 950°C. Air is effective at temperatures as lot 
(Dorsey, Ind. Eng. Chem. 1919, 11, 281 ; Lamb, as 350°C , but since the reaction is esothertmc 
Wilson, and Chaney, ibid. 420). Two methods control is more difficult and m addition the 
of activation were used In the first method products are more friable than those obtains! 
the crushed, unactivatcd material was passed with steam. Air is now rarely used alow 
continuously through a special vertical acti- Mixtures of steam and air and of steam anJ 
vat mg chamber. This consisted of a 7 m. carbon dioxide are mentioned in the him 
mchrome reaction tube surrounded by an ture. According to B.P. 3S7778, 1930, the 
outer retort m which gas was burnt, and having addition of 0% of oxygen to steam reduces tit 
a perforated mchrome steam tube along its activation temperature to 500°-600°C. which » 
centre line The charcoal was heated to 800°- maintained by the heat of reaction. Sulphur 
l.OQCrC. by the combustion of gas m tbe outer \ apour is mentioned as an actirator m BP 
retort, while superheated steam was admitted 224521, 1924; 270505, 1926. 
to the heated central column. In the second (2) Briquetting Processes . — Few raw material! 
method {“ Static ” activation) the crushed, have the necessary density and structure for 
tarbomsed material was packed into shallow, direct conversion into active charcoal. GeneraDj 
refractory trays arranged m banks on a steel the products are fnable and the yields low. Aj 
truck which was wheeled into an internally mentioned above only one class of coal is suit- 
gas. fired kiln. This was then sealed and the able for use in the direct process. The to 
charcoal heated to 850°C. for 4 hours, water ployment of briquetting in manufacture greatly 
being continuously admitted at a cool part of widens the choice of raw materials and at tit 
the kiln. A higher yield and more uniform same time increases the yield and hardness of 
product was obtained by this method. the products obtained therefrom. The m 

Recently the direct method of manufacturing matenals may be briquetted under pressure 
active charcoal from coal in gas-making plant and then carbonised and activated ; more often 
has been re investigated (Communication from they are first carbonised and finely ground site 
the Fuel Research Station, J.S C I. 1936, 55, which they are agglomerated with a binder nel 
223T). According to this communication it is as tar, pitch, petroleum oils, etc., subdivided 
essential (a) to use a non-swelling coal, (b) to recarbomsed, and finally activated. Differed 
carbonise at temperatures between 450° and raw materials or cokes may be blended by the* 
600 g C., and (c) to activate with steam at 950°C. method. Bituminous and anthracitic cosh 
The coal is crushed and screened to 1-J in carbon black, petroleum coke, etc , may be 
pieces which yield a coke of suitable size for converted by this method into satisfactory 
activation. Unless low temperature retorts charcoals with yields up to 25% of the rev 
are available special arrangements require to material taken (U.S. Bur. Mines, Bull Ted 
be made to keep tbe carbonisation temperature Papers No. 479, 1930). 
at the desired level. Activation is carried out The well known product A’ont is a steafl 
in continuous vertical retorts one of which may activated, briquetted charcoal (B.P. 19s3.i 
bo made to serve as a superheater for the steam, and 206862, 1923 ; 228954 and 247211, 1M- 
The most active product is o blamed by steaming Beechwood charcoal is pulverised and ic«v 
the coke at OSO^C. untd 75% of it has been porated with an equal weight of wood tariw 
gasified, which requires 200-300% of steam. 1% NaOH, the mixture then being compress™ 
With a suitable coal highly active products can under high pressure into pellets. These w 
be obtained m y ields of about 12j% of the lump packed into wire shelves on a truck which® 
coal taken. wheeled into a kiln heated by waste gsws » 

The importance of a low carbonisation tem- 100°C. After a sufficient time the harctf* 1 
perature m the case of coals was first pointed pellets ^re withdrawn and blown into •* 

out by Lamb, Wilson and Chaney (Ic.) and elevated hopper from which they pass iatot 

Chaney has since placed this temperature at rotary kilns in series, the upper one at 15°^- 
60O°C. (U S P. 1499908). It appears that at high and the lower one at 550°C. The lower 
temperatures the carbon is graphitised and does internally fired, the waste gases serving to 
not then readily react with steam. Probably the upper one. The carbonised pellets P" 
for this reason high temperature gas cokes from the lower kiln into a third rotary W® 
cannot bo activated to any useful extent, activation with superheated steam at » ' 
According to Lamb, Wilson and Chaney activity 1,000 C C. This kiln i9 lined with 
is due simply to the increase w porosity and material and internally fired. It is only 
internal surface brought about by the activating inclined, and revolves slowly so that tn# cn 
gas. Hydrocarbons produced during carboni coal is retained several hours. It to then 
sation and strongly adsorbed by the carbon out of contact w ith air. . 

atoms are burnt away in activation so that the (3) Chemical Processes — Tbo impreg ® 3 ' l 
adsorptive forces are released. Much external of carbonaceous materials with compoun 
combustion occurs at the same time, however, as the chlorides of zinc, calcium, m®? 1 ^ 

which explains in part the low yields obtained etc., alkabs, sulphuric and phosphoric _ y 
in direct processes. affords a means of producing high 

The use of steam for activation was first charcoal at relatively low temperature® ^ 
investigated by R. Ostrejko in Austria (G.P. requires but little subsequent actiaation ^ 
136792, 1916) and independently by N. K. action of the reagents appears to W “ ^ 
Chaney in America (U.i'.P. 1497543). It is dehydration with direct liberation oi 
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unaccompanied by the tarry materials of pvro- 
genation {Urbain, “ Recherches et Inventions,” 
192G, No. 130). Manufacturing processes based 
on this method of carbonisation involve grinding 
of raw materials and extrusion under pressure 
of the pastes formed with the reagents so 
that the advantages of briquetting already 
mentioned are thereby included. The products 
are known as chemically activated charcoals 
and are of a special type. The process of 
chemical activation as now commonly practised 
is due to R. Ostrejko (B.P. 14224, 1900), who 
sought to produce a highly active decolorising 
charcoal. 

The French product known as Urbain Char- 
coal is an example of this class. In manu- 
facture (Urbain, op. til., p. 80) peat of low ash 
content is finely ground, mixed with phosphoric 
acid and allowed to stand some time. The 
paste is then forced into threads under pressure 
which are dried with waste gases in a rotary 
kiln and broken into short lengths, after which 
they are heated in gas retorts at about 1,000°C. 
for 8-10 hours. In this process the phosphoric 
acid present is reduced to elementary phos- 
phorus which passes as vapour to a combustion 
chamber where it is burnt and reconverted to 
phosphoric acid. The charcoal is cooled, 
thoroughly washed with hydrochloric acid and 
water, and finally dried at 300°C. Although a 
high temperature is employed in the process no 
steam is required, activation resulting from the 
reduction of phosphoric acid which occurs 
uniformly throughout the mass of material. 

The charcoal made by the Bayer process of the 
1.6. Farbenindustrie A.-G. (B.P. 10126, 1914 ; 
G.P. 290656, 1914 ; 310092, 1916) is a 

chemically activated charcoal. Selected peat 
is finely ground and agglomerated with 50% 
zino chloride solution and extruded under pres- 
sure through plates perforated with J-in. holes. 
Tho extruded material then passes through an 
inclined, rotary kiln heated internally by the 
products of combustion of gas burned in a 
furnace at tho lower end. In carbonisation the 
material reaches a temperature of about 650°C., 
after which it is received in iron boxes and cooled 
out of contact with air. It is then subjected to 
counter-current washing with dilute hydro- 
chloric acid to remove zinc compounds, and 
finally washed with water in wooden vats, after 
which it is dried in kilns in an air stream heated 
to 27. VC. The final stage consists in mechanical 
screening to remove smalls and dust. 

Properties and Uses.— The outstanding 
property of active charcoals is their adsorptive, 
activity towards vapours, gases, and dissolved 
substances. Hardly less remarkable is their 
versatility as adsorbents — a fact first demon- 
strated by Hunter (J.C.S. 1865, 18, 285), 
Activity is expressed in terms of adsorptive 
capacity which is measured for any given sub- 
stanco by the quantity adsorbed under specified 
conditions of temperature and pressure. Accord- 
ing to Lamb, Wilson, and Chaney (he.) active 
charcoals as now made have 50-200 times the 
adsorptivo capacity of the older wood and 
animal charcoals. All known gases are adsorbed 
to a greater or lesser extent although in the case 
of certain of them adsorbability is only slight. 


Helium is the least adsorbable. At 0°C. and 
760 mm. coco-nut charcoal only adsorbs twice its 
volume of this gas. Then follow in order of 
increasing adsorbability hydrogen, argon, nitro- 
gen, oxygen, and carbon monoxide, 21 vols. of 
the latter being adsorbed (Dewar, Compt. rend. 
1904, 139, 261). Later work has shown that 
when oxygen is adsorbed by highly evacuated 
charcoal a fraction of it is retained and can only 
be recovered at higher temperatures in the form 
of oxides of carbon. The surface layer of oxygen 
appears to enter into chemical combination 
with the carbon atoms — a view supported by the 
exceedingly high initial heat of adsorption of 
oxygen (Rhead and Wheeler, J.C.S. 1913, 103, 
461 ; Lowry and Hulett, J. Amer. Chem. Soc. 

1920, 42, 1393). In general, tho adsorbability 
of gases on charcoal follows the order of con- 
densability. Coco-nut charcoal adsorbs about 
200 times its own volume of ammonia at N.T.P. 
Most known vapours are strongly adsorbed by 
active charcoal. The following data for some 
common substances serve to show the order of 
activity of coco-nut charcoal towards inorganic 
and organic vapours. The data were obtained 
at saturation pressure and at 0°C. CCI 4 =71-0%; 
CS 2 =58-1%; C 6 H s = 41-9%; (C 2 H 5 ) 2 0=36-2% 
(Coolidge, J. Amer. Chem. Soc. 1924, 46, 596). 
Water vapour is exceptional, being adsorbed in 
only small amounts below 8-10 mm. partial 
pressure (Berl and Andress, Z. angew. Chem. 

1921, 34, 369 ; Allmand and Hand, J. Physical 
Chem. 1929, 33, 1161). Hydrocyanic acid is 
also exceptional, being but slightly adsorbed 
at low pressures. Studying a group of charcoals 
Allmand and Chaplin found a maximum adsorba- 
bility of about }% at 0-2 mm. and 25°C. 
(Proc. Roy. Soc. 1931, A, 132, 460). In 
general, tho higher the molecular weight of a 
compound the greater will be its adsorbability, 
but quantitative relationships exist only in the 
case of organic compounds of the same class. 

Adsorptive capacity increases with pressure 
and decreases with temperature for all sub- 
stances, the pressure/quantity relationship at 
constant temperature being given by the adsorp- 
tion isothermal, and the pressure/temperature 
relationship by the isostere. Numerous data 
showing these relationships for various sub- 
stances and different charcoals have been col- 
lected by McBain (“ The Sorption of Gases and 
Vapours by Solids,” p. 58, Routledge, London, 
1932), and a review of adsorption equations 
has been made by Swan and Urquhart (J. 
Physical Chem. 1927, 31, 251). A well-known 
equation relating quantity adsorbed (x/m) and 

l 

pressure (p) or concentration (c) is : x/m=kp" 
i 

or kc n , where x is the quantity of substance 
adsorbed by m of charcoal and k and n are 
constants characteristic of substance and tem- 
perature. This is often referred to as the 
classical or “ exponential ” equation, and has a 
wider applicability than most of them. No 
single equation, however, applies accurately over 
the whole known pressure range (v. Adsorp- 
tion). 

The rate of development of pressure, measured 
by dpjdq on the isothermal, is initially very 
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low In the ease of vapours, so that considerable 
quantities are adsorbed at uhat might appear 
zero pressure. A definite relationship between 
quantity and pressure obtains, however, down 
to the lowest concentrations of adsorbed vapour 
(Allmand and Chaplin, Proc. Roy. Soc. 1930, 
A, 129, 250). In the low-pressure region 
charcoals differ markedly in activity. Allmand 
and Chaplin found that at 0 01 mm. and 25° a 
chemically activated charcoal adsorbed 4-7% of 
CCI 4 , while a Bteara-activated coconut charcoal 
adsorbed 16 5%. The activity in this region 
bears no relation to that at higher pressures, 
so that tests made at fixed pressures have a 
limited significance {Allmand and Manning, 
J.S.C.I. 1928, 47, 369T). Vapour adsorbed at 
pressures represented by the steep part of the 
isotherm is easily removable from the charcoal, 
but that adsorbed prior to this is not. A 
measure of the retentive power is known as the 
refentiwtj/ of charcoal, which is usually deter- 
mined for any given vapour by streaming dry air 
or nitrogen through the charged charcoal at 
25®, 100®, or 130°C. until the rate of loss becomes 
insignificant. So far retentivity has not been 
very rigidly defined. According to Chaney, 
Ray and St. John (Ind. Eng. Chem. 1923, 15, 
1252), the retentivity of charcoal for vapours 
is proportional to its adsorptive capacity for 
non condensable gases and to its decolonsing 
power for liquids, these properties all being 
manifestations of adsorption on active surface 
(chemical forces) as distinct from condensation 
in capillaries (physical forces). Macy finds 
retentivity for vapours to be proportional to 
the heat of wetting and proposes the latter as a 
basis of test for the activity of charcoal (J. 
Physical Chem. 1931, 35, 1397). 

Steam-activated nut and bnquetted charcoals 
in general have a high retentivity. Some 
exhibit up to one third of their total capacity 
below a pressure of 0 1 mm. Chemically acti- 
vated charcoals, on the other hand, have low 
retentivity but high capacity for vapours at 
moderate partial pressures. 

The process of adsorption by active charcoal 
is accompanied by the evolution of heat as first 
shown by Favro (Ann. Chim. Phys. 1874, [▼], 
1, 209). The quantity of heat per unit mass of 
charcoal is a maximum in the initial adsorption 
stage, where it greatly exceeds the latent heat 
of vaporisation. It declines with increasing 
adsorption and finally tends towards a con 
stant value considerably higher than the latent 
heat of vaporisation (Titoff, Z. physikal. Chem. 
1910, 74, 641 ; Keyes and Marshall, J. Amer. 
Chem. Soc. 1927, 49, 156). Water is exceptional, 
and exhibits throughout a heat of adsorption 
differing hut sbghtly from the latent heat of 
vaporisation (Cooiidge, J. Amer. Chem. Soc. 1927, 
49, 708). According to Lamb and Cooiidge (tbxd. 
1920, 42, 1140), the integral heat of adsorption 
h may be calculated from the quantity of vapour 
x adsorbed by active charcoal from the equation 
h^mx", in which m and n are constants character- 
istic of the vapour. Heats of adsorption in 
g-cals./mol. for some common vapours measured 
at about half their saturation values on charcoal 
at 0® are as follows : CS,=12,500 ; CH, OH 
•=13,100 ; CHCI S =14,500 ; C e H,= 14,700 ; 


C,H s OH =15,000 ; (C,H S ),0=15,000 (Lamb 
and Cooiidge, l c.). Oxygen is unique in ex- 
hibiting initial heats of adsorption far in excess 
of those for other substances, which tends to 
confirm the previous evidence for combination 
with carbon prior to adsorption proper. Initial 
heats of adsorption for oxygen as high as 72,000 
g—cals /mol. have been observed by Keyes and 
Marshall (I C.). 

Active charcoal has been observed to undergo 
a slight expansion during the adsorption of CO„ 
NHj, SO,. H,0, C 8 Hg, and C.H S N. The 
phenomenon is probably a general one. The 
expansion is a function of the quantity adsorbed, 
is reversible, and the upper limit is of the order 
of }% by volume of charcoal (Meehan, Proc. 
Roy. Soc. 1927, A, 115, 199 ; Bangham el al , 
ibid. 1930, A, 130, 81 ; 1932, A, 138, 162). 

The velocity of adsorption as measured in 
vacuo is very high for all but the final stages of 
adsorption. From a practical point of view it 
is instantaneous (Dewar, Proc. Roy. Inst. 1937, 
18, 750). In adsorption from the gaseous phase 
the presence of inert gases causes but slight 
impedance provided there is efficient contact 
between gas and charcoal, e g. with a time of 
contact of only 0 03 second, coconut charcoal 
in 10 mesh granules very efficiently adsorbs 
chloropicnn from air in a stream containing 
7,000 p.p.m. (Lamb, Wilson and Chaney, Ic.) 
At higher vapour concentrations such as are 
often found in industrial gases, times of contact 
of several seconds are allowed to facilitate dis- 
sipation of the heat of adsorption and so avoid 
unduly raismg tho temperature of the charcoal. 
The velocity of adsorption from solution is low 
in comparison with that observed in the gaseous 
base, being dependent on the rate of liquid 
illusion. In general, times of contact 50-100 
times as long as those for adsorption from the 
gaseous phase have to be employed, and liquids 
for treatment are either filtered at low rates 
through beds of active charcoal or heated and 
agitated for definite times with a sufficient 
quantity of the adsorbent in a finely divided 
state. 

The /rue density of active charcoal is the 
density of the solid carbon wall and lies between 
2-2 and 2 3 g./c.c. This is sensibly equal to 
that of graphite (2 26 g./c.c.). The bull density 
is the weight of 1 c.c. of dry granules or powder, 
and vanes considerably with the source and 
mode of manufacture of the active charcoal, 
and to some extent with grain size and shape. 
Industnal charcoals for the treatment of gases 
are usually in the form of spheroidal or 
cylindrical particles of & to J in. diameter, while 
those for the treatment of liquids are in the 
form of fine powders. The bulk density of 
chemically activated charcoals commonly lies 
between 0 20 and 0 40 g./c.c , while that for 
steam-activated nut- and briquetted-charcoala 
lies between 0-40 and 0 55 g./c.c. It is deter- 
mined by weighing 100 c.c. of active charcoal 
m a cylinder of not leas than 5 cm. diameter 
and making a correction for moisture present. 

The specific heat of activ e charcoal corresponds 
with that of graphite ( q.v .) and thus changes 
materially with temperature. 

The utility of active charcoal for the 
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production of high vacua was first pointed out 
by Sir J. Dewar (B.P. 13038, 1904) who observed 
the great increase in adsorptive capacity which 
resulted from cooling charcoal to low tempera- 
tures. Under these conditions considerable 
amounts of almost any gas are adsorbed before 
a measurable pressure develops. Coconut char- 
coal being the most highly retentive is generally 
used for the purpose. The charcoal is first 
evacuated at elevated temperature to a pressure 
of the order of 10 -2 mm. after which it is cooled 
by liquid air and put into communication, by 
means of a tap, with the apparatus to be 
Evacuated. For the highest efficiency the pres- 
sure should first be reduced as far as possible 
with vacuum pumps and the charcoal bulb 
protected by a liquid air trap to condense 
vapours. The rate and degree of clean-up will 
depend on the quantity of charcoal used and 
on the accessibility of the latter. Unless wide- 
bore connections are used it is advantageous to 
employ more than one charcoal bulb. Greased 
taps exude vapour continuously and should be 
reduced to a minimum in vacuum apparatus. 
Under proper conditions it is possible to reduce 
the pressure to 10 -6 mm. in a few hours (Kaye, 
“ High Vacua,” Longmans, London, 1927). 

For the estimation of hydrocarbons in gases 
'active charcoal is of great utility. It efficiently 
adsorbs vapour at the lowest partial pressures, 
the “ breakpoint ” (100% adsorption efficiency 
limit) is sharply defined, and the adsorbed 
vapour may be recovered in unchanged con- 
dition. In addition, there is great latitude in 
the rate at which gas may be passed. For the 
recovery of hydrocarbons from coal-, coke oven-, 
or other gas, in quantities suitable for analysis, 
a convenient apparatus is described by H. Hol- 
lings, S. Pexton and B. Chaplin (Trans. Inst. 
Chem. Eng. 1929, 7, 102 ; see also Voss, J.S.C.I. 
1930,49, 343T). Laboratory determinations of 
the vapour content of a carrier gas may be made 
with 16-20 c.c. of small-grain, active charcoal 
in a stoppered U-tube 2 cm. in diameter. This 
is first dried at 130°C. for about 30 minutes by 
passing 15-20 litres of air or nitrogen, and then 
cooled in a stream of the gas. A small volume of 
the gas for testis then passed and the zero weight 
of tho tube taken against a counterpoise. The 
gas for test is then passed at rates up to 15 
litres/hour and metered at tho outlet on a wet 
test meter. Several different values of volume 
and weight-increase are obtained and plotted 
when an approximately straight lino will result 
if tho whole of the vapour present in tho gas 
passed lias been adsorbed. If this is found 
not to be the case tho determination is repeated 
on Bmaller gas volumes and with a fresh sample 
of activo charcoal. In the determination of 
vapour pressure a correction for the volume 
of the vapour removed should be made if this is 
significant. 

Active charcoal is a most efficient medium for 
tho thorough purification of gases from oil 
vapours, but is less efficient ns a drying agent. 
For the purification and thorough drying of gases 
these should be subjected to the action of active 
chnrcoal followed by that of silica gel (i>. 
Adsorption). 

In assessing the value of active charcoal for 


any given purpose it is important to test it 
under the conditions in which it is required to 
be used ; for example, a charcoal required for 
benzole recovery would be tested with benzene at 
7-8 mm. partial pressure while a charcoal for 
decolorising purposes would be tested by the 
adsorption of iodine or dye from solution. 

Industrial Applications. — Active charcoal 
is widely used in industry for the recovery of 
valuable products which exist as attenuated 
vapours in unadsorbable gases, e.g. liquid 
hydrocarbons in natural gas, solvent vapours in 
air, benzole in coal and coke oven gases. The 
recovery processes are essentially the same in 
all cases and well illustrated by the recovery 
of benzole (v. Coke). 

Gasoline Recovery. — For the recovery of 
gasoline from natural gas and of uncondensed 
still vapours a compact and transportable plant 
is used (Edeleanu, J. Inst. Petroleum Tech. 
1928, 14, 296 ; Reisemann, Petroleum, 1932, 
28, 1). The principal parts are : the dust 
filter, two or more adsorbers each containing 
about 1 ton of active charcoal, the condenser, 
the separator, the steam economiser, and the 
blower. Prefiltered rich gas is passed through 
one or more adsorbers until gasoline begins 
to appear in the effluent gas, at this stage 
the charcoal will contain 12-16% by weight 
of hydrocarbons. The gas stream is then di- 
verted to fresh adsorb* . j, and the saturated 
charcoal is heated to about 127 C C. by means of 
steam coils embedded in the adsorbent. At the 
same time direct steam is blown through the 
charcoal to remove the gasoline which condenses 
along with the steam in the condenser and 
passes to the separator. At the conclusion of 
this operation air from the blower is passed 
through the charcoal to dry it, after which it is 
cooled and again opened up to the gas stream 
for a new cycle. Tho steam consumption is 
3-4J tons per ton of recovered gasoline. With 
natural gas the charcoal consumption is limited 
to mechanical loss which does not exceed 1 kg. 
per ton of recovered gasoline. Certain still 
vapours, however, cause a decline in activity of 
the charcoal which has ultimately to be replaced. 

In the recovery of solvent vapours from air no 
depreciation of the adsorbent is encountered 
and it is claimed that it may be used many 
thousands of times beforo needing replacement 
through mechanical disruption. 

Activo charcoal is UBed on a large scale in 
Germany for the removal of hydrogen sulphide 
from town’s gas. The hydrogen sulphide, by 
the action of oxygen in the presence of ammonia, 
is catalytically oxidised to sulphur, which is 
recovered from the charcoal by extraction with 
ammonium sulphide solution. The extract is 
worked up for sulphur (Engelhardt, Gas- u. 
Wnsaerfach, 1928, 71, 290). 

Active charcoal has also been used in Germany 
for dephenolising effluent gas-works liquor. 
The liquor is pre-filtered through towers packed 
with coke and iron turnings, after which it is 
warmed to 60°C. and filtered through beds of 
active charcoal. The adsorbed phenol is 
recovered from the charcoal by extraction with 
benzole from which tho phenol is obtained by 
evaporation. Retained benzole is removed 
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from the charcoal by steaming, which conditions 
it for renewed contact with gas liquor. A high 
degree of purification of the liquor is attainable 
but the adsorbent depreciates through the 
accumulation of insoluble matter (F. Sierp, 
Gas- u. Wasscrfach 1933. 76, 105). 

In the purification of drinking water active 
charcoal has in recent years been used with 
success. Its use is confined to the final stages 
of purification for the removal of excess chlonne 
remaining after chlorination and of traces of 
phenol introduced through contamination of the 
water with factory effluents. These substances 
even in minute concentration give the water an 
objectionable taste The water, previously 
purified as far as possible by the usual means, 
is chlorinated and slowly filtered through beds 
of active charcoal. Highly polluted waters 
may be rendered potable by this treatment, the 
cost of which is estimated to bo about SI 50 
per million gallons of watpr (J. R. Bayhs, J. 
Amer. Waterworks Assoc. 1929, 21, 787 ; F. 
Sierp, Gas- u Wasserfach, 1931, 74, 764). 

Active charcoal has been used for some years 
in the sugar industry for decolorising, but there 
seems no likelihood at present that it will dis- 
place bone char which has so long been used 
for this purpose. Although active charcoal has 
a greater decolorising power it has a lower 
capacity for salts than bone char and its use 
appears to increase the quantity of molasses. 

The use of active charcoal in respirators for 
protection against toxic gases is well known. 
Its high capacity for these substances, its 
versatility as an adsorbent, its instantaneous 
action and low resistance to breathing form a 
combination of properties bo far not found in 
any other material. However, it affords but 
slight protection against certain substances, 
viz. hydrocyanic acid, arsine, cyanogen chlonde, 
and none against carbon monoxide {Lamb, 
Wilson and Chaney, l e.). 

Some further uses of active charcoal are : the 
purification of carbon dioxide in the fermenta- 
tion industries , air conditioning ; increase of 
Btorage capacity of cylinders for compressed 
acetylene ; maintenance of a vacuum in the 
jackets of commercial containers for liquid air. 

R. C. 

CARBON BLACK c. Cahbon, Laupblack. 

CARBON, COMPOUNDS OF. 

Carbon tetrabromide, tetrabromo- 
methane, CBr*, is obtained by the action of 
bromine on carbon disulphide in the presence of 
iodine (Bolas and Groves, J.C.S. 1870, [ii],8, 161 ; 
1671, [u], 8, 773). It is most conveniently 
prepared by tbo exhaustive bromination of 
acetone : 4 g. of acetone in 5 hires of water are 
mixed with a solution of 224 g. of sodium 
hydroxide dissolved in 750 c.c. of water, 84 6 
g. of bromino are added in successive small 
quantities (0 5 c c.) and the mixture vigorously 
shaken after each addition. After 24 hours the 
supernatant liquid is siphoned off, the solid 
tetrabromide dried on porous earthenware and 
purified by sublimation (D.R.P. 70362 ; Friedl. 
4, 11). It forms white, lustrous crystals of 
pungent odour, m p. 94°, b p. I01®/50 mm., 
189 5°/760 mm. with slight decomposition, 
insoluble in water, soluble in alcohol, ether and 


chloroform. It exists in two enantiotnorphs 
(Rothnu’nd, Z. physikal. Chem 1897, 24, 703), 
both of which are bimolecular (Verstraete, Bull. 
Soc. clum. Belg. 1934, 43, 613; Sohier, \bid 
1931, 40, 403). TIio length of the molecule is 
4 04 (Rumpf, I’hysikaL Z. 1930, 31, 791). 

Carbon tetrabromide can be used for selective 
bromination of the side chain of alkjl benzenes 
(Hunter and Edgar, J. Araer. Chem. Soc. 1932, 
54, 2025). Its action on sulphur and selenium, 
giving a mixture of products, has been investi- 
gated by Briscoe, Peel, and Rowlands (J.CJS 
1929, 1766). 

Carbon tribromide or hexabrooethane, 
CjBr 6 , is obtained by the action of bromine on 
ethylene dibromide or C,H B r s . It forms small 
rectangular prisms, soluble in carbon disulphide, 
insoluble m alcohol and ether, decomposing at 
200° into carbon dibromide and bromine 
(Reboul, Annalen, 1862, 124, 271). 

Carbon dibromide, tetrabromoethy- 
lene, C.Br,, white crystals, m p. 53°, is formed 
by the action of nascent hydrogen on the tn- 
bromide (Lowig, Annalen, 1832, 3, 292 ; Lennox, 
J.CS. 1862, 14, 209). 

Carbon bromide, dibromoacetyhdene, 
C CBrj, is obtained fiom tetrabromoethane by 
removal of 2 mols. of hydrogen bromide. It is a 
liquid of b.p 76°, spontaneously inflammable m 
air and very explosive (Lemoult, Compt rend. 
1903, 136, 1333, 137, 65). Lawrie (Amer. 
Chem J. 1906, 36, 487) showed it to contain a 
double bond See, however, Biltz, Ber 1913,46, 
142; E. H Ingold, J.C.S. 1924, 125, 1528. 

Chlorotribromomethane, CCIBr,, mp. 
55°, b.p. 160% and dichlorodibromomethane, 
CCI 2 Brj, m.p 22°, b p. 135°, and tnchlorobro- 
mometnane, CCI,Br, m p. — 21°, b p. 104°, are 
obtained by the action of bromine on chloroform 
at 250°-275° and are separated by fractional 
distillation (Besson, Compt. rend, 1892, 114, 
223). The last compound is also obtained by 
the action of bromine on trichloracetic acid 
(can’t Hoff. Ber. 1877, 10. 678). 

Chlorotribromoethylene, CCIBriCSr,, 
m.p. 34°, b.p. 203°-2057734 mm., is prepared 
from chlorotetrabromoethane by removal of 
HBr (Denzel, Ber. 1879, 12, 2208). 

aa Dichloro /?£-dibromoethylene, 

CCljiCBr,. 

b.p. 1727765 mm., f.p. below 0°. d 1 ’-* 2 3753, is 
obtained by the action of alcoholic potash on 
dichlorotnbromoethane (Swarts, Bull. Acad, 
roy. Belg. 1898, (in), 36, 519). 

o0-Dichloro-a(J dibromoethytene, 
CCIBriCCIBr, 

b p. I72°/765 mm., is a product of the action 
of aluminium bromide on carbon tetrachloride 
(Swarts, Bull. Acad. roj. Belg. 1898, [uij, 36, 
519), as is also 

Trlchlorobromoethylene. CCI,; CCIBr, 
m.p. -12 s to -13°. b.p. 145*-148° (Besson. 
Compt. rend. 1894, 119, 88). 

Chloropentabromoethane, C,CIBr 4 , m p- 
170° with vigorous decomposition, is obtained 
by the action of bromine on rhlorotn* and chloro- 
tetrabromoethane (Denzel, Ber. 1879, 12, 2207). 
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aa-Dichloro-a)9$S-tetrabromoethane, . 
CCI 2 Br-CBr 3 , 

is formed with dichlorotribromoethane by the 
action of bromine on a-dichlorodibromoethane. 
It evolves bromine vapour at 175° and melts 
with vigorous decomposition at 180° (Denzel, 
Ber. 1879, 12, 2207). 
c/)-Dichloro.aa/S)3-tetrabromoethane, 

CCIBr 2 -CC!Br 2 , 

melts at 191° (Swarts, Bull. Acad, row Belg. 
1898, (3), 36, 519). 

a$bTrichloro-aa)9-tribromoethane, 

CCIBryCCLBr, 

m.p. 178°-180°, is formed by the chlorination of 
C 2 CI 3 Br (Besson, Compt. rend. 1894, 119, 88). 
appp-T etrachloro-aa-dibromoethane, 

CCIBryCCIj, 

is obtained by the repeated chlorination of 
C 2 H 2 Br 4 (Bourgoin, Bull. Soc. claim. 1875, [ii], 
23, 4) or bromination of C 2 HCI 5 (Paterno, 
Gazzetta, 1871, 1, 593). It smells like camphor 
and can be sublimed. 
aa]9/3-Tetrachloro-a|3-dibromoethane, 

CCI 2 BrCCI 2 Br, 

is formed by the action of bromine on tetra- 
chloroethylene in sunlight (Malaguti, Ann. Chim. 
Pkys. 1846, [iiij, 16, 24). 

Fluorotribromomethane, CBr 3 F, a colour- 
less, heavy, pleasant-smelling liquid, b.p. 107°, 
is obtained by heating carbon tetrabromide at 
50°-60° with silver fluoride. Further treatment 
with silver fluoride yields — 
Difluorodibromomethane, CBr 2 F 2 , a 
mobile liquid, b.p. 24-5°, f.p. below — 80°(Raths- 
burg, Ber. 1918, 51, 669). 
os-Heptachloropropane, 

CHCI 2 -CCi 2 -CCI 3 , 

m.p. 32°, b.p. 247°-248 < \ is formed by the 
action of phosphorus pentachloride on penta- 
chloroacetonc (Fritsch, Annalen, 1897, 297, 
312), by direct addition of chloroform to tetra- 
cldorOethylene under the influence of aluminium 
chloride (Boeseken and Prins, Proc. K. Akad. 
Wctensch. Amsterdam 1911,13, 685 ; J.C.S. 1911, 
100, 173) or by the action of chlorine on propyl- 
ene chloride (Cahours, Annalen, 1850, 76, 283). 

Hexachlorobenzene, C 6 CI 6 , discovered in 
1821 by Julin, is the final product of the chlori- 
nation of benzene and of many alkyl benzenes. 
It is also formed by direct synthesis when a 
current of 5-5 amps, passes at 42 volts for 11 
hours between carbon electrodes in a chlorine 
atmosphere. It forms colourless, silky needles, 
of m.p. 226° and b.p. 326°, is tasteless but 
has an odour resembling spermaceti. It is 
insoluble in water, acids, and alkalis soluble in 
alcohol, ether and hot oil of turpentine. It 
burns with a bluish flame, and decomposes into 
chlorine and charcoal on passing through a red- 
hot tube filled with glass or rock crystal. 
Strongly heated potassium burns in the vapour. 

This compound was formerly regarded as 
carbon monochloridc ; its molecular formula 
was established bv Bassett (J.C.S. 1867, [ii], 5, 
443). 

Von. II.— 21 


Carbon tetraiodide, tetraiodomethane, 
Cl 4 , is obtained by the action of aluminium 
iodide on a mixture of carbon tetrachloride and 
disulphide (Gustavson, Ber. 1881, 14, 1705). 
It forms dark red octahedra, of sp.gr. 4-32, the 
length of the smallest possible unit cube being 
9-14.4 (Hassel and Kringstad, Tekn. Ukeblad, 
1931, 78, 230). It dissolves in various solvents 
and oxidises rapidly in solution (Dubrisay and 
Emschwiller, Bull. Soc. chim. 1935, [v], 2, 127). 

Carbon subnitride, C 4 N 2 , is obtained by 
dehydrating the diamide of acetylene dicar- 
boxylic acid : 

H,N-OC-C:CCO-NH„ 

= N:C-C:C-C:N + 2H 2 0 

(Moureu and Bongrand, Compt. rend. 1910, 150, 
225). It forms fine white needles of m.p. 
20-5°-21° and has b.p. 76°/773 mm., c if 0-9703 
and abnormally high molecular refraction and 
dispersion. The vapour resembles cyanogen 
in odour, irritating action, and the blue flame 
with which it burns, igniting spontaneously at 
130°. Reactions with ammonia and amines 
are described by Moureu and Bongrand {ibid. 
1914, 158, 1092). 

Carbonyl chloride, Phosgene, COCI,. 
Phosgene was first prepared by J. Davy by the 
action of sunlight on carbon monoxide and 
chlorine, and this direct combination method is 
still employed on the commercial scale, though 
it is now usually carried out in the dark with an 
activated carbon catalyst (Jacque, Chim. et 
Ind. 1928, 19, 24). The most convenient 
laboratory preparation is by the action of carbon 
tetrachloride on sulphur trioxide : 

C C 1 4 -f- 2S0 3 =COCI 2 -f S 2 0 3 C 1 2 

(Giordani, Annali Chim. Appl. 1928, 18, 90), 
or on oleum or on sulphuric acid in the presence 
of infusorial earth (Grignard and Urbain, 
Chem. Zentr. 1919, III, 989). . Phosgene is also 
formed by the action of carbon monoxide on 
certain chlorine compounds : nitrosyl chloride 
(Williams, U.S.P. 1746506), antimony penta- 
chloride (Annalen, 1849, 70, 139), ruthenium, 
platinum or gold chloride (Manchot and Leh- 
mann, Ber. 1930, 63, [B], 1221). For danger 
attending the use of carbon tetrachloride as a 
fire extinguisher owing to its conversion 
into phosgene in the presence of moisture, see 
carbon tetrachloride (p. 323 ; cf. Hamilton, Ind. 
Eng. Chem. 1933, 25, 539; Olsen, ibid. 541); 
the addition of ethylene dibromide is said to 
reduce this danger (Glaser and Frisch, Z. angew. 
Chem. 1928, 41, 263). 

The mechanism of the photo-chemical pro- 
duction of phosgene has been investigated by 
many workers, whose explanations are based 
on the formation of active chlorine, COCI, or 
CI 3 . See Warming (Z. physikal. Chem. 1932, 
B, 18, 156), Schumacher and Wolff {ibid. 1934, 
B, 25, 161 ; 26, 453), Montgomery and Rollefson 
(J. Amer. Chem. Soc. 1933, 55, 4025 ; 1934, 
56, 1089), Kassel (ibid. 1936, 56, 243). 

Phosgene is a colourless gas, of b.p. 8°C., 
crit. temp. 182°C., and d° 4 1-432. Its dipole 
moment is 1-18 X10 -38 (Smyth and McAJpine, 
J. Amer. Chem. Soc. 1934, 56, 1697) and its 
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ultraviolet absorption spectrum indicates a 
structure similar to that of formaldehyde 
(Henri and Howell, Proc. Roy. Soc. 1930, A, 
128, 178), It has a penetrating, choking 6mell 
and is very poisonous, a concentration of 45 mg. 
per cubic metre of air being dangerous Masks 
for protection against it contain, besides charcoal 
for adsorption of phosgene, a hydro!} sing layer 
and an adsorbent for the hydrochloric acid thus 
formed (NieUen, Z. ges Sclness- ti. Sprengstoffw 
1932, 27, 136, 20S, 244, 280; Engelhard -and 
Stiller, Z. Elektrochem. 1931, 40, 833). Hera 
meth} lenetetrammc is also recommended as an 
adsorbent (Jacque, lc.). An antidote to phos- 
gene poisoning is urease, obtained from the soj a 
bean (Svensson, Svensk farm. Tidskr. 1930, 34, 
493, 509, 545, 565; 1931, A, 759). Phosgene 
dissolves readily in glacial acetic acid, benzene 
and other h} drocarbons, it dissociates on heating, 
and is very reactive. It la decomposed by water 
into carbon dioxide and hydrochloric acid, 
yields with alcohol chlorocarbomc ester, 
CICO OCjHj, or carbonic ester, CO(OC t H,) t ; 
with ammonia, urea, and with aniline, diphenyl 
urea Its reaction with ethylene has been in 
vestigated by Pace (Gazzetta, 1929, 59, 578), 
Varschavski and Doroganjevskaja (ibid. 1934, 
64, 53) and Klebanski and Tschevitschalova 
(Compt, rend. Acad. Sci. U.R.SS 1935, 2, 42) 
Polymers of phosgene are described by Melnikov 
(Voennaya Khun 1934, Notf. 2, 9 ; Cbem Zentr. 
1935, 1, 1650) 

The detection and estimation of phosgene are 
usually required to be earned out in the presence 
of chlorine. The most satisfactory methods are 
the precipitation of diphenyl urea (Jacque, 
/eland the sodium iodide-acetone method of 
OUen, Ferguson, Sabetta, and Scheflan (Ind 
Eng. Chcm. [Anal ], 1931, 3, 189). 

Phosgene is used in the manufacture of di- 
and tnphen}! methane dj es tuffs 

Carbonyl cyanide, CO(CN),, is formed by 
direct Union of carbon monoxide and cyanogen 
in ultra violet light It is a } ellow , amorphous, 
non volatile solid, dissolving in alkalis to a 
}el!ow solution and slowly h}drolysed by acid 
to entbon dioxide and hydrogen cyanide 
(BcrtheJot and Gaudechon, Compt. rend. 1913, 
156, 176C). 

Carbon monosulphide, (CS) Z .— When car 
Lon disulplude is exposed to a silent discharge 
ant] then frozen on glass in liquid air, a sub , 
sequent slight rise in temperature brings about 
explosive decomposition into carbon mono- 
sulphule and sulphur (Klemenc, Z. Elektrochem. 
1930, 36, 722). A poijmeride is also obtained 
b} exposing carbon disulphide to sunlight, or 
by ultra violet irradiation of carbon disulphide 
and carbon tetrachloride (Doran and GdJam, 
J.S CJ. 1928, 47, 239T), or by the action of thio- 
carbonyl chloride on uickel carbonyl . 
iCSCIj+zNi (CO) 4 =zNiClj+4zCO+ (CS)z 

Carbon monosulphide is a reddish brown 
powder of sp.gr. 1*6, which can be compressed 
into a solid block of sp.gr. 1 83. It is a non- 
conductor of electricity, insoluble in water, 
alcohol, turpentine or benzene (Sidot, Compt. 
rend. 1869, 69, 1303 ; 1872, 74, 180 ; 1875, 81, 
32) but giving a purplish-brown solution in 


cone, sulphuric acid, brown solutions in aqueous 
or alcoholic ammonia, ammonium sulphide, 
potassium h}droxide and potassium hydro- 
sulphide and a red solution in nitric aeid. It 
can be heated in racuo up to 360°C. without 
change, but decomposes at a dull red heat into 
carbon disulphide and carbon. 

Carbonyl sulphide, COS, discovered by 
Than in 1867, occurs in some mineral springs, 
and can be iso'ated from gases containing it by 
scrubbing with alkali and treating the resulting 
solution with acid. It is prepared by passing 
carbon monoxide over heated sulphur or with 
sulphur vapour through a red-hot tube, by the 
action of sulphuric acid on potassium or 
ammonium thiocyanate . 
KCNS+SHjSO^H.O 

= COS+KHSO lT (NH 4 )HSO, 
(Hem pel, Z. angew. Chem, 1901, 14, 865), by 
treating isocyanic esters with hydrogen sul- 
phide . 

20C.N C t H s +H | S=COS+CO(NH C t H,), 
or by heating sulphur tnoxide with carbon 
disulphide. Mustard oils treated with sulphuric 
acid yield carbonyl sulphide and pruuaiy amines 

Carbonyl sulphide is a colourless gas, of d 
l(air=l) 2 1016, critical temperature 105°, and 
critical pressure 60 atm. It liquefies at 0° 
and 12-5 atm. to a colourless, mobile, highly 
refractive liquid of d 0 1 073, f.p —138 2°, and 
b p —50 2*/760 am., which dissolves sulphur 
and mixes with alcohol and ether but not water 
(Ilosvay, Bull Soc. chim. 1882, [uj, 37, 294; 
Stock and Kuss, Ber. 1917, 50, 159). The gas 
has an unpleasant odour except when quite pure, 
and is a strong nerve poison 0 8 c c. of it dis- 
solved in l c.c. of water at 13 5° and 756 mm. 
and is slowly decomposed into hydrogen sulphide 
and carbon dioxide ; this reaction has been in- 
vestigated by Thompson, Kearton, and Lamb 
(J.CS. 1935, 1033). It is rapidly decomposed 
by alkabs yielding the alkali sulphide and 
carbonate. A white hot platinum wire causes 
decomposition into sulphur and carbon mon- 
oxide, and the gas bums readily in air to 
! carbon dioxide and sidphm dioxide and forms 
an explosive mixture with oxygen (Russell, 
J.C.S. 1900, 77, 356). Oxidation by bromine 
water or acid permanganate yields carbon 
dioxide and sulphuric acid; reduction to 
hydrogen sulphide by hydrogen and a catalyst 
is ured for removing the gas from mixtures 
(B.P. 370978) 

Carbony I sulphide can be used for the synthesis 
of thio acids and of s tnsubstitutcd carbuiols 
bv means of organo-magnesium compounds 
(Weigert, Ber. 190J, 36. 1007). 

The vapour density of carbonyl sulphide gives 
a molecular w eight just below that required by 
the formula COS (Pearson, Robinson, and 
Trotter, J.C.S. 1932, 660), and the absorption 
spectrum from a hydrogen discharge tube indi- 
cates dissociation into carbon monoxide and 
sulphur (Lochte-Holtgreven, Dawn and East- 
wood, Nature, 1932, 129, 869). From spectra 
and thennochcmical data, the molecule has the 
linear structure 0:C:S (Zahn and Miles, 
Physical Rev. 1928, (u), 32, 497 ; Bailey and 



CARBON DIOXIDE. 


Cassie, Proc. Roy. Soo. 1932, A, 135, 375 ; 
Boersch, Monatsh. 1935, 65, 311) ; its infra- 
red and Raman spectra have also been investi- 
gated by Bailey and Cassie (Nature, 1931, 128, 
637), Bartunek and Barker (Physical Rev. 
1935, (ii), 48, 516), and Dadieu and Kohlrausch 
(Physikal. Z. 1932, 33, 165). 

Carbonyl azide, Carbazoimide, CON e , 
obtained by the action of sodium nitrite on 
aqueous earbohydrazide hydrochloride, is a 
highly explosive substance, reacts with aromatic 
hydrocarbons to give pyridine bases and amines 
(Curtius and Bertho, Ber. 1926, 59, [B], 565). 

Carbonyl bromide, COBr 2 , is obtained by 
the action of hot,, cone, sulphuric acid on 
carbon tetrabromide (Schumacher and Lenher, 
Ber. 1928, 61, [B], 1671). It is a colourless, 
fuming liquid, b.p. 64°-65°, d ls 2’52, of physio- 
logical action similar to phosgene but less 
readily hydrolysed by water. Above 150° it 
decomposes slowly into carbon monoxide and 
bromine (Lenher and Schumacher, Z. physikal. 
Chem. 1928, 135, 85 ; Reerink, Rec. trav. chim. 
1928, 47, 989). The oxime, m.p. 70°-71° in 
vacuo, is obtained from bromine and oximino- 
acetic acid (De Paolini, Gazzetta, 1930, 60, 700). 

Carbonyl selenide, COSe, is obtained by 
passing carbon monoxide over heated selenium. 
It is a colourless, evil-smelling gas, of crit. temp. 
121-l°±0-2°, condensing to a mobile liquid of (fj 1 
1-812, and b.p. — 22-9°±0-2°/725 mm., and a 
white solid of m.p. —122-l°±0-5°. The vapour 
density corresponds to the formula COSe 
(Pearson and Robinson, J.C.S. 1932, 652). 

Carbon sulphidoselenide, CSSe, is formed 
by treating ferrous selenide with carbon disul- 
phide vapour at 650° and fractionating (Briscoe, 
Peel, and Robinson, J.C.S. 1929, 56). It is a 
yellow oil of b.p. 83-90°-83-95°/749-2 mm. Its 
physical and chemical properties have been 
investigated by- the same authors {ibid. 410, 
1048). 

Carbon tetrafluoride, CF 4 , is the most 
stable of the fluorides formed by the action of 
fluorine on charcoal (Ruff and Keim, Z. anorg. 
Chem. 1930, 192, 249). It is also produced in 
the electrolytic manufacture of beryllium 
(Lebenu and Damiens, Compt. rend. 1926, 
182, 1340) and in the electrolysis of cryolite in 
a magnesia crucible (Treadwell and Kohl, Helv. 
Chim. Acta, 1926, 9, 681). It is a gas which 
condenses to a liquid of b.p. —128° (Menzel 
and Moliry, Z. anorg. Chem. 1933, 210, 257), 
f.p. —186-8°, and ap.gr. at the b.p. 1-3 (Klemm 
and Henkel, ibid. 1932, 207, 73). 7-45 c.c. dis- 
solve in 100 c.c. of water at 16° without 
hydrolysis. Carbon tetrafluoride is stable to 
heat and unreactive. 

Dibromotetrafluoroethane, C 2 Br 2 F,„ is 
an oily liquid of b.p. 47-4° and f.p. -111-5°, 
formed by the action of bromine on tetra- 
fluoroethyleno in sunlight (Ruff and Bret- 
schneider, Z. anorg. Chem. 1933, 210, 176). 

Hexafluoroethane, C 2 F 6 , b.p. -78-1°, m.p. 
-100-5°, is an unreactive gas formed with tetra- 
fluoroctliylcne on burning carbon in carbon 
tetrafluoride (Ruff and Bretschncider, he.). 

Tetrafluoroethylene, C 2 F 4 , b.p. -76-3°, 
m.p. -142-5°, is a gas resembling ethylene, pro- 
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duced on burning carbon in carbon tetrafluoride 
and isolated by conversion into the dibromo 
compound and treating the same with zinc and 
acetic acid (Ruff and Bretschneider, Z. anorg. 
Chem. 1933, 210, 173). 

Hexachloroethane, C 2 CI 6 , m.p. 187°, is 
formed by passing an electric current between 
carbon electrodes in a chlorine atmosphere at a- 
higher strength and voltage than for the pro- 
duction of hexachlorobenzene. 

lododifluoromethane, CHIF 2 , b.p. 21-6°, 
and Diiodofluoromethane, CHI 2 F, b.p. 
100-3±0-5°, m.p. — 34-5°±0-5°, are both stable 
in the absence of light and air (Ruff, Ber. 1936, 
69, [B], 299). 

Carbon subsulphide, C 3 S 2 , is a red liquid 
which solidifies to a yellowish-red solid of m.p. 
—5°. It is best made by passing an electric dis- 
charge between carbon-antimony electrodes in 
carbon disulphide vapour (Stock and Praetorius, 
Ber. 1912, 45, 3568). It is soluble in carbon di- 
sulphide, alcohol and benzene ; the alcoholic 
solution decomposes on standing. It is stable 
to water, alkali, acid and chlorine water, and 
decomposes on heating in vacuo into carbon 
disulphide and a carbonaceous residue. It 
polymerises slowly at room temperature and 
rapidly at 100° to a coal-like, non-volatile sub- 
stance, and combines ■with aniline to form thio- 
malonanilide, CH 2 (CS-N H-C e H B ) 2 . 

CARBON DIOXIDE. 

Occurrence . — As carbon dioxide is the final 
product of the oxidation of carbon in organic 
compounds, it is of widespread occurrence.' It 
issues from the ground in some places (volcanic 
districts) as a gas or dissolved in water, often 
under pressure (mineral water). In limestone 
districts the gas may be present to a considerable 
extent in caverns, wells, etc. Carbon dioxide 
is present in the products of respiration of man 
to the extent of about 4% in file exhaled air. 
It is formed by many processes of fermentation 
and by the atmospheric decay of animal and 
vegetable substances, the carbon dioxide evolved 
from decaying manure and from waterlogged 
soils being due to these processes. 

Ordinary air contains between 0-03 and 0-04%, 
but this quantity may be increased considerably, 
particularly in busy streets, since the exhaust 
gases from petrol engines contain up to 13%. 

It is also found in coal mines, where it is 
formed by the oxidation of the coal ; after an 
explosion of “ fire damp ” it is known as 
“ choke damp.” 

The percentage of carbon dioxide in various 
industrial gases is : blast-furnace gas about 
11%, coal gas from retorts and ovens 2—1%, 
producer gas 4-5%, and water gas 5-7%. 

It is also present in the gases from many 
metallurgical processes in which metallic oxide 
or carbonate is reduced. by carbon. 

As carbon dioxide is evolved by plant roots, 
the soil atmosphere contains rather more than 
atmospheric air. 

Production . — Carbon dioxide can be obtained 
by passing air through a red hot coke bed. A 
minimum of excess air is used, giving a mixture 
containing a moderate amount of carbon 
monoxide in addition to the carbon dioxide. 
The hot gas mixture is then mixed with a little 
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excess air (secondary air) and passed into a 
combustion chamber containing a number of 
refractory brick baffles, -where the carbon 
monoxide, hydrogen (from the action of water 
i a pour in the primary air and coke, on the hot 
coke) and hydrogen sulphide (from sulphur in 
the coke), are oxidised to carbon dioxide, water, 
and sulphur dioxide respectu ely. The resultant 
gases, which may be cooled by being made to 
raise steam in a boiler, contain, with careful 
control of air addition, up to 18% carbon 
dioxide, mixed with the nitrogen and some 
ox\ gen from the air used, and an amount of 
sulphur dioxide depending on the sulphur con 
tent of the coke. They are then scrubbed with 
water in a tower containing limestone at a 
temperature of about 40°C. to remove dust and 
Sulphur dioxide, and the carbon dioxide is 
removed by scrubbing with warm (30°—t(fC.) 
potassium carbonate solution (15-20 g /100 g. 
solution). The solution from the scrubber then 
passes to a boiler, after having been preheated 
hj liquor leaving the boiler, where it is heated 
to just over 100°C. by the gases leaving the coke 
bed or the secondary air combustion chamber, 
when the dissolved carbon dioxide is liberated. 
The liquor is cooled and recirculated round the 
scrubber. Sodium carbonate solution can be 
used in place of potassium carbonate, but its 
strength must be reduced on account of the 
lower solubility of sodium bicarbonate. It is 
necessary to carry out the combustion of the 
coke m two steps, since the gases obtained by 
passing air through red hot coke contain 
carbon monoxide which cannot be burnt com- 
pletely by air in the presence of coke. Surplus 
heat from the hot gases is used for steam raising, 
the steam being used to drive the necessary 
machinery . 

Carbon dioxide is concentrated from other 
gases such as water gas, when used for ammonia 
synthesis or hydrogen production. In this case, 
water gas containing about 5-7% carbon dioxide 
and about 40% carbon monoxide is passed 
oxer a catalyst with steam, which converts 
the carbon monoxide to carbon dioxide and 
hydrogen, and gives a gas containing about 30% 
carbon dioxide. This gas ra then scrubbed with 
water under pressure (about 25 aims.) when 
the carbon dioxide is removed The water 
emerging from the scrubber can be used to 
drive a water turbine and generate electric 
pow er or can be let dow n to atmospheric pressure 
directly In cither ease the dissolved carbon 
dioxide is given off and the water recirculated. 
The carbon dioxide will contain hydrogen sul- 
phide, and a little nitrogen, carbon monoxide 
and hydrogen. The hydrogen sulphide can be 
removed by passing the gas through iron oxide 
(bog ore) boxes. 

Carbon dioxide is also separated in processes 
using the Unde Frank Caro process for separat- 
ing and purify »ng gases by liquefaction. 

When natural carbon dioxide is liberated from 
mineral water springs it often contains a little 
hydrogen sulphide, which can be removed by 
washing with potassium permanganate solution, 
and should the gas contain a large amount of 
air, it can be concentrated by washing with 
water under pressure. 


Some carbonates readily evolve carbon dioxide 
on heating, and if the partial pressure of carbon 
dioxide is reduced dunng the heating, the gas 
is evolved at a lower temperature. Thus, 
natural forms of calcium carbonate, dolomite or 
magnesite when heated to redness in a current 
of steam, evolv e carbon dioxide, which is col- 
lected after condensation of the steam. 

Carbon dioxide is also produced by alcoholic 
fermentation during the manufacture of beer, 
etc. It is usually collected from enclosed 
vessels under a pressure just greater than 
atmospheric in order that air shall not be 
drawn into the carbon dioxide evolved. The 
gas from this source usually contains a little 
hydrogen sulphide, and various organic pro- 
ducts and esters which give it an unpleasant 
smell. When required for mineral water 
manufacture and similar purposes, it is often 
purified by cooling and by -passage over active 
charcoal under pressure (Anon., Chem, and Ind. 
1§28, 47, 62). The charcoal is revivified by 
expelling the adsorbed impurities by steaming. 
The use of silica gel for this purpose in place of 
active charcoal is usually earned out under a 
pressure of about SO lb. per sq. in , the gel being 
regenerated by heating. When these methods 
of purification are used, a number of punfyjng 
vessels are installed so that one is always avail- 
able for regeneration A chemical method of 
purification has also been used in which the 
carbon dioxide produced by a fermentation 
process is washed vnth dilute alcohol solution 
and then with water. The aldehydes and higher 
alcohols which are often present are removed 
by washing with potassium dichromate and 
sulphunc acid, the products of oxidation being 
removed by washing with glycerine ( see Reich, 
Chem. Met Eng. 1931, 38, 136, 271). 

Carbon dioxide has' also been prepared, when 
required for mineral water manufacture, by the 
action of acids (hydrochloric or sulphuric) on 
limestone or magnesite (giving magnesium 
sulphate solution, which is worked up), but 
carbon dioxide for this purpose is now often 
supplied in the liquid form, or in the solid form, 
know n as dry tee. 

When the ammonia soda process is used for 
the manufacture of sodium carbonate, the 
carbon dioxide is obtained from limestone kiln 
gases, which contain about 30% carbon dioxide. 
The kilns may be fired externally with producer 
gas and internally with coke to the extent of 
about 10% by weight of the limestone, air 
being blown through the kiln. When carbon 
dioxide for liquefaction is made by this method, 
the sulphur content of the coke is kept low 
beenuse of the formation of sulphur dioxide. 
The gases are then washed with water and the 
carbon dioxide removed by washing with 
potassium or sodium carbonates (for 5 ton s 
carbon dioxide per day the washing towers arc 
9 ft. diameter and 50 ft. high, and contain grids 
packed with coke and the liquor is circulated at 
the rate of about 1,200 gallons per minute), 
when the inert gases and unabsorbed carbon 
dioxide pass to atmosphere. The carbon dioxide 
is recovered by heating the solution. The use 
of triethanolamine, which is alkaline and forms 
carbonates with carbon dioxide, as an absorbent 
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of carbon dioxide has been proposed. The use 
of this absorbent has not yet been firmly 
established (see Reich, l.c.). 

When required in small quantities, carbon 
dioxide is best prepared by the action of hydro- 
chloric acid on marble or sulphuric acid on 
sodium carbonate. 

Properties . — The specific gravity is 1-3833 
(0 2 =I) and d 1-9767 g. per litre at 0°C. and 
760 mm. Hg. 

The determination of the molecular heat of 
carbon dioxide at high temperatures is rendered 
difficult because of its dissociation into carbon 
monoxide and oxygen. From a review of the 
literature, Partington and Shilling (“ The 
Specific Heat of Gases,” p. 203, 1924) give for 
the true molecular heat at constant volume, in 
cals, per g.-mol., the following equation : 

C„= 6-700+ 0-0045f- 1 -02 X 1 0 -«t 2 

The values for Cp~C v given by the above 
authors are 2-051 at 0°C. and 2-039 at 20°C., 
and the ratio GpjC v js 1-303 at20°C. (Partington 
and Cant, Phil. Mag. 1922, 43, 369). 

Carbon dioxide is appreciably soluble in water, 
giving a solution which is acid to litmus. Its 
solubility in water is made use of industrially for 
separating it from other gases. The volume of 
carbon dioxide measured at 0°C. and 760 mm. 
Hg, dissolved by 1 vol. of water when the 
pressure of the gas less that of the water vapour 
is 760 mm. Hg, is given below (Seidell, “ Solu- 
bility of Inorganic and Organic Compounds,” 
1919 ): 

f°C. . 0 10 20 30 40 50 60 
vol. gas 1-71 1-19 0-88 0-67 0-53 0-44 0-36 

The solubility of carbon dioxide in water at 
different pressures is given below (“International 
Critical Tables,” Vol. Ill, p. 260, 1928) : 


CO. 

Pressure, atm. 

c.c. gas. 

20 

25 

16-3 


30 

18-2 


40 

1 22-0 


50 

25-7 

35 

30 

10 


! 40 

14 


50 

17 

60 

40 

8 


50 

10 


60 

12 


70 

14 


Carbon dioxide is adsorbed by wood charcoal 
to a considerable extent (see Homfrev, Proc. 
Roy. Soo. 1910, A, 84, 99). 

It diffuses through vulcanised rubber or 
balloon fabric about 2-5 times as fast as 
hydrogen, and a good deal faster than most 
other gases. 

The vapour pressure of the liquid is : 

<°C. . . -56-6 -50 -30 -10 

p atm. . 5-1 0-7 14-1 26-1 

30 

71 


The critical pressure is 73-0 atms. and critical 
temperature 31-1°C., and the density of the 
.liquid is 0-460 g. per c.c. 

The melting-point of the solid is — 56-6°C. 
at 5-2 atms. and the density is 1-53 at — 79°C., 
and 1-59 at — 100°C. (see “ International 
Critical Tables,” Vol. HI, p. 43, 1928). 

The molecular heat of formation from graphite 
is 94-385 kg.-cals. (“International Critical 
Tables,” Vol. V, p. 181, 1929). 

Although carbon dioxide is not toxic, air con- 
taining more than 30% may prove fatal in 
30 minutes on account of its suffocating action, 
but 4—6% can be inhaled for up to an hour 
without serious effects. The maximum safe 
limit in air is 2-3%. As the gas is practically 
odourless (it has a characteristic effect on the 
nose) and is dense compared with air, it is apt 
to collect in the bottom of vessels, pits, man- 
holes, etc., no person, therefore, should descend 
suspicious pits, etc., unless provided with a gas 
mask and a life-line. 

As carbon dioxide is the final product of the 
combustion of carbon it is a non-supporter of 
normal combustion ; this property and its 
relative density to air are made use of in 
various types of fire extinguishing apparatus. 

Carbon dioxide is essential for plant life, 
sugars being made from it under the action of 
sunlight in the presence of water. 

The moist gas and its solution in water have 
acid reactions, and natural waters, which almost 
invariably contain some dissolved carbon 
dioxide, often, particularly in chalky districts, 
dissolve the limestone to give the bicarbonate, 
which is more soluble in water than the car- 
bonate. Such water, on being heated, deposits 
the chalk because of the decomposition of the 
bicarbonate, or, if the carbon dioxide is present 
under pressure, allows the carbonate to be 
deposited when the pressure is reduced, causing 
the formation of stalactites or stalagmites. The 
deposition of carbonates on boiling the water is 
the cause of “fur” of kettles, “scale” in 
boilers, etc., the water being known as “ tempo- 
rary hard water.” 

Although carbon dioxide has’been thought to 
cause corrosion of iron, it has been found that 
iron can rust under conditions which exclude 
the presence of any appreciable amounts of 
carbon dioxide. The corrosion of iron and 
steel by water depends to a large extent on the 
oxygen content and acidity of the water, and 
carbon dioxide may be present in sufficient 
quantity to affect the Jatter. Carbon dioxido 
gas seems to have little effect on the corrosion 
of iron (see TJ. R. Evans, “ Corrosion of Metals,” 
1926). 

For the equilibria between carbon dioxide, 
carbon monoxide, carbon, and oxvgen, see 
Cabbon Monoxide. 

Carbon dioxide under the effect of suitable 
catalysts and conditions can be reduced to 
carbon monoxide and to methane. 

The reaction 

co 2 +h 2 =co+h 2 o 

is dealt with under Carbon Monoxide. 

The reaction 

C0 2 +4H,=CH 4 +2H 2 0 


t°C. . 
p atm 


0 

34-4 


10 

44-4 


20 

56-5 
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has the following values for the equilibrium 
constant at constant pressure (partial pressures 
in atmospheres). 

p'h.cPch, 

PcO,P H, 

T°K . . 681 709 765 773 

K p . . 313 2 64 1 69 1-58 

(see “ International Cntical Tables,” vu, 244, 
1930). 

When carbon dioxide mixed with excess 
hydrogen is passed orer an active nickel catalyst, 
reduction according to the above reaction com- 
mences at 230*0. If the hydrogen content of 
the gas is insufficient, reduction to carbon 
monoxide occurs. Cobalt can be used in place 
of nickel but is less active and deposition of 
carbon is more likely to occur (see Sabatier and 
Senderens, Ann. Chim. Phys. 1905, [vui), 4 , 424). 
Other metals may also be used and the choice 
of catalysts is stated to be wider if high pres- 
sures are used, but sulphur compounds are likely 
to poison the catalysts 

Gaseous carbon dioxide is used for the manu- 
facture of sodium carbonate by the ammonia 
soda process, ammonium carbonate and bicar- 
bonate. Its use in sugar refining, mineral water 
carbonation, the making of pure alumina from 
bauxite and of salicylic acid from phenol has 
been largely superseded by the use of gas made 
from dry ice. 

In some fire extinguishers the gas is generated 
by tbe action of acid on a carbonate with or 
without the addition of a foam stabiliser. 

As carbon dioxide is essential for plant life 
and is the source of plant sugars, its use has 
been suggested as a plant fertiliser, but there 
are differing views on this use of carbon dioxide 
It has been found that the yields of tomatoes 
and cucumbers under glass have been increased 
by 20% and 1 6% respectively following treatment 
for 1-2 hours daily in an atmosphere containing 
0 6% carbon dioxide for tomatoes and 0 9% 
for cucumbers The carbon dioxide necessary 
can be obtained from the flue gases of the boiler 
used for heating the glass house by absorbing 
the gas in an alkaline carbonate solution and 
liberating tbe pure gas by heating (see Owen, 
Small, and Williams, Ann Appl. BioL 1926, 13, 
560). Tbe use of carbon dioxide for fertilising 
fields by increasing the amount of this gas in the 
atmosphere has been tried, but the results are 
doubtful Two methods have been u«ed, the 
first by adding carbon dioxide gas to the atmo 
sphere and the second by generating carbon 
dioxide on the ground by the use of special 
manures containing peat, charcoal and man- 
ganese peroxide. It is quite likely that the 
production or carbon dioxide by the fermenta- 
tion and decay of farmyard manure is an 
important factor in its use. 

While the application of carbon dioxide 
appears to have possibilities as a fertiliser, a 
pood deal more work is necessary before con- 
ditions for its use can be laid down (see Miller, 
** Plant Physiology,” 1931). 

The ripening of apples in storage can be 
retarded by the use of carbon dioxide, and in an 
atmosphere containing up to 10% carbon dioxide ! 


apples and some other fruit may be kept in 
good condition long after their normal season. 

Carbon dioxide is readily absorbed by alkalis, 
and caustic soda or caustic potash solutions 
are used to absorb the gas in quantitative 
determinations, the alkali usually being titrated 
mth acid using a suitable indicator. For the 
determination of small amounts, such as occur 
m air, excess of banum hydroxide solution is 
used as the alkali ; the carbonate is deposited 
and the solution back titrated with acid using 
phenolphthalem as the indicator. 

Recording instruments for use on kiln gases, 
boiler flue gases, etc., are often u«ed. Some of 
them make nse of a difference in viscosity 
between air and the flue gas, small fans in each 
of the gases being rotated by an electnc motor. 
Others use a katharometer in which the heat 
loss from an electrically heated wire is measured, 
and another depends on the variation m electrical 
conductivity of a solution of banum bicarbonate 
in equilibnum with a saturated solution of 
banum carbonate. 

Liquid and Solid Carbon Dioxide. — 
Carbon dioxide, when compressed and cooled, 
forms a liquid which is sold in cylinders and is 
used for the manufacture of mineral waters, 
and in fire extinguishing apparatus, etc 

For the purpose of making the liquid, the gaa, 
purified as previously described, is compressed, 
usually in three stages (SO lb. per a q. in , 400 lb., 
and 900 lb ), with a drying process using either 
solid calcium chlonde, pdica gel, etc, or by 
cooling between the first two stages. Drying 
is necessary, Since carbon dioxide forms hydrates 
with water. At ordinary temperatures liquid 
carbon dioxide dissolves about 004% water, 
and at 10°C. this separates out as the hexa- 
hydrate, CO z ,6H t O, which is liable to cause 
choking of pipe lines, etc. The gas leaving the 
final stage of the compressor is cooled, when 
the liquid carbon dioxide separates. Liquid 
ammonia is often used far roolrng the carbon 
dioxide gas or liquid before its expansion. 

When tjie liquid is expanded, solid carbon 
dioxide enow is formed and in recent years, a 
considerable amount of 6ofid is made in this 
way and used mainly for refrigeration purposes. 
Although first produced over 100 years ago, 
the solid was first made commercially in 1924, 
since w hen the output has been enormous. 
The original method of manufacture was to let 
down liquid carbon dioxide to ntmosphenc 
pressure and to press the solid snow into blocks 
In thi3 w ay, 1 ton of liquid gave 0 353 ton of 
solid with o power consumption corresponding 
to 208 k.w.h. per ton of solid. By making use 
of the phase diagrams and applying thermo- 
dynamic principles, how e\ er, the liquid is now 
let down in stages, and the power requirements 
have been reduced to 145 k.w.h. per ton of 
solid (Littler, J.S C.I. 1 933, 52, 633). 

Since solid carbon dioxide, known as dry ice 
and under various other trade names, is used 
as a refrigerant and often is in direct contact 
with foodstuffs, its punty is of paramount 
importance, particularly as impurities tend to 
concentrate in the liquid and solid and very 
small quantities of some organic and. sulphur 
compounds may’ give the dry ice an objection- 
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able smell. (Some impurities from industrial 
gases have to be reduced to less than 1 part 
per million.) Most of the methods used for 
purifying carbon dioxide gas have been given, 
but, in addition, the oil used for the lubrication 
of the compressors may cause serious contamina- 
tion of the solid. A refined, odourless mineral 
oil or glycerine is used for lubrication, but care 
has to be taken that no overheating takes place, 
since this may cause the lubricants to decompose 
and result in an objectionable impurity. 

For the Mollier curves for the solid-liquid-gas 
system, a knowledge of which is very important 
for the detailed understanding of the processes 
for the manufacture of solid carbon dioxide, see 
Maiuri (Ice and Refrigeration, 1936, 90, 74). 

In the Frick process for the manufacture of 
solid carbon dioxide, cooled liquid carbon 
dioxide at about 1,100 lb. per sq. in. is admitted, 
through a special expansion nozzle, into a cast 
steel cylinder closed with a movable lid at the 
top and by a hydraulically operated piston at 
the bottom. The admission of liquid is con- 
tinued for a definite period (a few minutes) 
depending on the size of the cylinder, and when 
sufficient carbon dioxide has been expanded, the 
liquid supply is cut off and the bottom piston 
raised in order to compress the snow into, 
usually, a square block. The lid is then removed 
and the solid block ejected. The gas evolved 
during the process is used to cool the inlet 
liquid. 

The Carba process does not make use of 
hydraulic pressure in order to make the solid 
blocks. In this process the converter has a 
filter cloth at the top and bottom and liquid 
carbon dioxide at about 1,100 lb. per sq. in. is 
expanded through a special nozzle into the 
converter. A mixture of solid and liquid carbon 
dioxide thereby collects on the bottom filter 
cloth, the surplus gas being compressed in two 
stages and returned to the system. When 
sufficient wet solid has been collected, a final 
charge of liquid is admitted to ensure the 
complete wetting of the solid. The inlet and 
exit lines are then closed and a bottom valve 
opened ; this allows the pressure to drop 
suddenly and the liquid to solidify, forming 
one completely solid block which drops from the 
bottom of the chamber. The gas evolved from 
this stage is returned to the low-pressure part 
of the system. The uniformity of the solid 
produced by this process depends on a careful 
control of pressures and rates of flow. The filter 
cloth at the top of the converter is used to 
prevent solid from choking the exit gas lines. 

The Maiuri process makes use of liquid 
ammonia for the cooling of the compressed 
carbon dioxide and is claimed to be more 
efficient than older processes in that the pro- 
cess is thermodynamically reversible whereas 
the others are not. In this process the carbon 
dioxide, compressed to a pressure of 85 lb. per 
sq. in., is cooled with water to remove the heat 
formed by compression. The gas is then cooled 
further by ammonia vapours from an ammonia 
evaporator and then passes into moulds cooled 
by the evaporation of liquid ammonia at a 
pressure of about 3 lb. per sq. in. absolute and a 
temperature of about -G0 c C. The temperature 


and pressure conditions are such that the 
carbon dioxide, under a pressure above the triple 
point pressure, is frozen solid, passing momen- 
tarily through the liquid state, giving a dense 
ice instead of carbon dioxide snow which would 
have to be compressed. Liquid carbon dioxide 
at a temperature of about — 50°C. and at a pres- 
sure of about 100 lb. per sq. in. can also be 
made in a similar way. The evaporated 
ammonia is absorbed by weak ammonia liquor 
from which the liquid ammonia is subsequently 
produced by heating under pressure and con- 
densation of the ammonia gas evolved. A 
description of the process is given by Maiuri in 
Ice and Refrigeration, 1936, 90, 74. 

The solid is usually sold in the form of rect- 
angular blocks weighing about 50 lb. each or 
in the form of cylinders 7 in. diameter, 14 in. 
long, weighing 25 lb. 

Dry ice passes directly into gas under an 
external pressure of 1 atm. of carbon dioxide, 
since the triple point is at a pressure greater 
than 1 atm. and, if the pressure of gaseous 
carbon dioxide is altered, the temperature of 
the solid varies. For this reason, the density 
of blocks of dry ice is usually made less than the 
maximum possible (actually about 1-4) so that 
the material is plastic to a small extent. Hence, 
when a block is moved about, the temperature 
drop which occurs on the outside of the block, 
although causing a certain amount of shrinkage, 
does not result in the block flying to pieces, 
since the material is plastic enough to allow the 
shrinkage stresses to be taken up. 

Solid carbon dioxide passes directly into gas 
under ordinary conditions at a temperature of 
— 78°C. giving a very clean and convenient 
source of low temperature for refrigeration 
purposes. Weight for weight, dry ice is about 
twice as effective for this purpose as water ice, 
and about three times on a volumetric basis. 
The solid is easy to handle in spite of its low 
temperature, because of its high latent heat 
and density, and because of the insulating 
properties of the blanket of heavy carbon 
dioxide gas surrounding it. In practice, with 
special containers making use of the insulating 
properties of the gas, the loss on storage is less 
than 1% per day and the length of storage is 
limited by the growth of solid carbon dioxide 
crystals which make the block mechanically 
weak. When transported in special railway 
containers, the loss is stated to be about Ij% 
per 24 hours. 

The advantages of dry ice over water ice for 
refrigeration purposes are that the dry iee is 
much cleaner to deal with, it is a more efficient 
refrigeration agent because of its lower tempera- 
ture, and it can be mixed in intimate contact 
with foodstuffs. Its use has the further advan- 
tage that owing to its effect on bacteria, food- 
stuffs, etc., do not decay as fast in an atmosphere 
of carbon dioxide as they do in air at the same 
temperature. Since it takes about fifteen times 
ns much power to make dry ice as water ice, the 
cost of the former is considerably higher, weight 
for weight, than the latter. 

Apart from refrigeration, solid carbon dioxide 
is replacing the liquid form where the gas is used 
! for carbonating mineral waters, etc., since owing 
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to the absence of a heavy container necessary 
for the liquid, the transport charges are ren 
much lower when the solid is used. When used 
for carbonating, the blocks of dry ice are placed 
in a high pressure container and heated with 
steam, when the gas is evolved under pressure 
(s>e Chcm. Trade J. 1028, 82, 302 ; Littlcr, 
le ; Reich, Chera. Met. Eng. 1931. 38, 136. 
271) 

The use of dry ice as a means of obtaining 
41 shrink fits ” in engineering work has also been 

Liquid carbon dioxide is used a3 a fire ex- 
tinguisher, the solid being produced tiy its 
evaporation and directed through a special nozzle 
on to the fire It is claimed that it is possible to 
walk through a moderate fire if this type of 
apparatus is used, by taking advantage of the 
local cooling effect produced by the evaporation 
of the solid 

It has also been proposed that liquid carbon 
dioxide should be used for blasting and mining 
operations, particularly in cases where there is a 
risk of fire if ordinary explosives are used. The 
principle u«ed is to heat electrically or chemically 
a special cartridge containing liquid carbon 
dioxide and fitted with a disc which shears at a 
pressure of 10— IS tons per sq in. The shearing 
pressure can be varied according to the require- 
ments, and it is claimed that this method of 
blasting gives a true heaving action as distinct 
from a shattering action, resulting, in the case 
of coal mining, in the production of larger lumps 
and a smaller quantity of fine coal The dis 
advantages are that a larger bore hole is 
required and that additional transport costs are 
involved (see Coll, Guard. J927, 135, 286; 
1928, 137, 238 , Chera Trade J 1929, 85, 618 , 
Iron and Coal Trades Review, 1930, 120, 724) 

The liquid has also been used for driving 
torpedoes and for raising sunken ships 

s w.s 

CARBON DISULPHIDE. Thiocarbomc 
anhydride, sulphocarbomc acid, CS, 
INTRODUCTION. 

This compound was discovered by Larapadius 
in 1796 by heating sulphur with charcoal. 
Clement and Desormes in 1802 obtained the 
same product by treating red-hot charcoal 
with elemental sulphur. Its chemical com- 
position was established by Vauquelra. 

Developments in the methods employed for 
manufacturing carbon disulphide have followed 
very circumscribed routes, and even to day the 
only chemical reaction known to be in successful 
commercial operation is that by which it was 
discovered. Many attempts, which will be 
detailed later, have been made in the last 
few y ears to devise other technical methods of 
production, but none of them, so far as is known, 
lias gone bey ond the laboratory or the semi-plant 
stage. The actual technique of carrying out the 
direct synthesis has, however, advanced veiy 
considerably in the last few decades, largely due 
to the rise of the artificial sdk industry, since 
carbon disulphide is one of the raw materials 
of the vi«cosc process and the increased demand, 
and high purity of the product required by this 


new industry has called for increased attention 
to the manufacture and rectification thereof. 

Until the beginning of the present century the 
only commercial method in use was that in 
which reaction took place in retorts made of 
refractory firebrick or cast iron which were 
heated externally by either coke, wood, or 
producer gas, but in 1901 a revolutionary' change 
was introduced by the Taylor electne furnace 
process, in w hich the heat necessary for reaction 
was supplied from inside the furnace instead of 
from outside, as formerly. Manufacturing 
progress lias advanced smee 1900 along two mam 
paths depending on relative costs of power and 
combustible fuels. In districts where cheap 
power is available there is no doubt that the 
ejectnc furnace process has many attractions, 
but in general it can be stated that far more 
carbon disulphide is still made in externally 
heated retorts than by the electrothermal 
method. 

The crude carbon disulphide formed in the 
retorts of either the electric or gas-heated 
process contains sulphur compounds as im- 
purities, and careful purification is necessary 
before the product is fit for sale. Early 
purification methods usually depended on a 
combination of chemical and physical opera- 
tions for the removal of these impurities, but 
recent developments have tended towards 
purely physical separation by distillation 

Manufacture in Externally Heated 
Retorts. 

(a) Development of retort process.— 
C. Brunner in J829 (Pogg. Ann. 1829, 17, 484) 
described the first apparatus to make carbon 
disulphide in quantity. This was constructed 
of graphite and produced 12 to 14 oz of product 
in 2 hours Brunner referred to the possibility 
of increasing the scale of his operation, and his 
apparatus is interesting as it forma tho basis of ail 
subsequent externally heated processes 

Schrotter in Germany (Ann Cheni. u. Pharm. 
1841, 34, 297) advanced the manufacture by 
using an earthenware retort 26-2 cm diameter 
by' G2 8 cm. high, glazed internally, which was 
filled with charcoal and provided with a bottom 
inlet for molten sulphur and a top exit for 
carbon disulphide v apour. This apparatus 
made 20 kg. of product in 12 hours. 

Chandclon (Dmgl poly. J. 1848, 109, 352) 
used a grey pig-iron cylinder 20 cm. diameter 
by 70 cm. high and a zinc condenser which 
produced 6 litres of impure carbon disulphide in 
b-7 hours from 2 5 kg. wood charcoal and 10-15 
kg. sulphur. 

Rapid progress was made in France between 
lt>40 and 1800 by Peroncel, Dciss, ond Gerard, 
Peroncel (Pay en'a Precis Chini. Industnelle, 
Pans, 2nd ed , 1831, 98; Dingl. Poly. J» 
1831, 120, 91) constructed a cast-iron cylinder 
2 m. high by 30 cm. diameter by 6 cm. wall 
thickness, and using either stoneware or zinc 
condensers produced 100 kg. of carbon di- 
sulphide per day. Every 5-8 days, however, the 
retorts became corroded through and bad to be 
renewed. 

Dciss (Dingl. Poly. J. 1830, 140, 133; 1861, 
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159, 436; Compt. rend. 1856, 42, 207) used 
earthenware or cast-iron retorts, 1 m. high by 
40-50 cm. diameter mounted singly or four 
together in one furnace which was heated by 
furnace gases. Each retort was divided internally 
into two parts by means of a perforated shelf, 
the upper compartment being used as a charcoal 
container, and the lower serving as a sulphur 
vaporiser. 

Charcoal was fed into the upper compartment 
at intervals of about 7 hours and after it had 
been heated for If hours in the retort, sulphur 
was fed at a known rate into the bottom portion 
of the casting and distilled upwards through the 
red hot charcoal to form carbon disulphide, 
which together with unconverted sulphur escaped 
to the condensers. The crude product contained 
10-12% dissolved sulphur and was condensed 
in a long train of 18-20 cylindrical sheet zinc 
condensers which were luted into water to trap 
condensed liquid while the uncondensed vap'ours 
passed forward to the final plant exit after 
scrubbing through lime to remove sulphuretted 
hydrogen. Figures given by Deiss showing 
the increase in output and decrease in market 
price of carbon disulphide are interesting. In 
1840 the price was 50-60 francs per kg., but by 
1848 had fallen to 8 francs per kg. In 1856 the 
output had risen to 500 kg. per day from three 
furnaces and the selling price was 50 centimes 
per kg. 

Gerard (Payen’s Chim. Industr., 4th ed., 1859, 
128) introduced retorts with an elliptical cross 
section in order to increase the available heating 
surface for a given volume of heated charcoal 
and by so doing made a very important 
improvement in the design of carbon disulphide 
retorts. Since charcoal is a very poor conductor 
of heat and it is essential to ensure that the whole 
contents of the retort are at a uniform tempera- 
ture, any method whereby this can be achieved 
without increasing the flue temperature outside 
tho casting must inevitably result in a con- 
siderably increased retort life. Gerard’s cast- 
iron retorts were 61 ft. high, 4 ft. 8 in. by 
1 ft. 6 in. in cross section, with a wall thickness of 
1} in. ; and produced about 570 lb. of product per 
day at a claimed efficiency of 90% on sulphur 
and 40% on raw wood charcoal employed. . 

When using unrefined sulphur the retorts 
needed cleaning every fortnight, but on purified 
sulphur they could be kept working for two 
months. 

Galy-Cazalat and Huillard (B.P. 2085, 1S57 ; 
Dingl. poly. J. 1858, 149, 31) constructed an 
earthenware apparatus of a new type in which 
the heat necessary for reaction was provided by 
burning part of the charcoal charge in the lower 
part of the furnace to which molten sulphur was 
fed at the top. This process would be both 
expensive in fuel and dangerous to operate owing 
to risks of explosion. 

A plant erected at Swozowice, near Cracow, 
by the Austrian Ministry of Agriculture to 
provide supplies of carbon disulphide for use in 
tho wine industry for destroying Phylloxera 
(vine-louse) was described bv Navratil (Dingl. 
poly. J. 1878, 227, 289), Winkler (ibid. 1878, 
228, 366), and Mrowec (ibid. 1879, 232, S6). 
Sulphur was extracted by means of carbon 


disulphide from a local earth containing 
14-15% sulphur and was then converted into 
carbon disulphide by the ordinary process in 
earthenware retorts 2-25 m. high and elliptical in 
cross section (1-33 m. by 0-95 m.). The. crude 
product containing 8-10% of dissolved sulphur 
was purified by distillation. 

The earthenware retorts were very unsatis- 
factory and could not be prevented from leaking, 
and, in addition, they needed to be cleaned 
out every fortnight owing to accumulation of 
impurities. This plant did not work long, and 
was replaced by a more modern installation at 
Zalatna in Hungary, described by Farbacky 
(Z. angew. Chem. 1893, 7 , 225) which operated 
with cast-iron retorts 2-52 m. high, elliptical 
cross section (1 m. by 0-56 m.), and lined in- 
ternally with a 2-5 cm. layer of refractory 
paste to protect the metal. These were mounted 
in firebrick settings heated by gas, and had an 
average life of 8 months with a maximum varia- 
tion of 21—15 months. Two earthenware 
retorts in this plant lasted only 4 days each. 

Manufacturing practice in this country in 
1870-90 was described by Singer (J.S.C.I. 1889, 
8, 83). Cast-iron or earthenware retorts were 
used about 6 ft. 6 in. high, elliptical cross-section 
20 in. by 12 in., and had a wall thickness of 
about 2 in. Each retort was surrounded by 
a 4-in. mantle of firebrick, with a space of 
from J to J in. between it and the retort to 
protect the metal from flame impingement, 
the settings being coal or coke-heated. Sulphur 
was melted in a cast-iron box heated by flue gas 
from the setting and the liquid sulphur was 
run by gravity into the bottom of the retort 
through a side arm which protruded through 
the furnace wall and was closed by a door. 
This side arm also served for removing charcoal 
ash from the retort once a week. A lid 
with two branches or hoppers was fitted to 
the top of the retort casting, and while one of 
these was used to vent the retort to atmosphere 
while cleaning or charging with charcoal, 
the second provided the opening through which 
fresh charcoal could be fed to the retort. 
A further branch pipe led away from the 
charcoal feeding hopper at an angle and con- 
ducted the carbon disulphide vapours to the 
condensing system through a capacity vessel 
which served to trap excess sulphur coming 
forward from the retort. Condensation of the 
vapours took place in a 30-ft. Liebig’s con- 
denser luted into water, under which the heavy 
carbon disulphide was collected and run to 
storage tanks while the uncondensable vapours 
were passed up a tower fitted with shallow 
trays over which vegetable oil was circulated to 
absorb residual carbon disulphide vapour. The 
oil was distilled to recover the carbon di- 
sulphide and was then returned to the sj-stem. 
Sulphuretted hydrogen was absorbed in a similar 
tower fed with milk of lime and the sweetened 
exit gas then passed to atmosphere. 

Each retort made from 4 to 5 cwt. of carbon 
disulphide per day, but it is not clear whether 
the crude condensate from the Liebig’s condenser 
was re-distilled to remove sulphur which would 
inevitably be present. Singer’s paper is 
interesting as it provides an early reference to 
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the practice of pre-roasting charcoal before 
charging to the retorts. Holt and Jlillard 
(B.P. 14912, 1895) claimed an increase in yield 
of carbon disulphide from the ordinary cylin- 
drical retorts by using an additional take off 
pipe at the bottom of the retort, thereby allow- 
ing, at will, the reaction gases to pass more than 
once over the heated charcoal before passing to 
the condenser. This process could not be 
successful owing to the continued reversal of 
direction of flow. 

Schcuer (Z. angew. Chem. 1900, 14, 152) 
summarised a number of statistics on carbon 
disulphide manufacture, and also described its 
uses in detail. A plant constructed by Eckelt 
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was described by Schuberg (Z chem. Apparaten- 
hunde, 1905, 1, 10), in which Schamotte 
(refractory claj ) retorts were used. The import- 
ance of this paper lies in the fact that it is 
the first reference to vaporisation and pre- 
heating of sulphur in a preheater external to the 
main retort, and marks n big step forward in the 
manufacturing technique. 

CourtauJds, Ltd., and A E. Dclph (B.P. 
180175, 1921; G.P. 304524 ; B.P. 549351; 
U.S.r. 1754708) attempt to decrease the 
corrosive attack of sulphur vapour on iron at the 
high temperature of reaction bj coating the 
inside of the retort w ith a thin lav er of alum mium 


produced by the following procedure. This 
retort is one third to one-half filled with a 
mixture of 93 parts by weight of granulated 
aluminium, 5 parts of aluminium oxide, and 
2 parts of ammonium chloride, and then 
rotated under vacuum about a horizontal axis 
for 3 hours ut 800'C. in order to fix the aluminium 
firmly to the iron surface. If the coating then 
produced « insufficiently thick, the process is 
continued at 850°C. for a, further 3 hours 
It is very difficult to ensure a completely uniform 
alummised layer on cast iron and if corrosion 
starts at a fault in the aluminium, the iron 
sulphide formed underneath the surface fajer 
rapidly causes blistering of the whole protective 
surface and destroys its usefulness 

Considerable attention was paid to the manu- 
facture of carbon disulphide in Germany after 
the war and rapid progress towards really 
efficient plants was made, especially by the I G. 
Farbenindustne and by Zahn & Co , of Berlin 

The fundamental advance made by the IG. 
workers was in the direction of increased 
throughput per retort, and a series of patents 
was taken out on the superheating of sulphur 
prior to entering the main reaction chamber. 

The master patent covering the general prin- 
ciple of superheating sulphur is G P. 521347 
(BP. 237716, F.P. 583319; Swiss P 117161), 
by E. Legeler, and claims the separate evapora- 
tion and superheating of sulphur pnor to its 
entering the retort which is heated to reaction 
temperature. 

Patents of addition to the above described 
apparatus for carrying out the operation. 
In the first of these (G.P. 521336, 1926; B P. 
282049; F.P. 34G09, 192S, U S.P. 1793181) 
the sulphur superheater consists of a pipe 
arranged inside the retort setting alongside the 
main retort, of length calculated to give the 
requisite heating to the molten sulphur which is 
fed into it from a melting vessel situated 
above and outside the setting The second 
addition patent (G.P. 478378, 1927, BP. 
291382 ; F.P. 36081, 1928) deals with a sulphur 
preheater which is cast as an integral part 
of the main retort but separated from it by a 
retaining wall, the only communication between 
the superheating chamber and the mam retort 
being by means of an opening at the bottom. 
This design of retort is illustrated by Figs I 
and 2, taken from the patent specifications, 
which show a vertical section through the retort 
and a plan respectively. 

A indicates the main retort and B the sujier- 
heater made as one piece in either cast iron or 
cast steel, but with a separating wall as shown 
Both retort and superheater are lined with 
refractory brick m order to protect the casting 
from the action of the sulphur vapour, and the 
superheater is either jucJied with earthenware 
Kasclng ring# or fitted with baffles C in order to 
increase the heat transference to the molten 
sulphur and to increase its time of passage 
through the superheater. The sulphur then 
ffowB in n zigzag path through the superheater, 
passing from bailie to baffle by means of staggered 
slots indicated by D. 

A further additiou patent (G.P. 472189; 
B P. 300579) describes separately heated super- 
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heating retorts of roughly the same shape and 
one-third to one-half the size of the main 
retort. The superheaters are arranged in the 
retort bench so that one of them can deliver to 
one or two main retorts. Suitable internal 
filling materials such as broken firebrick, earthen- 
ware rings, etc., may be used to increase the 
available heating surface of the superheater. 

Koref in 1910 (p. 341) had shown that the 
reaction between carbon and sulphur vapour, 
both initially at about 850°C., is exothermic. 
The large negative heat of reaction found when 
the starting materials are at room temperature 
is almost entirely due to the large negative 
heats of dissociation of the sulphur molecules 
S e and S 6 in passing from the vapour phase at 
440° to that at 850°C., where dissociation to S 2 
is almost complete. In all early plants for 
manufacturing carbon disulphide, the sulphur 
was fed to the retorts as liquid at about 140°C. 
and had to be preheated to reaction temperature 
in the lower part of the charcoal bed under very 
inefficient conditions of heat transfer. This 
inevitably reduced the carbon disulphide pro- 
ducing capacity of the unit, since a large pro- 
portion of the mass of hot charcoal was below 
reaction temperature. By designing apparatus 
in which sulphur could be vaporised and super- 
heated to 850°C. or thereabouts' before coming 
into contact with charcoal a very considerable 
increase in output per retort was immediately 
achieved at the expense of operating and main- 
taining the vaporising equipment, which, 
if properly designed, could be made relatively 
small compared with the size of the retorts 
themselves. 

The well-known chemical plant manufacturing 
firm of Zahn & Co., G.m.b.H. (Berlin) have 
several apparatus patents, the chief of which are 
summarised below : 

G.P. 433588 (1925) which proposed to increase 
the heating surface and also the life of elliptical 
retorts by widening out the bottom portion and 
by casting ribs into this widened base in order to 
obtain wore rapid vaporisation of the sulphur. 
The ribs are found to be unsatisfactory in'prac- 
tice owing to the tendency for slag to accumulate 
between them with consequent increase in 
difficulty' of cleaning and decrease in heat trans- 
fer through the slag layer. 

G.P. 407929, 1925 (B.P, 261990, 1926; P.P. 
672766, 1929), describes a complete continuous 
process in which the sulphur is freed from 
impurities by melting in a box provided at its 
lower end with two compartments, one working 
and one spare, which serve as separators for 
both heavy and light impurities. Molten 
sulphur thus purified overflows from the middle 
of the separator into the base of a retort of 
elliptical cross-section of the type described in 
the previous paragraph, broadened at the 
base with ribs cast in the broadened portion 
in order to increase the heating surface. Carbon 
disulphide thus formed is led to a continuous 
distillation plant which is described in detail in 
the section on purification. 

G.P. 489934 (1927) claims the production of 
carbon disulphide in small, elongated, vertical, 
east-iron retorts which are tiled internally. 

A description of a modern Zahn plant with 
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photographs is given by Schofield (Chem. Age, 
1932, 27, 504). 

In America, Griswold and the Dow Chemical 
Co., Midland, Michigan, U.S.A., have four 
patents (U.S.P. 1705619; 1719509, 1929; 

1785080, 1930; 1848346, 1932) dealing with 
methods and apparatus for preheating sulphur 
prior to feeding to vertical retorts of the ex- 
ternally heated type. Various designs of pre- 
heater are described, e.g. preheaters cast in 
the base of the retort as an integral part of the 
casting, preheaters built separately into the 
furnace setting and connecting to the base of the 
retorts, etc. For details, see the patent specifica- 
tions. 

The use of earthenware retorts persists to the 
present day in certain countries, e.g. Spain and 
the Balkans, and several articles have appeared 
recently describing the operation of such 
installations in Spain. Bohle (Chem.-Ztg. 1924, 
48, 785; ibid. 1931, 55, 198) and Caddick 
(Chem. Age, 1928, 19, 536) give details first of 
the use of carbon disulphide for extracting olive 
oil from the husks of olives after pressing 
(p. 343), and secondly of its manufacture. The 
retorts are of earthenware made on the site, 
and are 2 m. high by 0-5 m. diameter by 15 cm. 
wall thickness, arranged four in a furnace and 
heated by coal. Pine charcoal in pieces 4 in. 
diameter is fed in at the top, and solid sulphur 
is charged from the top through a 3 in. diameter 
refractory tube leading to the underside of a grid 
fixed 8-10 in. from the retort bottom where it 
vaporises and rises through the charcoal placed 
on the grid. 

Bohle (l.c.) gives data as to production and 
yields from these earthenware retort plants as 
follows : 

With 20 retorts, sulphur being fed to the 
battery at the rate of 600 g. every 4 minutes for 
6 hours, followed by a pause of 2 hours during 
which no sulphur is fed, and so on ; thus feeding 
sulphur at the rate of 3,240 kg. in 24 hours, 
3,000 kg. per day of crude carbon disulphide is 
produced. The yields are not so bad as are 
generally expected from the older types of plant, 
the usage of sulphur per ton of pure carbon 
disulphide being 1-17 tons, compared with an 
average of 0-95 ton sulphur per ton with a modern 
tiled cast-iron retort installation. Retorts 
are stated to last often from 2-3 years and cost 
only about 600 pesetas (£37) each. 

(6) Discussion of retort process. (1) Re- 
torts . — It has been shown how the retort 
process developed relatively slowly from the 
early stages of manufacture until quite recently, 
the original retorts made of earthenware being 
replaced first by cast-iron retorts and latterly 
by castings lined internally with fireclay tiles; 
while in some places the original method is still 
in use. 

The main problem confronting the manu- 
facture of carbon disulphide is the intensely 
corrosive nature of sulphur vapour, especially 
above 600°-700°C. Since the only metal known 
to be inert to sulphur, viz., aluminium, is 
unsuitable for these temperatures, and since 
all metals containing iron are readily attacked, 
the problem is serious. 

Cast iron has been used almost exclusively for 
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retort manufacture on account of its cheapness, 
since mild steel is not capable of ■withstanding 
the temperatures employed (900°-950 e C. with- 
out 6oftemng), but the former must be protected 
by an internal lining of firebrick tiles which 
immediately reduces the heat transfer through 
the retort walls. Also in order to obtain the 
requisite degree of strength in a retort 10-12 ft. 
high by 2-3 ft. diameter, the wall thickness 
must be at least 2-3 in , which necessitates 
very heavy castings A further objection to 
cast iron is its “ growth ” at high temperatures, 
which may be as much as 6-8 in in a 12 ft. 
casting, and causes serious difficulties if rigid 
connections are required between the retorts and 
the condensing equipment. 

Attempts have been made to work with cast 
steel, or special alloy steels of much greater 
tensile strength than cast iron, which can there 
fore be made m thinner metal, but the decreased 
weight and only slightly increased life of 
such retorts are more than offset by the 
considerably greater initial cost of the alloy 
steels per unit weight. 

The fundamental objections to the primitive 
earthenware retorts are, first, the difficulty of 
making them completely gas-tight, and secondly, 
the limitation in size caused by the material 
itself, w hich adds considerably to the operating 
costa when small units have to be employed. 

Further, the relatively enormous wall thick- 
ness (C in. for 18 in. diameter retorts in Spain) 
necessary for stability increases the heat wastage 
considerably owing to the poor conductivity of 
earthenware. 

An elliptical cross section is of importance 
in providing both a stronger retort and an 
increased surface area through which heat can 
be transmitted from the furnace to the interior 
of the charcoal bed, and the best modern practice 
uses cast-iron retorts about 12 ft. long, elliptical 
in cross-section with axes about 4 ft by 
1 ft 6m, and wall thickness 3 in., lined 
internally with j in thick tongued and grooved 
firebrick tiles which are set in special cement 
The castings are provided with a side opening 
near the bottom for remov al of impurities 
and addition of sulphur, either as liquid from a 
luted feed box situated in the front wall of the 
furnace or as vapour from a boiler and super 
heater adjacent to the retort setting A top 
costing bolted to the mam retort is provided 
with side outlet for the carbon disulphide 
vapour and a top hopper into which pre 
heated charcoal is fed to the retort at intervals. 
The retorts are mounted singly, or two or three 
together in a suitably designed furnace setting, 
and are fired externally by burning producer 
gas or other suitable fuel with air in a com 
bustion chamber so designed that the whole area 
of the walls is uniformly heated Great care 
must be taken to ensure that no direct flame 
impinges on the castings, as the life of tho latter 
is considerably decreased by local overheating. 

The av erage life of a good tile- lined retort w Inch 
has been used carefully, and in which the tiles 
have been carefully set, is about 8-10 months, 
although certain cases are known in which a life 
of 18-20 months has been attained. It is in- 1 
advisable to allow a retort to cool down to 


ordinary temperatures after a period of use if it 
is to be restarted, as by this procedure the tiles 
tend to become loosened, and attack of the iron 
sets in more rapidly after production is re 
commenced. 

Tie feed of sulphur to each retort must be 
interrupted for some hours at roughly three- 
wceldy intervals for cleaning purposes. This 
operation consists of opening the door on the 
side opening at the bottom of the casting, 
raking out all the charcoal and ash left in the 
unit, and then slicing down the walls with chisel, 
ended pokers to remove wood ash which has 
partially fused to the tile fining. If not removed 
this ash causes arching of the charcoal and 
severely decreases both the heat transference 
through the retort walls and the available 
retort space m which reaction can take place. 
The operation is a very unpleasant one, as small 
quantities of sulphur inside the retort 
immediately ignite when the retort is opened 
and the slicing is normally carried out in 
an atmosphere seriously contaminated by 
suffocating sulphur dioxide fumes 

(u) Sulphur . — Purity of the sulphur to be 
used for carbon disulphide manufacture is of 
fundamental importance owing to the accumula- 
tion of siliceous and carbonaceous residue from 
impure sulphur which settles out either in the 
retort bottom if liquid sulphur is fed direct to 
the retorts, or in the vaporising equipment 
if sulphur vapour feed is employed 

In the majority of early retort processes the 
sulphur wasfed as solid into a cast-iron vessel set 
into the brickwork surrounding the main retort, 
and melted therein by radiation through the 
furnace wall. The molten sulphur then flowed 
continuously by r gravity into the bottom of the 
retort through a lute and was distilled upwards 
through the charcoal in the retort, where it 
reacted to form carbon disulphide, which, 
together with sulphuretted hydrogen and other 
impurities, was led away to the condensing 
plant from an exit pipe at the top of the casting. 
In this process all impurities in the molten 
sulphur passed into the base of the retort and 
settled there, forming a heat insulating layer on 
the bottom. In addition, a sticky mass of liquid 
Bulphur and fine particles of charcoal collected 
in the lower part of the reaction zone owing to 
the poor heat transference retarding vaporisa- 
tion of the sulphur, and this complicated very 
considerably the regular routine operation of 
emptying and cleaning. 

The advantages over the old liquid sulphur 
feed which are obtained by feeding sulphur 
vapour to the retorts are manifold. First, a 
considerably increased output per unit is 
obtained, since the amount of heat required 
inside the retort for preheating sulphur to 
reaction temperature is greatly' decreased, this 
effect being intimately connected with a con- 
siderable economy in fuel and in. the capital cost 
of an installation for a given daily output. 
G.P. 521337 of the I.G. describes this fact and 
claims that by regulating the quantity of sulphur 
fed, and the degree of superheating, the necessary 
temperature can bo maintained by the heat of 
reaction. 

In addition, any residue from the sulphur is 
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collected in the vaporising equipment from 
which it can be cleaned out and disposed of 
conveniently without opening up the retort; 
and finally the fine charcoal ash in the base of 
the retorts is kept friable so that the retort 
cleaning operation is simplified. 

The cost of sulphur is the largest single item 
in the cost sheet for finished carbon disulphide 
and all possible methods of decreasing losses 
must be rigidly examined and adopted. One of 
these most serious losses occurs as sulphuretted 
hydrogen, which is formed by reaction between 
sulphur and residual hydrogen contained in the 
charcoal fed to the retorts. The formation of 
excess sulphuretted hydrogen affects the 
efficiency in two ways : first because of the 
sulphur it contains, and, secondly, inasmuch 
as it finally leaves the plant saturated with 
carbon disulphide vapour which is difficult 
to recover as such, and which, by reason of its 
high vapour pressure and density, represents a 
high weight loss of product. 

(iii) Charcoal . — A good grade of lump beech or 
birchwood charcoal is used for carbon disulphide 
manufacture and a rigorous specification is 
necessary to ensure a uniformly high quality 
of material. Certain features must not be 
overlooked in purchasing charcoal, amongst 
which the following are considered to be the 
most important : 

(а) The ash content must be as low as possible, 
and not higher than 2% by weight. In order to 
ensure this, no bark must be present, and all 
pieces of charcoal must be clean and free from 
dirt. This significance of the ash content of char- 
coal is easily seen when reference is made to the 
retort cleaning operation previously described. 

(б) The particle size must be uniform, pre- 
ferably between 1 in. and 4 in. cube, without 
dust ; in order to prevent excessive packing or 
arching in the retorts and a uniformly even 
internal structure of the charcoal is essential. 

(c) The charcoal must have been retorted 
under carefully controlled temperature con- 
ditions, in practice between 400° and 500°C. 
If made from wood at higher temperatures, 
cracking of residual hydrocarbon oils takes place 
inside the charcoal structure and a very un- 
reactive product is formed, while at lower 
temperatures carbonisation is incomplete. 

Wood charcoal as purchased contains from 
80-88% carbon, 1-2% ash, 4-5% moisture, 
3-4% hydrogen as hydrocarbons, and 5-10% 
oxygen which is present as an adsorbed carbon- 
oxygen complex of the typo CxOy. Before 
this material can be used efficiently in the 
manufacture of carbon disulphide it must be 
pre-hcatcd to about 750°-S00°C. in order to 
remove all water, and as much as possible of the 
residual hydrogen and oxygen initially present 
in the raw charcoal. In the pre-roasting a 
considerable loss in weight occurs, and a good 
reactive batch of charcoal will lose up to 25% 
of its weight at S00°C., under which conditions 
the roasted product will contain from 96-9 7% 
carbon, 1-2% ash, 0-5-1 -0% hydrogen, and 
1-2% oxygen. This material is fed direct 
from the roasters into sealed containers which 
can be discharged into tho carbon disulphide 
retorts out of contact with air. 


G.P. 453504, 1924 (B.P. 236577 ; F.P. 600136 ; 
Swiss P. 116810; U.S.P. 1615659) of the I.G. 
Farbenindustrie covers the pre-heating of wood 
charcoal to ],000°-l,200°C. in special pre- 
heating furnaces before use, but it should be 
noted that although a high pre-heating tempera- 
ture has the desired result of eliminating 
hydrogen and oxygen more completely from 
the charcoal, the reactivity of the latter is 
considerably reduced as the temperature is 
raised. A more useful patent of the I.G. 
(B.P. 283267, 1924) relates to a method of 
activating wood charcoal by the action of sulphur 
vapour at high temperatures ; any carbon 
disulphide formed in this activating process 
being collected and distilled. Other methods 
of activating charcoal have been proposed, 
among which may be cited U.S.P. 1992832 
(1935) by Mootz in which the material is im- 
pregnated with a small quantity of caustic soda. 

Several attempts have been made to eliminate 
the trouble caused by incipient fusion of 
charcoal ash on the walls of the retort. G.P. 
492318 (B.P. 333090; F.P. 682843; U.S.P. 
1795132) of the I.G. refers to the addition of 
inert infusible material such as silica, bauxite, 
etc., to the charcoal in quantities up to 15% 
by weight, which acts as a collector for the ash 
and carries it away to the base of the retort where 
it can be removed by suitable means. A serious 
disadvantage of this method of dealing with the 
problem would be the increased quantities of 
material to be handled. 

A recent patent of the Chem. Fabr. Kalk 
G.m.b.H. (G.P. 605576) proposes to carry on the 
reaction with sulphur and charcoal mixed 
with inert materials such as bauxite or magnesia, 
and to supply the heat required by burning part 
of the charcoal charge. The use of an expensive 
raw material like charcoal fuel, apart from the 
danger involved, could not be justified on 
economic grounds. 

The monograph by Kausch “ Der Schwefel- 
kohlenstoff,” published by Julius Springer, 
Berlin (1929), contains very comprehensive 
information on all aspects of carbon disulphide 
manufacture. In it are quoted production 
figures (p. 128) for a retort plant as supplied by 
Zahn & Co., Berlin : 

CS 2 output per retort per day= 700-750 kg. 

Sulphur used per tonne CS 2 =950 kg. (90% 

yield). 

Dried wood charcoal per tonne 

CS 2 =210-220 kg. 

Coal for heating retorts per 
tonne CS 2 =450—600 kg. 

Steam per tonne CS 2 =530 kg. 

Power per tonne CS 2 =13-3 k.w.h. 

(1 tonne= 1,000 kg.) 

It seems likely that the figures for retort 
output would be very considerably increased if 
sulphur vapour were fed to the retorts. 

Manufacture in Internally Heated 
JIetorts. 

(a) Development of the Electric Furnace Process. 
— The .original electric furnace for the produc- 
tion of carbon disulphide was designed by 
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E. R. Taylor about 35 years ago and operated 
by the Taylor Chemical Co., at Penn Yan, 
N.Y., America. 

Full details can be obtained from the Tarious 
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patent specifications (B P. 25162, 1901 ; 16556, 
1902; G.P. 150826; 150980; 162629; F.P. 
324409 ; 3S4356; U.B.P. 6S8364, 1901; 

702117; 805501; 871971, 1907) and lrom 


articles which have appeared from tune to tune 
in the literature; <■/. Taylor, Trans, dmer. 
Electrochem. Soc. 1902, 1, 115; 1902, 2, 
185; 2. Elektrochem. 1903, 9, 679, 982,' 
J. Franklin Inst. 1908, 165, 141 ; and also 
Ind. Eng. Chem. 1912, 4, 557, in which develop- 
ment of largo size furnaces from small-scale 
plant erected at Pittsburg m 1893 is outlined. 

The essential features of the Taylor furnace are 
shown in Figs. 3, 4, 5, 6 and 7, which are taken 
from the patent specifications. 

Fig. 3 shows a section m elevation through the 
electrodes, and Fig. 4 shows 'a cross section m 
elevation at right angles, the figures being taken 
from the patent specifications. In Fig. 3 is 
shown the position of the electrodes d, D, 
near the bottom of the furnace shaft, which is 
represented as filled with charcoal ; in Fig. 4 
they are seen at d. At k (Fig. 3) are pipes 
through which are passed broken carbons, 
».e. refuse from the factories of carbons for arc 
lights, for the purpose of reinforcing the mam 
carbons , these pass dow n, upon, and over the 
ends of the main carbons, and convey the current 
from the electrodes to the charcoal. The 
intermediate conductive material protects the 
electrodes proper from the intense heat and 
eroding action and thereby prolongs their life. 
It also tends to steady the current, fluctuations 
being mainly due to variations in power and not 
tochangea of resistance in the furnace itself The 
charcoal for the reaction is fed into the furnace 
through the opening (Fig. 3). Preferably 
four electrodes are used m this construction, 
supplied with two-phase alternating current. 
Provision is made for keeping the metallic 
portions of them comparatively cool by feeding 
cold sulphur on to them through the inlets show n 
as o (Fig. 3), and which can be replenished 
through the hoppere n, the sulphur passing 
into the annular chambers shown below the 
hoppers, seen in detail in Figs. 5, 6, and 7. 
The interior of the furnace is thus fillet! with 
sulphur, which is gradually melted and finds its 
way to the reaction zone. By this construction, 
the heat that would otherwise be radiated 
from the external walls of the furnace is 
absorbed, and no outside lagging is needed. 
The furnace is 16 ft. in diameter and 41 ft. 
high It needs much less care and is easier to 
manage than one of the small iron or chy 
retorts generally used. 

In working, charcoal is put into the charge r 
above the bell and the opening sealed. The 
charcoal falls into the shaft of the furnace as 
often as there is room for it, the charger being 
replenished from time to time. The shaft 
sbould be kept filled with charcoal and the 
internal spaces filled with sulphur ; thus there is 
no loss of heat by radiation and tbe heat 
absorbed in melting the aulphur is returned to 
the furnace 

Electricity is supplied in such quantity that 
the electrodes are not submerged in the melted 
sulphur to such an extent as to restrict tbe 
passage of the current. Usually, the electricity 
passes from the one electrode to the other 
immediately opposite, but the direction can be 
changed at any tune so as to pass to the adjacent 
electrode, thus burning out any piers or 
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“ scaffolds ” that may form in the corners which 
would prevent the regular descent of the 
charcoal charge. The sulphur within the 
working chamber z soon becomes melted, and 
its level rises more or less nearly to the top of the 
electrodes. As it approaches the hot zone, the 
sulphur is vaporised and rises through the 
charcoal which, when sufficiently heated, com- 
bines with it, forming carbon disulphide vapour 
which ascends through the charcoal in the shaft, 
and passes out through the pipe i to a con- 
denser. Aluminium bars, 6 in. wide and g in. 
thick, connect the insulated electrodes with two 
Stanley inductive type dynamos, each of 330 
kilowatts capacity, run, as a rule, by water- 
power. The average voltage is about 50. 

Regulation of the furnace output is achieved 
by altering the sulphur feed which controls the 
level in the electrode space to which molten 
sulphur rises, and thus alters the resistance of 
the furnace. 

Taylor states that the furnaces run for 
8-12 months at an average output of 14,000 lb. 
carbon disulphide per day before cleaning is 
necessary, the average outside shell temperature 
under these conditions being 60°-70°C. indicating 
the degree to which heat is retained by the 
sulphur channels in the walls. 

Haber (Z. Electrochem. 1903, 9, 399) gives 
figures for sulphur and charcoal consumptions 
as 1-00 and 0-24 tons per ton of carbon di- 
sulphide respectively, while Kausch (op. cit.) 
states that the power consumption lies between 
1,000 and 1,200 k.w.h. per ton. It is therefore 
obvious that the Taylor furnace has no applica- 
tion to districts where cheap power is not 
available, while a further disadvantage of such a 
large unit is that considerable variations in out- 
put necessitated by fluctuations in trade are 
not readily obtained. Also it is stated that 
when closing down for cleaning purposes, one 
month at least must be allowed for each furnace 
to cool down. 

An electric furnace of a type different from 
the Taylor design was patented by the Chem. 
Fabrik Griesheim-Elektron (B.P. 174040, 1921 ; 
G.P. 383410, 1921 ; F.P. 542518; U.S.P. 
1549812; Can.P. 277731), in which the Taylor 
arc was replaced by resistance heating in a 
vertical shaft furnace between a fixed bottom 
electrode and a movable top electrode. 

The invention lies in the fact that wood 
charcoal itself after pre-heating has a sufficiently 
high electric conductivity to allow a column of 
charcoal several metres high to be heated 
throughout to a uniformly high temperature at 
which rapid reaction with sulphur vapour occurs, 
thus permitting considerably greater outputs of 
carbon disulphide than in the older types of 
furnace in which a large portion of the charcoal 
charge acted as a cooler for the reaction products. 

The shaft furnace is shown in Fig. S, which 
carries at the bottom a fixed electrode B, above 
which the shaft is constricted in order to 
increase the temperature in the region of the 
sulphur feed D, which is connected to a heated 
vessel E. The furnaco shaft is filled with pre- 
heated wood charcoal and the top movable 
electrode F rests freely in this charcoal column, 
being surrounded by charcoal fed in from the 
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hopper G. H is the exit for the reaction products 
and leads to a condensing plant. 

Movement of the top electrode F is obtained 
by means of the rope K and pulley system 
* i i » 'K' J-a- 

A patent of addition to the above (B.P. 
260969, 1926; G.P. 439694, 1925) relates to a 
device for collection and removal of the slag 
formed by reaction between the charcoal ash 
and sulphur residues. The bottom electrode is 
hollowed out into the form of a crucible in 
which the molten slag collects and is rim off 
from time to time. The reservoir of slag serves, 
first, to protect the electrode from attack by 



sulphur, and, secondly, to make better contact 
between the electrode and the charcoal charge 
which dips well below the surface of the molten 

slag. 

The advantages of the vertical shaft furnace 
are discussed at length in Kausch (op. cit.), in 
which the following points are made : 

(1) Small size of furnace, e.g. for 2-5 tonnes 
CS. per day, only 2-5 m. diameter, due to 
larger heated zone. 

(2) More permanent character of brickwork 
than mild steel retorts. Furnaces can be 
shut down and restarted without difficulty due 
to cracking, etc. 

(3) Cleaner working of electric furnace. 

(4) Consumptions — power, 1,400 k.w.h. per 
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tonne CS, ; sulphur, 0 96 tonne per tonne CS s ; 
charcoal, 0 22-0-25 tonne per tonne CS t . 

Richter (Trans Amer. Electrochem. Soc. 1922, 
42, 253) described an electnc furnace operated 
by the Brown Co , Berlin, New Hampshire, 
U.S A. (U.S P. 1312S00), which consists of a 
vertical cast iron cylindrical shell lined with 
refractory bnck, and contains water cooled 
electrodes near the bottom which are fed with 
2-phase 440 v. alternating current. A resistance 
bed of broken arc carbon 13 spread between the 
electrodes, and the wood charcoal rests upon 
this The same paper presents an analysis of 
the thermal balance of the carbon disulphide 
reaction and shows that the thermal efficiency 
(i t the amount of heat needed for the reaction 
compared with that which is actually put into 
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the furnace) is only 31%, most of the remainder 
being lost by radiation. A valuable set of tables 
of thermal data on sulphur and carbon disulphide 
is also given. 

A considerable number of patents have been 
taken out on tho electnc furnace process 
which cannot be described at length A list of 
the patent numbers, with remarks on the more 
important, is gi\ cn below, and further informa- 
tion may be obtained either from the original 
specifications or from Kausch (op. at , pp. 92- 
103). 

A. Walter (G.P. 413777, 1923) described a 
vertical shaft furnace which contained charcoal 
heated by a luminous are in the base, and a 
sulphur-feed vessel heated electrically. Charcoal 
pre heaters were arranged in the top of the 
shaft. Complicated electrical apparatus is 
described forautotnatic regulation of the furnace. 


H. Schulz (Berlin) obtained three patents 
(G.P. 407656, 1923 ; 43S037, 450170, 19’5) for a 
process and modifications thereto w bich consist 
essentially of a fireclay-lined rectangular 
metal retort with rounded comers, 2 m. by 3 m. 
cross-section and 2£ m. high, capable of producing 
500-700 kg. carbon disulphide per day. The 
retort is heated by two vertical carbon resis 
tances which ensure uniform heating of the 
charcoal charge, while sulphur vapour, which is 
pre-heated to reaction temperature by radiation 
from the retort, is introduced at the top, the 
exit for carbon disulphide being at the bottom. 

Charcoal pre-heaters are arranged in the 
furnace lining and can be withdrawn bodily and 
placed in a special charging hopper in the top 
of the retort which prevents contact of the pre- 
heated charcoal with air. 

Diagrams of this apparatus are given in 
Figs. 9 and 10, which are taken from Specification 
No 450170. 

The outside metal case of the retort B is 
lined with refractory brick A as insulation, and 
this in tum has a further metal wall C which is 
protected from attack by the lining D, which is 
gas-tight and forms the wall of the reaction 
apace 

E, E are two resistance heaters connected 
to two electrodes F, F, w hich are spaced so that 
the distance between them is sufficient to 
produce the required reaction temperature. 
The resistors are suitably protected from the 
reaction gases 

In one side wall of the furnace is built a deuce 
L for melting and \aponsing sulphur which 
passes into the retorts, and after conversion the 
carbon disulphide is remoied to the condensing 
plant ua K. 

G represents the filling arrangement for 
charcoal, which l? preheated in metal containers 
Z, fitting into cylindrical recesses V cut in the 
front w all of the furnace (Fig. 10). The charcoal 
containers are closed by two oi erlapping flaps, 
which can be opened from above by a rod and are 
placed in the hoppers Gj or G,. When the lids 
Hj and H, ha\e been closed, thus sealing the 
interior of the furnace, the flaps m the containers 
■rre dr&ppw) aad Ah? AvrC degassed rihrreml 
drops into the retort G t and Gj are u'ed 
alternatively as required 

Schulz claims a purer product with this 
plant than is obtained by the ordinary retort 
process, owing to the fact that the charcoal is 
at uniformly high temperature throughout. 

A detailed description of Schulz’s plant is 
given by II. Babe (Chem.-Ztg. 1926, SO, COO- 
611), in which the power consumption is 
stated to be 700-800 k.wh. per 1,000 kg. of 
product 

G P. 433425 (W Buchner) and F.P. 340S46 
(Soc. Anon. L’Ind. Venttre et Ddrivs.) (J S C.I. 
1904, 23, 828) described a modified form of 
electnc shaft furnace which has four pairs of 
electrodes fixed at intervals up the shaft. 

The Studien-Gesellschaft fur Wirtschaft o. 
Ind. (.Munich) (G.P. 440S63, 1925, and Swi«s P. 
125705) use either silicates or calcium 
as resistance material, and place the wood 
charcoal on grates made of these materials. 
Little significance attaches to this proposal. 
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Zahn & Co. (G.P. 543874, 1930) propose the 
manufacture of carbon disulphide in electrically 
heated retorts in which the heating is from 
outside, the retort metal being protected as 
usual by refractory brickwork. 

C. E. Taylor (U.S.P. 1596902, 1926) describes a 
modification to the original Taylor furnace in 
which a vertical shaft furnace having a bottom 
fixed electrode of cast iron and an upper movable 
carbon electrode is used. The furnace is 
more efficiently lagged than the original design, 
although the annulus of sulphur in the furnace 
wall which is melted by radiation from inside 
is still continued, with an additional sulphur 
feed through an annulus in the device carrying 
the upper electrode. The space between 
the electrodes is filled with broken graphite and 
pre-heated wood charcoal is fed on top of this. 
Apart from detail, the principle underlying this 
furnace seems to be the same as that of the 
I.G. shaft furnace described previously. 

A modification of the Brown Co. furnace ( v . 
supra) is patented in U.S.P. 1737566 (1929), 
where the earlier design is altered by lagging 
the whole furnace shaft with an annular space 
containing electric resistance material which 
can be separately heated in order to keep the 
inside shaft at a uniform temperature. In 
addition, the previous method of adding 
molten sulphur at the top' of the shaft is sub- 
stituted by a sulphur vapour feed between the 
two electrodes in the base of the shaft. 

Two patents of the Dow Chemical Co., 
Michigan (U.S.P. 1892191; 1902668, 1933) 
describe an electric furnace which is character- 
ised by a plurality of electrodes with separate 
switches, and several sulphur vapour inlets 
controlled by valves. 

(b) Discussion of the Electric Furnace Process. 
— The great advantage of the electric furnace 
processes, whether of the arc or resistance type, 
over the gas-heated retorts lies in the fact that 
the source of heat for the former is inside the 
walls of the furnace. 

It has been shown that a refractory earthen- 
ware lining is essential in all carbon disulphide 
apparatus for protection of the metal work, and 
while in the electric furnace this conveniently 
fulfils the dual function of protector from corro- 
sion and heat insulator, in the retort plant where 
the heat is brought in from outside, the lining is 
a serious drawback because of its low heat con- 
ductivity. 

Further, the thickness of the brick lining in 
the electric furnace can be increased to any 
desired figure, since this becomes a heat insulating 
layer and decreases the amount of heat lost 
through the furnace walls by radiation. 

Since the electric process consumes approxi- 
mately 1,000 k.w.h. per ton of carbon disulphide, 
a cheap source of power is obviously necessary 
for economic working, but given this, there seems 
little doubt that the electric furnace has the 
advantage, if only because of the decrease in 
danger due to the absence of flame in the 
retort building. 

The Taylor furnace has the drawback of all 
largo single units, viz., the difficulty of con- 
■ veniently meeting fluctuations in demand for 
the product, but this difficult}- is largely over- 
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come by the later designs which have been 
described. 

With regard to pre-heating of charcoal and 
sulphur prior to reaction, the same remarks 
apply to the electrothermic as to the retort 
process, and whether the pre-heating is done 
by means of gas or electricity, it is absolutely 
essential to degas the charcoal in order to remove 
hydrogen, etc., and extremely desirable to work 
with a sulphur vapour feed entering the reaction 
zone at the normal reaction temperature. 

Other Methods of Preparation of 

Carbon Disulphide.- 

In view of the difficulties connected with 
the manufacture of carbon disulphide from 
carbon and sulphur many alternative processes 
have been proposed which are described in 
detail in Kausch (op. c it., pp. 103-114). A short 
summary of the most interesting of these is 
given below, but so far as is known no com- 
mercial application has been found for any of 
them, 

(а) Manufacture from Hydrogen Sulphide and 

Carbon— A. Walter (B.P. 306220, 1916; 

U.S.P. 1193210) proposed to prepare carbon 
disulphide by passing hydrogen sulphide 
over strongly heated carbon, 

2H 2 S+C=CS 2 +2H 2 , 

and a similar method has been patented by 

H. Oehme and Chem. Fabr. Kalk G.m.b.H. 
(B.P. 314060, 1929 ; G.P. 484569 ; F.P.675709), 
in which 70% conversion of the hydrogen 
sulphide to carbon disulphide at 900°C. is 
claimed. In addition to the above patent, B.P. 
334856 (G.P. 488103) claims the recirculation 
to the conversion system of the unconverted 
hydrogen sulphide after carbon disulphide has 
been condensed, and a second addition patent 
(B.P. 358249; G.P. 517337) works with a 
mixture of hydrogen sulphide and carbon 
dioxide, which is converted to carbon disulphide, 
carbon monoxide, and hydrogen. After removal 
of the disulphide, a valuable fuel gas is obtained. 

The reaction equilibria in the system H 2 S, 
C0 2 , H 2 0, CS 2 have been studied by Terres 
and Wesemann (Angew. Chem. 1932, 45, 795). 

(б) Manufacture from Sulphur and Hydro- 
carbons. — The reaction between sulphur and 
sulphur compounds and hydrocarbons has also 
been investigated, e.g. .methane and gases 
found in natural gas require a very high 
temperature ( 1 ,000°C.) for reaction, and this at 
once gives rise to the difficulty of getting 
sufficient heat into the reaction system to 
produce appreciable quantities of product. 
Unsaturated hydrocarbons, e.g. acetylene, react 
at lower temperatures (400°-500°C.), but the 
cost of acetylene makes such a proposal un- 
economic. The following patents deal with 
this aspect of the subject: Reaction between 
methane, or hydrocarbon gases containing 
methane, and sulphur, or hydrogen sulphide at 

I, 000'C. with or without a carbon catalyst, 

I.G. Farbenindustrie (G.P. 476598, 1927; 

B.P. 293172; F.P. 64SS89 ; U.S.P. 1735409) 
and I.C.I. Ltd. (E.P. 331734, 357994; U.S.P. 
1907274). 
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Reaction between unsaturated hjdrocarbons | 
( tg . acetylene) and sulphur or sulphides at 
400 a -Z0O c V. (Xomlos, Rondos, and Engelko, i 
BP 263904, G P.409839, Swiss I' 126816) ! 

(c) -1/a nu fact ure from Sulphur Dioxide and 
Carbon — R ass aw ami Hoffmann (J. pr. Chem. j 
1922, [u], 104, 207) investigated the reduction 
of sulphur dioxide by carbon, and showed that 
the reactions were very complicated, and that] 
the y icld of carbon disulphide was loo low to be ' 
of commercial importance 

The production of caibon disulphide by this 
method has, however, been patented by L P. I 
Bassett (BP. 207 id, 1913), and by the Dow, 
Chem Co (U S P. 1350858). 

(d) -Miscellaneous. — Carbon oxysulphide, I 

COS, is readily formed by reaction of carbon 
monoxide and sulphur at temperatures below 
C00°C. with a yield approaching 100%, cf. 
Lewis and Lacy (J. Amcr. Chem Soc 1915, 37, 
1932), Stock and Seelig (Ber. 1919, 52, [B], G81), 
and Cross (J. Chim phys 1933, 3,823); and is 
decomposed catatv tically into carbon disulphide 
and dioxide The equilibrium constant of the 
latter reaction at narking temperatures of 500°- 
G00°C is about 0 3, w Inch indicates that unless 
one oi other of the reaction products can be 
removed from the system continuously, the 
yield of carbon disulphide can never exceed 
30%, cf Stock (Bcr 1924, 57, [B), 719) and Cross 
(I c ) In spite of the technical difficulties 
involved in a process of this type, two patents 
have been taken out covering the above re 
actions by the Badisthe Andin u Soda-Fabnk 
(G P 398332, 1922, and G P 413718, 1924) 

The benzole fraction of the oils obtained from 
coal tar and coke oven gas manufacture contain 
small quantities of carbon disulphide, and 
quite recently a method of recovering this 
material by means of the xanthate reaction 
p 343) has been brought forward — HofTert and 
lancock, B P 4IC404 (1934) — which consists in 
using a methyl alcohol solution of caustic soda 
to form sodium methyl xanthate winch separates 
from the benzole, and recovering the carbon 
disulphide from the xanthate by acidification 
and subsequent distillation 

COLLI CT1CIN AND PCRIUCATIOJf OP CRUDE 
Car box Disulphide 

The reaction pioduct passing away from the 
retoits consists of a mixture of inert gases, 
carbon disulphide, sulphur vapour, sulphur 
spray, hydrogen sulphide, carbon oxy sulphide 
and smaller quantities of other volatile sulphur 
compounds These gases arc usually passed into 
a water-sealed mam in which the bulk of the 
carbon disulphide is collected and run to stock 
tanka aa crude material containing up to 3% 
of dissolved sulphur, and quantities of hydrogen 
sulphide, etc. The uncondensed gas contains a 
high percentage of hydrogen sulphide and 
varying quantities of carbon disulphide vapour, 
depending on the temperature at which con- 
densation in the hy draubc main has taken place, 
this gas must bo treated for the recovery of 
carbon disulphide, after w hich it may be sent to 
waste or the sulphur recovered by the usual 
methods 

It w ill be convenient to deal with the rectifica- 


tion in sections, (o) the purification of the 
bulk of the carbon disulphide formed by 
condensation and (6) the recover) of carbon 
disulphide from the exit gases. 


(o) Purification of Crude Carbon 
Disulphide. 

Early methods of purification consisted 
generally of a combination of phjsical and 
chemical processes, m which, for example, tho 
crude carbon disulphide was distilled from the 
sulphur residue and then treated with caustic 
soda or milk of hme to remove hydrogen 
sulphide. Deiss (Dingl. poly. J 1861, 159, 
436; ibid 1803, 170, 295) used large batch 
stills capable of holding 5 tons of crude material 
which took 3-4 da) a to distil. Heating was by 
means of closed steam pipes in the boiler, but 
the last traces of disulphide were removed from 
the residue of sulphur by means of live steam 
Sulphuretted hydrogen was removed from the 
distillate by agitation with caustic Boda 
Bonihrc (Dingl poly J. 18G4, 171, 443) and 
MiUom {Wagner's Jahrcsbcr Chem. 186$, 
928) distilled the crude material from stills in 
the boilers of which the carbon disulphide was 
mixed w ith cither caustic soda oi milk of hme 

Clocz (Compt rend 1809, 69, 1330) hrst 
distilled the crude product and rained out a 
final purification by agitation w ith mercury to 
remove tiaccs of hydrogen sulphide 

Sinccr (JSC I 1889, 8, 83) first removed 
sulphuicttcd hydrogen by counter current wash 
mg with milk of hme and then distilled the 
carbon disulphide. 

Later methods which also relied on chemical 
purification are those of Obach. (J pr Chem 
1882, [uj, 26, 281), Friedburg (Ber. 1875, 6, 
1617), Palmien (Z anal. Chem. 1882, 21, 254), 
and Ruff and Golla (Z anoig Chem. 1924, 
138, 31) 

References to methods of removing odour 
from carbon disulphide are given in Cbem.-Ztg 
1925, 49, 121, 329, 350. 

Little interest was shown m improved technical 
methods of purification until quite recently, 
the practice being to eliminate impurities one" 
by ono by a senes of distillations, first to 
remove hydrogen sulpindo and volatile im- 
purities, then to remove sulphur and high 
boiling impurities, followed by a final distillation 
to eliminate last traces of both type9 of impurity. 
Since, however, the demand for a very pure 
product to supply the artificial silk industry has 
increased rapidly, considerable attention has 
been paid to this aspect of the problem chiefly 
by continental manufacturers. 

The I G. Farbenindustrie has a scries of three 
patents relating to methods of continuous 
distillation {G.P. 436998, 1924; B.P. 238489; 
F.P. 59G52G; U.S F. 1G72948; G.P. 438072, 
1925; B.P. 234G7G, T.P. G0GS41; USP. 
1728C8G; G.P. 4397GG, 1925; B.F. 2C0230; 
F.P. 622452 ; U.S I>. 1C99235, 1733171). 

The first tw o of these patents refer to distilla- 
tion in two columns, connected in series by on 
ov erflow pipe betw een the boilers, the fif*t oi 
which serves to remove volatile impurities at 
the head, while in the second sulphur and 
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non-volatile matter collect in the boiler, and 
pure carbon disulphide distils continuously 
at the head and is condensed. 

The tliird, represented diagrammatical^ by 
Fig. ]], modifies the earlier two-column distilla- 
tion apparatus in an ingenious'manner. A and 
B represent the two packed distillation columns 
mounted in suitable heat insulating material 
provided with reflux condensers A 1 , B 1 , and 
boilers A 2 , B 2 , respectively. 

Crude carbon disulphide is fed continuously 
to the top of column A, from which hydrogen 
sulphide and other volatile impurities pass 
away through the reflux condenser A 1 , and a 



secondary condenser D, to the recovery plant. 
Carbon disulphide condensed here returns to 
column A as reflux, and flows down the column 
until it reaches a point where the temperature 
is approximately the boiling-point of carbon 
disulphide, when it distils ns vapour con- 
taminated with traces of sulphur and hydrogen 
sulphide t hrough tho pipe X to the top of column 
B. Sulphur contained in the feed to A flows 
downwards into tho boiler A 2 , in which a tem- 
perature of 120"C. is maintained, and this sulphur 
can then be recovered continuously or inter- 
mittently from A 2 in a pure liquid state. 

The vapours entering B from X are condensed 
in B l and D, which is common to both columns, 
and flow down B as liquid feed until at a 


point near the bottom of the column the boiling- 
point of pure carbon disulphide is reached, when 
pure vapour distils up the pipe Y to the 
condenser C, in which pure carbon disulphide 
free from sulphur and hydrogen sulphide con- 
denses and runs to stock. The liquid collecting 
in the boiler B 2 , which is maintained a few 
degrees above the boiling-point of pure carbon 
disulphide, consists of a weak solution of 
sulphur in carbon disulphide, and this is fed 
via the pipe e into A 2 for removal of its carbon 
disulphide content as desired. 

Zahn & Co. (G.P. 467920; B.P. 261990; 



F.P. 672766 and 37206, 1926), in their patent 
for a complete carbon disulphide process, the 
first section of which has already been described, 
lead crude carbon disulphide via a siphon 12 
into a steam-jacketed distillation vessel 13 
(Fig. 12), in which sulphur contained in the crude 
material slowly accumulates, and is removed 
from timo to time by pipes 15 to the heated 
separator 14, in which the carbon disulphide 
contained in it is vaporised via 17 into the main 
vapour pipe from the boiler, and the sulphur is 
removed from the bottom and led back to the 
retorts. (For the details of the design of the 
separator the specification must be consulted.) 
Vapour passes from the boiler to the partial 
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cooler 20 In which the carbon disulphide is 
condensed and separated from the bulk of the 
hydrogen sulphide, which passes ria pipe 21 to a 
Claus kiln for recovery of sulphur. The 
condensate from 20 still contains traces of 
dissolved hydrogen sulphide which are removed 
by spraying into a heated separator 23 which 
contains boiling, or nearly boiling, carbon 
disulphide. On entering this vessel the remain- 
ing hydrogen sulphide is driven off from the 
carbon disulphide, and led back n a 26 into the 
main vapour pipe, while the now purified product 
is siphoned na a pipe into the final condenser 25, 
from which it flows to stock. 

The chief features of this process are, first, 
that the temperature of the partial condenser 20 
is maintained fairly high in order to decrease 
the solubility of hydrogen sulphide in the 
condensed carbon disulphide, although this fact 
immediately increases the losses of the latter in 
the exit gas . and, secondly, that the volume of 
liquid in circulation in the system is very 
email, a considerable advantage when fire risks 
arc taken into account. In a patent of addition 
to the above (G.P 469 170, 1927) the crude 
carbon disulphide la first warmed and led into a 
sulphur separator prior to distillation, while 
further addition patents (G.P. 4S3770, 1927, 
and 495098, 1928) claim distilling the carbon 
disulphide from water or a non solvent for 
sulphur, which separates in the still and is 
recovered, or from an alkaline or alkaline earth 
sulphide solution which retains the hydrogen 
sulphide. 

(b) Treatment of the Exit Gases from 
the Plant. 

The gases leaving the plant consist of 
small quantities of inerts (nitrogen, carbon 
monoxide, etc ) together with a high percentage 
of hydrogen sulphide and appreciable amounts 
of carbon disulphide earned aw ay on account of 
it9 high vapour pressure These gases must be 
treated first for removal of carbon disulphide, 
and then for recovery of sulphur from the 
hjdrogen sulphide. The method in general use 
from early days for carbon disulphide recovery 
has been to scrub the gas in a packed tower with a 
non-volatile mineral oil, in which the carbon 
disulphide is readily soluble, followed by steam 
distillation of the oil to recover the dissolved 
disulphide. 

Other possible methods of recovery are by 
adsorption by' active charcoal or silica gel 
(Nicolardot, F.P. 631031) ; by refrigeration to a 
low temperature at which the vapour pressure 
of carbon disulphide becomes very small , and by 
chemical means (Strossacker, Jones, and 
Dow Chem. Co, U.S.P. 176S803, 1771384 
1930), e.g. by caustic alkali or alkali sulphide 
solutions from which the carbon disulphide can 
be recovered by distillation. Recovery of tbe 
sulphur from the residual hydrogen sulphide 
takes place either by burning with air m a Claus 
kiln from which the sulphur is recovered as 
flowers of sulphur (tf. Zabn & Co., B.P. 261990 ; 
G.P. 433587, 1925), or by treatment with sulphur 
dioxide gas, when the sulphur is precipitated, 
as proposed by* Oehme (G.P. 483286), and 


Vogel and Brown Chem. Co., U.S.A. (U.S.P. 
1765809, 1929). 

An apparatus suitable for the automatic 
detection and control of sulphuretted hydrogen 
which depends on the formation of black lead 
sulphide and the effect of this on a photo- 
electric cell ha3 been described by Roberts and 
Minors (J.S C.I. 1934, 53, 526) and is known to 
give very satisfactory results in detecting escape 
of this noxious gas into the atmosphere. 

Stobace, Handling and Transport or 
Carbon Disulphide. 

On account of the great volatility of carbon 
disulphide, together with theextraordinarydegree 
of inflammability of its vapour, very special 
precautions have to be taken in handling it, 
either in the works or during transport. 

Since the liquid is only very slightly soluble in, 
and considerably heavier (rf^°= 1 270) than 
water, a protecting layer of w ater is the simplest 
method of decreasing evaporation losses, and m 
all modern plants movement of the liquid in and 
out of tanks, etc., is effected by water pressure, 
and the final distilled product is stored under 
water prior to packing into containers. Pump- 
ing the liquid is not safe owing to the danger of 
sparks and the possibility of gas locking in the 
P u tnp if the temperature rises or the pressure 
falls. 

Por the same reasons as above, when opening 
op any section of a carbon disulphide plant for 
cleaning or repairs, rigid care must be taken to 
ensure that all containers, pipes, condensers, 
etc., have been thoroughly purged of the vapour 
by an inert gas (CO t , N t , etc.) before air is 
admitted to the system, and, similarly, before 
restarting a section of plant which has been 
opened to atmosphere, the system should bo 
ventilated with inert gas until the oxygen con- 
tent of the issuing gas is down to less than 1%. 
No naked lights should ever be allowed in places 
where carbon disulphide is handled, and during 
operation ngid care must be taken to ensure 
that the whole plant always works under a 
ebght positive pressure in order that no possi- 
bility exists of air being drawn in from outside 
through leaking joints, lutes, etc. An interest- 
ing paper on methods of combatting carbon 
disulphide fires appeared in Chem. Met. Eng. 
1957, 34, 83, m which it is shown that the 
beat and most efficient extinguisher is water, 
added gently, without splashing, to the burning 
liquid, so that it rises slowly to the surface, and 
forms a non-inflammable layer. Foam ex- 
tinguishers and water sprays cause splashing 
of the carbon disulphide and are often ineffective, 
while carbon tetrachloride is not successful until 
usM in quantities greater than that of the 
carbon disulphide. Carbon disulphide vapour is 
ele c tnra]Jy sensitive to a very high degree, and 
*11 containers, pipes, etc., w ith which tbe vapour 
comes into contact must be efficiently earthed to 
prevent the accumulation of. electrostatic 
charges which might give rise to ignition of the 
vapour. It is also highly toxic, inhalation of the 
vapour producing giddiness, v omitlng, and coma. 
After prolonged exposure, even in very dilute 
concentrations, it produces serious effects on the 
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nervous system. It should, therefore, never 
be used in a confined space, e.g. all packing of 
carbon disulphide from stock tanks into con- 
tainers should be done in the open air, and any 
room or shed in which the material is handled in 
bulk, e.g. in artificial silk factories, must be 
provided with $n efficient draughting system 
which is capable of picking up the heavy 
vapour from the floor of the shed and dis- 
charging it outside. The transport of carbon 
disulphide is subject to the provisions of Statutory 
Rules and Orders, No. 583 (1935), issued by the 
Home Office, in which specifications for different 
sizes of containers are detailed. The package, in 
general use is a 50-gallon mild steel drum with 
dished ends and two rolling hoops to protect 
the drum from damage. All drums are filled 
by weight, and have • a 7£% air space when 
filled to allow for expansion, and are tested 
hydraulically to 20 lb. per sq. in. in order to 
ensure that they are in sound condition. 

Physical and Chemical Pkoperties. 

Carbon disulphide is a colourless and extremely 
volatile liquid ; the commercial product has a 
pungent and foetid smell, but when purified it 
has a sweet ethereal odour and an acrid taste. 

The following summarised figures give recent 
data on the important physical properties. 

Freezing-point. — U1*0°C. (Timmermans, Bull. 
Soc. chim. Belg. 1934, 43, 62G). 

Boiling-point. — 40-25°C./760 mm. (von Unruh, 
Z. anorg. Chem. 1902, 32, 407); 4G-25°C ./ 
700 mm. (Timmermans, Bull. Soc. chim. Belg. 
1924, 24, 244); 46-27°C./700 mm. (Mathews, 
J. Amcr. Chem. Soc. 1920, 48, 502). 

Vapour Pressure. — (mm. Hg/°C.) 128-39/0, 
198-01/10, 290-48/20, 432-70/30, 010-75/40, 

859-49/50, 1172-9/00, 2002-1/80 (Mellor, “In- 
organic and Theoretical Chemistry,” Vol. VI, 
p. 100, Lond. 1925). 

Latent Heat of Vaporisation. — 0-00 kg.-cal./mol. 
(Faust, Z. physikal. Chem. 1924, 113, 482). 

Specific Heat. — 0-229G/0°C., 0-239/30°C., 0-249/ 
G0°C., 0-201G/100°C., 0-288/ 100°C. (Hirn, Ann. 
Chim. Phys. 1807, fiv], 10, 32). 

The molecular heat of carbon disulphide 
vapour has been calculated from spectroscopic 
data by Bryant (Ind. Eng. Chem. 1933, 25, 
009) and is expressed by the following formula : — 
Cp=9-70+0-0000102T+0-000001894T 2 . 

The error is estimated at less than 5% below 
400°C. and 2% between 400° and 2,000° abs. 

Density. — l-29215/0°—4 D C. (Thorpe, J.C.S. 
1880, 37, 304); l-2909/l-5°C., l-2594/23°C., 
l-2494/30°C. (Gladstone, J.C.S. 1891, 59, 
291); 1-20G1/20°C. (Haagen, Ann. Physik. 
1807, 131, 121); 1 -2209/40-25°C. (von Unruh, 
Z. anorg. Chem. 1902, 32, 407). 

Vapour Density. — 2-07 (air=l) at N.T.P. 
(V. Moyer and C, Meyer, Ber. 1878, 11, 2257). 

Heat of Formation. — 20,010 g.-cal./mol. as 
vapour nt constant pressuro from amorphous 
carbon and solid rhombic sulphur (Thomsen, 
Ber. 1SS3, 16, 2610); —22,100 g.-cal./raol. from 
carbon and solid sulphur (Berthelot, Ann. 
Chim. Phys. 18SI (5), 23, 209); and +12,500 
g.-cal./mol. ns vapour from carbon and sulphur 
vapour (Koref, Z. anorg. Chem. 1910, 66, 73). 


Solubility of Water in Carbon Disulphide . — 
(g. per 100 g. H 2 0) -0-0!0/25°C„ 0-0U/26°C., 
0-012/27°C. (Clifford, Ind. Eng. Chem. 1921, 13, 
628). 

Adsorption of Carbon Disidphide Vapour by 
Carbon. — Coolidge (J. Amer. Chem. Soe. 1902, 
24, 1146 ; 1924, 46, 596) ; Schmidt and Hinteler 
(Z. physikal Chem. 1916, 91, 103) ; Tryhorn and 
Wyatt (Trans. Faraday Soc. 1927, 22, 134). 
Heat of adsorption on carbon, 9,650 eals./g. 
mol., (Miga, J. Chem. Russ. 1935, 5, 197). 

Adsorption by Alumina Gel. — Perry ( J . Physical 
Chem. 1925, 29, 1462). 

The equilibrium of the formation of carbon 
disulphide from amorphous carbon and sulphur 
vapour was studied by Koref (Z. anorg. Chem. 
1910, 66, 73) by the streaming method of Nernst 
in the temperature range 800°-l,100°. His 
values for the equilibrium constant, 


are as follows : 7-8 x 10 -2 at 823°C., 11-5 x 10 -2 
at 90G°C., 17-0x10-- at 1,009°C., 25-8xl0“ 2 at 
1,110°C., from which the heat of formation of 
carbon disulphide from carbon and sulphur 
vapour was calculated by means of the Van’t 
Hoff isochore to be +12,500 g.-cal./mol. CS 2 . 
The exothermic nature of the carbon disulphide 
reaction at high temperatures was thus estab- 
lished, and the discrepancy between this and 
Thomsen and Berthelot’s early values from 
liquid sulphur was ascribed to the high latent 
and specific heat of sulphur vapour. This point 
has already been stressed in connection with 
the manufacture of carbon disulphide. 

On account of the known dangers attending 
handling of carbon disulphido due to its in- 
flammability, considerable work has been done 
on limits of inflammability and ignition tem- 
peratures of the vapour with air. Le Chatelier 
and Boudouard (Compt. rend. 1898, 126, 1512) 
showed that a concentration of 0-063 g. per 
litre of air was inflammable ; Kubierschky 
(Z. angew. Chem. 1901, 15, 129) determined 
limits from 4% CS 2 to saturation point; Berl 
and Fischer (Z. Elektrochem. 1924, 30, 29) in a 
glass bulb 27 mm. diameter found 2-22-31-2%, in 
a glass bulb 18 mm. diameter, 2-69-30-2%, in 
an iron vessel at room temperature, 3-38-29-2% 
CS 2 ; A. G. White (J.C.S. 1922, 121, 1244), 
1-00-50% for upward propagation, and 1-91— 
35-0% CS 2 for downward propagation. For the 
effect of other vapours on the limits of inflam- 
mability, cf. A. G. White (J.C.S. 1927, 793). 
Ignition temperatures vary considerably accord- 
ing to the concentration of carbon disulphide 
vapour in the mixture, but under certaiii'con- 
ditions ignition can occur well below 100°C., 
which indicates the great danger involved in 
handling carbon disulphide. Dixon and Russell 
(J.C.S. 1899, 75, 600) reported an ignition 
temperature of 200°C. ; Tizard and Pye (Phil. 
Mag. 1922, 44, 79) gave 253°C.; and Dixon 
(Rcc. trav. chim. 1925, 44, 305) found variations 
from 120°-I50°C. ; WartenburgandKannenburg 
(Z. physikal. Chem. 1923, 105, 205) gave 230°C. 
In the presence of excess oxygen, violent detona- 
tion occurs, the highest velocity of detonation 
observed being 2,040 m. per sec. with the 
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mixture CS t +fJOj. and the products of com- 
bustion are sulphur and carbon dioxide with 
traces of carbon oxysulphide. In a deficiency of 
0x3 gen, carbon monoxide, free sulphur, and 
unchanged carbon disulphide occur in the 
combustion products. If moist air is used 
hydrogen sulphide is formed (Tizard and 
Pye(ic.)). 

Reduction of carbon disulphide with nascent 
hydrogen (zinc and hydrochloric acid) gives 
thioforraaldeh) de (CH 2 S) 3 (Gerard, Compt. 
rend. 1856, 43, 396), and passage with hydrogen 
over heated nickel forms mercaptan like com- 
pounds (Mittasch, J. pr. Chem. 1903, f 11], 63, 
103) Evans and Stanier (Proc. Roy. Soc. 
1924, A, 105, 626) examined the reduction with 
l^drogen on nickel catalysts. 

Carbon disulphide reacts with water under 
pressure (Schutxenberger, Bull. Soc. Chjm J876, 
25, 146) to form indefinite compounds of hydro- 
gen sulphide and carbon disulphide which 
decompose at 130°C. reforming the components 
At higher temperatures carbon disulphide and 
water give rise to carbon oxysulphide, while at 
400’ > -500 < ’C. carbon dioxide and hydrogen 
sulphide are formed. 

Reaction with aqueous alkali forms a mixture 
of carbonate and thiocarbonate, nbile alcoholic 
solutions of alkalis dissolve carbon disulphide 
readily, giving rise to the important compounds 
known as xanthates, 

CSj+AOH-f ROH-e S.C(OR)SA-f H t O 
A = Alkali metal. 

R= Alkyl group. 

An important use of the xanthates lies in the 
domain of metallurgy for the flotation of certain 
metal sulphides from ores containing them, but 
the main significance of the xanthate reaction 
lies in the preparation of viscose, which is 
the sodium salt of cellulose xanthate, and w 
prepared by action of carbon disulphide on 
alkali cellulose. 

Chlorination of carbon disulphide is an 
important industrial reaction, as it forms the 
basis of the technical manufacture of carbon 
tetrachloride. For details of this process, see 
Qjmhiv*. Tmramm. 

The action of carbon disulphide on metals 
gives D3o to carbon and metallic sulphides, e g 
magnesium (Schonn, Z anal Chem. 1869, 8, 
398); mercury (von Bolton, Z. Elektrochem. 
1910, 16, 667 ; Tammann, Z. anorg. Chem. 
1921, 115, 145) ; copper (Schwarz, Dingl. poly. 
J. 18G9, 191, 399) ; iron and copper (Merz and 
Wcith, Ann. d. Chem. 1868, 514). For mis- 
cellaneous reactions, see Cavazzi (Gazzetta, 1887, 
17, 577), Sljims and Huttner (Z. anorg. Chem. 
1916, 95, 25 7) 

. The B.S S. for carbon disulphide (No. 662 of 
1936) requires 1-270-1-274, distillation 
<95% below 46 4°/760 mm. 

A full description of the chemical reactions of 
carbon disulphide is given by Kausch lop. at., 
pp. 26-62). 

Uses of Carbon DisctPjnnE. 

The major uses of carbon disulphide have 
altered \ery considerably in recent years for 


several reasons. In the first place, the rapid 
rise of the viscose artificial silk industry has 
caused a x ery great increase in the consumption 
of carbon disulphide, which has, however, been 
ofiset to a large extent by its decline from 
favour as a solvent, owing to its toxicity and 
inflammability. The solvent properties of 
carbon disulphide are shared by two other 
compounds, carbon tetrachloride and tri- 
chlorcthylene, and since the latter are non- 
mfiamraable, and triehlorethyleno is less toxic, 
many of the solvent processes, e g the extrac- 
tion of grease, oils, fats, waxes, etc , no longer 
employ carbon disulphide but use the less 
dangerous chlorinated compounds of carbon. 

Carbon disulphide finds considerable applica- 
tion in the rubber industry as solvent in the 
cold x ulcamsation process, and as solvent in 
the process of water-proofing fabrics. It 
is also used as the starting -point for the manu- 
facture of carbon tetrachloride by the chlorina- 
tion process (see under Carbon Tetrachloride), 
as a fumigant, and in the manufacture of 
xanthates which are used in the flotation of ores. 

(a) The Manufacture of Viscose Silk. — By 
far the greatest quantities of carbon disulphide 
produced to day are used for the manufacture 
of viscose by the action of carbon disulphide and 
caustic soda on cellulose, a reaction discoxered 
by Cross, Bevan, and Beadle m 1892, who 
obtained a viscous orange-yellow mass. Wood 
cellulose is used as the raw material, obtained 
from pine or fir wood by chemical purification 
using bisulphite solution under pressure. 
This pre treatment of the wood dissolves out 
the non cellulosic materials, and leaves a 
mass of fibrous particles consisting chiefly of 
a cellulose, which is then bleached by the usual 
means. It is then treated with 18% caustic soda 
solution (tnercensation), when the a-cellulose 
combines with the alkali to form alkali cellulose. 

ThB sheets of alkali cellulose are then pressed 
and shredded by special machines, and finally 
left to mature for 2-3 days at a temperature of 
approximately 25°C. The changes undergone 
during the maturing process are not known 
completely, but probably involve some degrada- 
tion. m. th/t ceJli ilowt. mnJfifj ikt . 

The carbon disulphide reaction now takes 
place in a revolving horizontal mixer provided 
with cooling arrangements to remove the heat 
of reaction, the matured alkali cellulose being 
charged into the mixer, and carbon disulphide 
in measured quantity run in, the temperature 
being maintained below 28°C. for 2-3 houw, 
after which absorption is completed; 2-3/4 
of unabaorbed carbon disulphide is removed 
by an air blast. 

The product consists of a dark orange yellow 
spongy mass of sodium cellulose xanthate, 
S C(8Na)0-CjH # 0 4 , which is next dissolved 
in 3-4% caustic solution, and left to mature at 
15°C. for 2-5 days with frequent filtration, before 
spinning. The colour of crude viscose la 
ascribed to the presence of sulphur impurities, 
t/j. sodium tnthiocarbonate, formed by the 
reaction between the excess of caustic soda and 
carbon disulphide according to the equation, 

3CSj+BNaOH=2NaCS s -f Na,CO,+ 3H,0 
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together with sulphides and polysulphides, etc. 
These impurities are, however, decomposed 
during spinning by the sulphuric acid in the 
coagulating bath with evolution of hydrogen 
sulphide, which must be removed by efficient 
ventilation. 

According to theory, 100 kg. of chemically 
pure alkali cellulose require 24-7 kg. of 
caustic soda, and 40-9 kg. of carbon disulphide ; 
in actual practice, however, this theoretical 
quantity of carbon disulphide is never used, 
the usual quantity being only 31-33 kg. of 
carbon disulphide per 100 kg. of pulp. For 
full description of the use of carbon disulphide 
in the viscose silk industry, see ICausch (op. cit., 
pp. 107-179) and also the monograph “ Artificial 
Silk,” by Reinthaler (translated by Rowe), 
published by Chapman and Hall (1928). 

( b ) Carbon Disulphide as a Solvent . — From the 
early days of production carbon disulphide 
was used in large quantities for the extraction 
of oils, fats, and grease from a variety of 
commodities, but it has now been almost 
entirely replaced for this purpose by tri- 
chlorethylene. 

As a matter of historical interest, Deiss 
(Dlngl. poly. J. 1857, 146, 433 ; 1861, 159, 430 ; 
1863, 170, 290; G.P. 13252, 40015) described 
the method of extraction of fatty oils from seeds, 
oil cakes, also other pressed residues on a large 
scale, in which 25 tons of oil cake w'hen treated 
with carbon disulphide, gave 21 tons of veget able 
oil in a 30 hours cycle. 

The use of carbon disulphide as solvent 
persists in certain parts of Europo to-day, e.g. 
in Spain, u'here it is used for extracting olive 
oil from the pressed residues of olives. Bohlc 
(Chem.-Ztg. 1924, 48, 745, 785; ibid. 1931, 55, 
981), Caddick (Chem. Age, 192S, 19, 530), 
Anon. (Chem. Trade J. 1932, 91, 398) described 
the method in use in which the pressed residues 
(“ Orujo ”) arc extracted in large iron cylinders 
8 ft. diameter by 15 ft. high, holding 7 tons of 
orujo, by means of carbon disulphide, 10 tons of 
which per charge arc forced into the cylinder at 
tho bottom, and allowed to digest for two hours. 
Two cylinders arc used in series, the partly 
saturated disulphide passing counter-current 
to the incoming residues. Four extractions are 
necessary on each chargo of residues in order 
to remove tho oil. The solution of oil in 
disulphide is passed to steam-heated Lancashire 
boilers in which tho solvent is distilled off and 
returned to tho system. The quantities of oil 
extracted from the chnrge arc 700, 170, SO, 50 
kg. during each of tho four washes respectively, 
and tho final residues contain 2-5% of oil 
compared with 10-27% on entering the extrac- 
tors. Losses of carbon disulphide arc only 
0-1% of that used, but Bohlc states that trans- 
port difficulties are so great, during summer in 
South Spain that trichlorethylene is being 
seriously considered as an alternative in spite of 
its higher price. 

Greece imported, in 1920, 900 tons of carbon 
disulphide for the extraction of oil from residues, 
529 tons being obtained from France, and 371 
tons from Italy (Chem. Trade J. 1928, 83, 192). 

(c) Carbon Disulphide in the linbber Industry. 
--The earliest patent on the use of carbon 
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disulphide in the cold vulcanisation of rubber 
was that of Parkes (B.P. 11147, 1846), in which 
a solution of sulphur chloride in the solvent was 
used. This was followed by patents of Forster 
and Hartfield (B.P. 3215, 1868) and Forster 
(B.P. 1532, 1877). The process using carbon 
disulphide as solvent has been developed con- 
siderably. Conillardon (F.P. 384061) uses 

a solution of sulphur chloride in carbon di- 
sulphide which is saturated with sulphur ; 
Le Blanc and Kroger (G.P. 408306, 409214) 
a solution of sulphur thiocyanate in carbon 
disulphide; Catalpa Ltd. (B.P 170682; G.P. 
411522) use organic bases and a filler with 
carbon disulphide as solvent; Naugatuck 
Chem. Co., Connecticut (F.P. 561819, 587933) 
use carbon disulphide with a mixture of in- 
organic compounds and amines, e.g. 100 parts 
rubber, 10 parts zinc oxide, 3 parts sulphur, 
5 parts benzylamine, 5 parts carbon disulphide, 
left at 100°-140°C. for 48 hours. Other patents 
on this subject are U.S.P. 1537805, 1551042, 
1574076 (Miller Rubber Co.), and U.S.P. 
1521739 (Dovan Chem. Corp., Wilmington), 
which deal with vulcanisation accelerators. 

(d) The Manufacture of Xanthates . — Xanthates 
are readily prepared from the alcohol, carbon 
disulphide, and caustic soda. The latter is 
dissolved in the alcohol in an agitator, and the 
mixture cooled to room temperature, when 
carbon disulphide is added at such a rate as to 
keep the temperature at 20°-30°C. until reaction 
is complete, in about 4-7 hours. After distilla- 
tion of any unchanged carbon disulphide and 
alcohol, the powdered xanthate is dried in vacuo 
and packed for sale. The reaction is shown in 
the following equation : — 

OEt 

/ 

CS,+ NaOH+EtOH = S:C +H z O 

^SNa 

Sodium ethyl xanthate. 

British Dyestuffs Corporation (B.P. 292500) 
use the straightforward reaction described 
above, whilst a modification is described in 
U.S.P. 1559504 (Crowell and Breckinridge, 
California) in which an inert solvent such as 
toluene or kerosene is used. The mixture of 
caustic soda and alcohol in the solvent reacts 
almost quantitatively with carbon disulphide 
to form xanthates. The toluene is distilled off 
in vacuo and takes the water with it which 
facilitates drying. 

U.S.P. 1591723 adds a mixture of carbon 
disulphide and alcohol to solid caustic soda, 
whilst tho Great Western Electro-Chemical Co. 
California, in U.S.P. 1630229, carry out the 
reaction in contact with a chlorinated hydro- 
carbon (e.g. carbon tctracldoride, trichlorethyl- 
cne, etc.). A further patent of the latter firm 
(U.S.P. 1606573) covers the production of di- 
xanthates by an electrolytic process. Tho 
most important use of xanthates is in the manu- 
facture of viscose silk; other uses are in 
connection with the flotation of ores and the 
vulcanisation of rubber. It is also used ns a 
fungicide. 
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(e) Carbon Hisulph idt as F umiganl . — The toxic 
properties of carbon disulphide were early 
applied for fumigation purposes, and large 
quantities of the substance were used in vine- 
yards all over Europe for destroy ing the vine- 
louse (PhyUartro). the plants at Swozowice and 
Zalatna, Austria-Hungary, described previously, 
being built specially In order to provide supplies 
of carbon disulphide for this purpose. 

\ arious mixtures of carbon disulphide have 
been used for fumigation, t g. with pyridine and 
nitrobenzene (G P. 343S65, 346643); with 
potassium thiocarbonate ; with carton tetra- 
chloride, and mono chlorbenzene (Aost P. 94342), 
emulsions xv ith w ater, etc 

Other uses m fumigation are in the control of 
various insect pests, and extermination of 
vermin, such ns truce, rata, rabbits, etc. A 
lengthy description of the uses of carbon 
disulphide for fumigation will be found in Kausch 
(op. ett , pp. 154-161) 

Statistics. — Production statistics in respect of 
the chief manufacturing countries are not 
available m a detailed form for a number of 
reasons, but very illuminating figures in respect 
of the international trade in carbon d .sulphide 
are given in an article in Chem Trade J. 1937, 
lOf, 250. 

World production of carbon disulphide 
increased from 110,000 to 260,000 tons per 
annum between 1929 and 1936, more than 80% 
of this total being employed in the production bf 
artificial fibres, based on cellulose xanthate as 
an intermediate stage. It is probable that 
almost 90% of the world output of carbon 
bisulphide is produced in six countries, viz 
Germany, Japan, VS A , Italy, United King- 
dom, and France. 

An approximate estimate of current pro- 
duction jn the United Kingdom is between 25,000, 
and 30,000 tons, an additional 500-1,000 tons 
per annum being imported 

Details of import and export trade for the 
majority of European countries and certain 
American and Asiatic countries are also given m 
the article referred to above. F. R 

CARBON MONOXIDE. 

OccuRREhCE. — Carbon monoxide is present 
m the atmosphere of industrial towns, its con 
tent often being 5 parts per million of air. Ita 
presence is due to incomplete combustion in 
industrial and domestic fires, furnaces, and in 
internal combustion engines. The carbon mon- 
oxide content in a garage may be still higher, 
and in a large garage its concentration in the 
air has been found to be 164 parts per million 
with a momentarily amount of 890 parts per 
million (Katz and Frevert, Ind. Eng. Chem. 
1928, 30, 31). The exhaust gases from motor 
vehicles contain up to 12% carbon monoxide, 
high figures being obtained because the car- 
bureftors are normally set for maximum power 
and not for economy. In any case, some carbon 
monoxide is, in practice, certain to be present. 
The ventilation of the atmosphere in tunnels 
carrying motor traffic is therefore of considerable 
importance. 

Tobacco smoke also contains some carbon 
monoxide, and according to Armstrong and 
Evans (Brit. Sled. J. 1922, I, 992) cigarette 


smoke contains 0 6-0 9% carbon monoxide, 
smoke from pipes 0 7-1-1%, and that from cigars 
6-8% when smoked quickly. ' The rate of 
smoking and the closeness of the packing of the 
tobacco are the chief factors. 

Even with a well aerated Bunsen flame burning 
coal gas, the carbon monoxide content of the 
products of combustion is as high as 31 parts 
per million in the undiluted dry products, and 
in a poorly aerated flame, 44 parts j in the 
combustion products of a luminous flame, the 
quantity falls to 13 parts per million (Dav tes and 
Hartley, J.S C.I. 1927, 46. 201T). The results 
of the determination of the small quantities of 
carbon monoxide produced when burning coal 
gas in normal domestic gas appliances is given 
in various reports by the Gas Investigations 
Committee of the Institution of Gas Engineers 
(see Gas J. 1928, 182, 880). 

The gases in street manholes have been found 
to contain large quantities of carbon monoxide, 
in some cases more than 0 1% (Katz, 3feiter,and 
Bloomfield, U.S. Bur. J lines, Rept. Invest. 
No. 2710, 1925) 

Gases from coal mines also contain carbon 
monoxide resulting from partial combustion of 
coal, from the products of combustion of the 
explosives used m mining the coal, and a3 the 
result of “ fire damp ” explosions — the gas con- 
taining the carbon monoxide is then spoken of 
as “after damp.” During the war, poisoning by 
carbon monoxide, resulting from the explosion 
of propellant and high explosives, became 
serious, since dangerously high concentrations 
were liable to be found in naval gun turrets, 
machine gun emplacements, pill boxes, tanks, 
etc., and as a result of mining and sapping 
operations. Respirators were devised to deal 
with these situations. 

Carbon monoxide is also formed by the action 
of oxygen on certain organic substances such as 
pyrogallol, and for this reason precautions must 
be taken when using this reagent for the deter- 
mination of oxygen m a gas mixture. 

Production. — Carbon monoxide is produced 
by the partial oxidation by oxygen, air, or 
steam, of organic materials and particularly 
carbon, at high temperatures ; by reduction 
of carbon dioxide by hydrogen, carbon, or cer- 
tain metals, at high temperatures ; by the 
reduction of some metallic oxides or carbonates 
with carbon, and in the manufacture of carbide. 
It is also formed by heating various organic 
compounds alone oil with concentrated sulphuric 
acid. The simplest method of preparing carbon 
monoxide is by the action of concentrated 
sulphuric acid upon formic acid. The gas 
evolved should be passed through caustic soda 
solution to remove any carbon dioxide or sulphur 
dioxide formed during the reaction. 

Carbon monoxide is seldom made in the pure 
state, it a most important industrial form being 
in admixture with hydrogen, etc , in water gas 
and producer gas. 

The destructive distillation of coal result* m a 
good deal of the oxygen present in the coal 
appearing as carbon monoxide in the resultant 
gas, the quantity depending on the composition 
of the coal used, and the carbonizing condition*. 
With vertical and horizontal retorts u«ing a g»» 
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coal, the carbon monoxide content is about 
8-10%, and if the latter retorts are “ steamed ” 
the carbon monoxide content rises to about 
18% owing to the formation of water gas. 
When carbonisation is carried out in modern 
coke ovens, the carbon monoxide content of the 
gas is about 6%. 

Blue water gas, made for addition to coal gas 
and for hydrogen manufacture, contains about 
40% carbon monoxide, the blow gas made by 
blowing air through the coke bed before steam 
is admitted, containing from 5-10% carbon 
monoxide, depending on the rate at which the 
air is blown and on the temperature of the 
water gas generator. Carburetted water gas, 
which is blue water gas to which is added the 
products of the cracking of a petroleum oil, 
contains about 30% carbon monoxide, depend- 
ing on the operating conditions. 

Producer gas, made by blowing simultaneously 
air and steam through a red hot coal bed, and 
which is used for firing furnaces, contains about 
30% carbon monoxide, while suction gas, which 
is producer gas made from coke, contains about 
25-30% carbon monoxide, is used for furnace 
firing, driving gas engines, and ammonia 
manufacture. 

Blast-furnace gas which results from the 
reduction of iron oxide by red hot coke through 
which air is blown, contains about 27-30% 
carbon monoxide and is used for driving gas 
engines and steam raising. 

Carbon monoxide of considerable purity can 
be obtained by passing carbon dioxide through 
charcoal or coke at a temperature not lower 
than 1,000°C., but if continuous operation is 
required, oxygen must be added to supply the 
heat removed by the decomposition of the carbon 
dioxide. The gases will invariably contain 
some carbon dioxide, the amount depending 
on the temperature of the fire bed and the rate 
at which the carboii dioxide is blown through, 
and this can bo washed out with an alkaline 
carbonate solution which can be subsequently 
heated to decompose the bicarbonate formed. 
Nitrogen from the air and hydrogen from the 
decomposition of any water in the coke or carbon 
dioxide will also be present. 

Relatively pure carbon monoxide is also 
obtained from water gas when the Linde-Frank- 
Caro liquefaction process is employed for the 
separation of the gases, the carbon monoxide 
being separated as liquid. It is also obtained, 
mixed with a little hydrogen and nitrogen, when 
small quantities of carbon monoxide present in 
ammonia synthesis gases are removed by scrub- 
bing with ammoniacal copper solutions under 
pressure. When the pressure on the liquid is 
reduced or the liquid heated, the carbon mon- 
oxide it contains is evolved in a’ relatively pure 
fo nn. 

The use of ammoniacal cuprous solutions for 
the removal of carbon monoxide industrially 
has been studied by Gump and Ernst (Ind. Eng. 
Chcm. 1930, 22, 382) who concluded that an 
ammoniacal cuprous lactato solution, made 
from cuprous oxide, lactic acid and ammonia 
gas, was the best for this purpose. At 0°C. 
the solution absorbed 12-15 times its own 
volume of carbon monoxide and when re- 


generated by heating to 60°C. gave a gas con- 
taining 97-99% carbon monoxide, with hydrogen 
and .nitrogen as impurities. No copper was 
precipitated from the solution as is likely when 
formate or carbonate solutions are used. 

Carbon- monoxide-hydrogen mixtures can bo 
obtained from gases containing methane by the 
action of steam or carbon dioxide under the 
influence of a catalyst (see Reactions with 
Hydrogen). 

Properties. — Carbon monoxide is a colour- 
less gas with, according to some, a metallic 
odour and taste. Its critical temperature is 
— 139°C., critical pressure 34-6 atm., and its 
critical density 0-311 g. per c.c. Its boiling- 
point is — 190°C. and melting-point —207 0. 
The density of the gas at 0°C. and 760 mm. Hg 
is 1-250 g. per litre, and compared with oxygen, 
0 2 =1, is 0-8749. 

The following figures for the vapour pressure 
of the liquid are given in “ International 
Critical Tables,” 1928. 

p atm. . 1 6-7 20-9 35 

i° C. . . -192 -170 -150 -139 

The determination of its specific heat at high 
temperatures is rendered difficult by its dissocia- 
tion into carbon dioxide and free carbon, and 
from a review of the literature, Partington and 
Shilling, “TheSpeeificHeatof Gases,” 1924, give, 
for the true molecular heat at constant volume, 
in cals, per g. mol., the following equation : 

C„=4-970+0-00017f+3-l x 10- 7 < 2 

The values for Cp~C v at 0°C. and 20°C. are 
1-999 and 1-997 respectively and the ratio 
O v IC v at CPC. is 1-407 (Schweikert, Ann. Physik, 
1915, [iv], 48, 593 ; 1916, pv], 49, 433). 

Carbon monoxide is slightly soluble in water. 
The volume of gas at 0°C. and 760 mm. Hg dis- 
solved by 1 vol. of water when the pressure of 
the gas, excluding that of the water vapour, is 
760 mm., is given below (Seidell, “ Solubility of 
Inorganic and Organic Substances,” 1919). 

1° C. . . 0 20 40 60 

Vol. gas. 0-0354 0-0232 0-0178 0-0149 

At 19°C. under a pressure of 900 mm. Hg the 
volume of gas dissolved is 0-025 c.c. (S.T.P.) 
and at 8,000 mm. Hg 0-024 c.c. (Cassuto, 
Physikal. Z. 1904, 5, 233). 

Carbon monoxide is adsorbed by wood char- 
coal to a small extent (see Homfray, Proc. Roy. 
Soc. 1910, 84, A, 99). 

The molecular heat of formation from graphite 
at constant pressure and 18°C. is 26,400 g. cals. 
(“ International Critical Tables,” 1931), and the 
molecular heat of combustion at constant 
pressure and 25°C. is 67,623±30 g. cals. (Rossini, 
Bur. Stand. J. Res. 1931, 6, 37). 

Carbon monoxide decomposes to carbon 
dioxide and carbon at moderate temperatures 
when in contact with firebricks which contain 
ferric oxide. The deposition of carbon is 
thought to cause the disintegration of firebricks 
of this type in coke ovens, etc. The promotion 
of carbon monoxide dissociation by various 
firebricks at 700°C. and lower has been investi- 
gated by Hubbard and Rees (Trans. Ceram, Soc. 
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1929, 28, 277), who found that various fire- 
bricks, alumina, clay, ferric oxide, etc., promoted 
the dissociation at temperatures as low as 
2G0°-300°C. and that the feme oxide content 
of the refractory should be reduced to avoid 
this reaction. 

The oxidation of carbon monoxide by sul 
phates has been described by Wehmer (Ber. 
1926, 59, [B], 887) who found that carbon 
monoxide was removed from towns gas when 
this was incubated with soil. The action is 
due to soil micro flora, the oxygen required 
being supplied by the sulphates present in the 
soil 

Toxic Effects. — W hen inhaled, carbon 
monoxide combines with the haemoglobin of the 
blood to the exclusion of oxj gen and, if it w ere 
not for this, it would be classed with hydrogen 
and nitrogen as a simple asphyxiant. The 
result of this combination is that, when the 
concentration of carbon monoxide is sufficiently 
high, persons inhaling it collapso owing to the 
non functioning of the blood. There are no 
chronic after-effects when once the patient has 
recovered. 

The effect of carbon monoxide on plants is 
variable, sometimes being toxic and at others 
inert, but animals whose blood contains no 
hxmoglobin are normal in an atmosphere of S0% 
carbon monoxide, 20% oxygen (see Miller, 
“ Plant Physiology,” 1931 ; and Henderson 
and Haggard, “ Noxious Gases,” 1927). 

The reaction between carbon monoxide and 
haemoglobin is a rev eraible one 

RO,+ CO ^ RCO+ Oj 

(where R represents a molecule of haemoglobin), 
so that on breathing air or oxygen, the carbon 
monoxide is displaced. 

All the carbon monoxide inhaled docs not 
combine with the blood and it has been found 
that in an atmosphere containing up to 0 114% 
carbon monoxide, if no work is done, a maximum 
of 40% of the amount inhaled will be absorbed , 
if work is done, the amount increases to 45% 
(Vcalc, Iron and Coal Trades Re\iew, 1922, 104, 
936). Combination of carbon monoxide with 
hemoglobin takes place more rapidly at the 
beginning of the exposure and is increased with 
an increase in temperature. There appears to 
be a definite relationship between the amount 
of hemoglobin, oxygen, carbon monoxide, and 
the p„ in equilibrium (Stadie and Martin, J. Clin. 
Research, 1925, 2, 77). An increase m H ion 
concentration hastens the elimination of carbon 
monoxide, thus explaining the beneficial results 
when oxygen containing a little CO x is 
administered to a gassed person. 

Small individuals succumb more rapidly to 
carbon, monoxide than larger ones because the 
volume of their respiration is greater in relation 
to their volume of blood. Th us mice or canaries 
succumb to the gas much more readily than does 
man, and for this reason they are used to detect 
the presence of dangerous amounts of carbon 
monoxide in suspected atmospheres. A man 
can breathe the same atmosphere for about 20 
times as long as a mouse or canary before 
becoming gassed. 


The effects of various concentrations of gas 
are given below (Henderson and Haggard, 
fe.): 

Parts pet million 

Allows an exposure of several hours 100 
Allows an exposure of 1 hour with. 

out appreciable effect . . . 400-500 
Appreciable effect after 1 hour . 600-700 
Unpleasant but not dangerous after 

1 hour 1,000-1,200 ‘ 

Dangerous for exposure of 1 hour . 1,500-2,000 
Fatal in exposures of less than 1 

hour . . . Over 4,000 

When breathing an atmosphere containing 
high carbon monoxide concentrations, the in 
dividual collapses with practically no warning 
(as happens m a small closed garage w ith a car 
engine running) but w ith smaller concentrations 
a headache makes itself felt. 

With regard to the treatment of a gassed 
person, as carbon monoxide is not oxidised or 
destroyed by the body but expelled as carbon 
monoxide, it is important to hasten its elimina 
tion. (It has recently been suggested that as a 
result of continued exposure to small carbon 
monoxide concentrations, the absorbed carbon 
monoxide may' be removed by some other pro 
cess) Mild gassing cases only need a short 
rest and fresh atmosphere, but in more serious 
cases, oxygen containing 5% carbon dioxide 
may be administered— the carbon dioxide, apart 
from its effect on the p u , also stimulates lung 
action (Oxygen containing 5% carbon dioxide 
for this purpose is sold in cylinders.) Incases 
where the patient has collapsed, he should be 
removed into fresh but not cold air at once, 
covered with a blanket to keep him warm, and 
turned on his stomach with his head on one side. 
If he is breathing, the oxygen carbon dioxide 
mixture should be administered for 15-30 
minutes, and if he is not, artificial respiration 
should also be earned out. Tho -oxygen- 
carbon dioxide mixture should be administered 
for 15-30 minutes after breathing has been 
resumed The use of alcohol is inadvisable. 
The after treatment consists in keeping the 
patient warm and comfortable to prevent 
pneumonia. 

When work is to be carried out in an atmo- 
sphere likely to contain high amounts of carbon 
monoxide, the men engaged on the work should 
be provided with a gas mask and, if working in 
places such as in tanks, should be attached to a 
life line. The most satisfactory’ types of mask 
for general use are face masks to which air is 
blown through a flexible pipe, the air being blown 
by a manually driven blower and coming from 
an uncontaimnated source. These masks are 
simple, foolproof, and only need keeping hygienic, 
whereas the canister type, which contain^ a 
catalyst for the combustion of carbon monoxide 
with air, will only deal with a limited amount 
of carbon monoxide and if used on rare occasions, 
are likely to be less reliable than the simple type. 
For rescue work, a gas mask used with a email 
cylinder of oxygen strapped on the wearer s back 
is practically essential and whenevrr carbon 
monoxide is present in industrial gasss, a number 
[of these mask oxygens sets should be kept in 
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strategic positions and a number of men 
trained in their use. 

When it is possible for carbon monoxide to 
contaminate to an appreciable extent any 
atmosphere in which men have to work, a test 
should be jnade using white mice or canaries, 
and these should remain with the workmen 
the whole time. Mice and canaries will give 
visible indication of gassing long before any 
harm will come to a human being. 

During the war, when the use of the masks 
indicated was not practicable, various catalysts 
were made for the oxidation of carbon monoxide 
to carbon dioxide by atmospheric air. The 
catalysts were placed in a canister attached to 
the mask. Among the catalysts were mixtures 
of copper oxide, manganese peroxide with 1-5% 
of ceric oxide as promoter, and a mixture, 
known as Hopcalitc, of copper oxide 30%, 
manganese peroxide 50%, cobaltic oxide 15%, 
and silver oxide 5%. The method of prepara- 
tion is very detailed, but the catalyst” is extra- 
ordinarily active, so much so that, if used in air 
containing 2% carbon monoxide, the heat of 
reaction is sufficient to necessitate the cooling 
of the air before it is breathed. The gases are 
dried with calcium chloride before passing to the 
catalyst (Rogers, Piggott, Bahlke, and Jennings, 
J. Amer. Chem. Soc. 1921, 43, 1973 ; Merrill and 
Scalione, ibid. 1982; Almquist and Bray, ibid. 
1 923, 45, 2305 ; Whitcscll and Frazer, ibid. 2841 ; 
Lamb and Vail, ibid. 1925, 47, 123). Copper 
oxide and manganese peroxide prepared by 
suitable methods can also catalyse the com- 
bustion of carbon monoxide at 20°C. and 0°C. 
respectively, and oxides of iron, nickel, cobalt, 
and silver can also bo made to give a measurable 
reaction at ordinary temperatures. 

Carbon monoxide burns in air with a character- 
istic blue flame and when ignited with air or 
oxygen gives a relatively slow explosion. 

Ignition Temperatures. — The ignition tem- 
perature of any given mixture of gases depends 
on the method employed for igniting the mix- 
ture. If, at atmospheric pressure, carbon 
monoxide is passed into oxygen, both gases 
being heated to the same temperature before 
mixing, the carbon monoxide ignites after half 
a second at 667°C. and after 10 seconds at 
G45°C. With air in place of oxygen, the tempera- 
tures are OOG^C. and 668°C. respective^ (“ Inter- 
national Critical Tables,” 1927). By applying 
an electrically heated wire to mixtures of carbon 
monoxide and air at atmospheric pressure, 
McDavid (J.C.S. 1917, 111, 1003) found that the 
minimum temperature of the wire which would 
cause an instantaneous explosion was 931°C. 
By compressing mixtures adiabatically until 
ignition took place, and calculating the ignition 
temperature from the degree of compression, 
Falk (J. Amer. Chem. Soc. 1906, 28, 1517 ; 
1907, 29, 153G) obtained the following ignition 
temperatures : 


6CO-fO 72I°C. 

4CO-f (X G28°C. 

200+0; core. 

CO 4-0 624°C. 

2CO+Oo-f N„ G34°C. 

2C0+0„+2N„ 685°C. 


Mixtures of carbon monoxide and oxygen 
which are very dry are difficult to ignite, and 
Bone and Weston (Proc. Roy. Soc. 1926, A, 
110, 620) found the minimum condenser spark 
energy necessary to ignite a mixture of 2CO+ O a 
was about 30 times greater in the case of a 
calcium chloride dried mixture than for one 
saturated with water vapour at 17°C. 

Limits of Inflammability. — The limits of 
inflammability of any given gaseous mixture 
will depend on the direction in which the flame 
is moving and on the size of the vessel through 
which the flame is passing. With mixtures of 
carbon monoxide and air, containing 1% water 
for the lower limits and 2% for the upper, con- 
tained in glass tubes and ignited by sparking, 
White (J.C.S. 1924, 125, 2387) obtained the 
following figures for the limiting percentages of 
carbon monoxide in air, outside which the mix- 
ture would not propagate flame. 


Tube ! 
diameter, j 

Propagation. 

Upward. 

Hori- 

zontal. 

DoWmvard. 

2-5 cm. 

13-2-71-0 

15-9 

16-3-70-0 

5-0 „ 

13-1-72-0 

13-1 

15-7-70-5 

7-5 „ 

12-8-72-0 

13-6 

15-3-70-5 


The effect of increasing the temperature is to 
widen the limits, and White (J.C.S. 1921, 127, 
672) found that with a tube 2-5 cm. diameter, 
the limits for the carbon monoxide concentra- 
tion in carbon monoxide/air mixture for down- 
ward propagation were : 

At 100°C 14-8-73-7 

„ 300°C 12-4-75-0 

„ 400°C 11-4-77-5 

The limits also widen when oxygen replaces 
air and under conditions of downward pro- 
pagation the limiting percentages of carbon 
monoxide which for air mixtures were 15-6-70-9 
became 16-5 and 93-5 with carbon monoxide- 
oxygen mixtures (Terres, J. Gasbeleucht. 1920, 
63, 785, 805, 820, 836). 

The effect of pressure is considerable. Coward, 
Cooper, and Jacobs (J.C.S. 1914, 105, 1069) 
determined, for different mixtures of carbon 
monoxide in oxygen, the pressures below which 
the mixtures would not ignite. The results are .- 


CO in 

Pressure, 

% CO in 

Pressure, 

o 2 . 

mm. Hg. 

O,. 

mm. Hg. 

94 

>400 

| 40 

26 

91 

99 

33 

32 

80 

55 

! 25 

74 

75 

50 

20 

92 

50 

30 

15. 

148 


A large amount of work on the explosion 
of different mixtures of carbon monoxide and 
air and oxygen at high initial pressures has been 
carried out during the last 15 years or so by Bone 
and his eo-workers, and the original papers 
should be consulted. An account of his earlier 
work is given in “ Flame and Explosion in 
Gases,” Bone and Townend, 1928. The limits 
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of inflammability for mixtures of carbon 
monoxide and air when exploded in a spheric 
bomb are 16 2-36 3% carbon monoxide at 
10 atm. initial pressure, 20 3-57 8 at 50 £tm., 
and 23 1-52 3 at 125 atm. 

Speed or Initial Uniform Movement. — 
Mixtures of air or oxygen and carbon mono: 13 ^* 
when dned over phosphorus pentoxide/ are 
difficult to ignite and burn slowly, the rate 
depending on the dryness. The speed of uniform 
movement of carbon monoxide-air flames di lnn S 
their initial phases in horizontal glass t u bes 
2 5 cm. diameter has been measured by Chap man 
(J.C.S. 1921, 119, 1677). With mixtures sidur- 
ated with water vapour at 12°C. the speed 
with a mixture containing 20% carbon mond x, de 
is 25 cm. per sec. This increased to a ® at 
maximum of 62-63 cm. per 6ee. at 45-50% 
mW xmsmsaMfe wifc *w> 2-v> at- 

sec. with 70% carbon monoxide. With oxJg en 
instead of air, these speeds are increased 00,1 • 
siderably, a mixture containing 50% ca*bp n 
monoxide saturated with water vapour at 12 5 C C. 
having a speed of 144-147 cm. per see., 60% 
carbon monoxide a speed of 163-167 cm/ 1*5 
sec., 80% carbon monoxide a speed of 191 - 195 
cm. per sec., and 92 5% carbon monoxide a 
speed of 51 cm. per sec. 

Rates op Explosion. — The classic wofk of 
Dixon published in the “ Proceedings o' ‘be 
Rojal Society ” and the “ Philosophical Trens- 
actions of the Royal Society of London ” b e f° re 
the end of last century and continued e mc *. 
must be consulted for details on the mei» n ‘ n | 
and determination of the rates of explosion of 
mixtures containing carbon monoxide. Dixon 
found that where an explosion wave wa® 6et 
up in CO-O, mixtures, its speed varied *® n - 
siderably with the water content of the ex - 
ploding gases. With the mixture 2CO+0* 
dned over sulphuric acid and phosphorus pent- 
oxide, the speed of the explosion, with the 
gases initially at atmospheric pressure, wa3 
found to be 1,264 m. per sec. With the gases 
saturated with water vapour at 10°C , the epoed 
was 1,676 m. per sec. A maximum of 1.738 
m per sec. was reached with the mixture s^tur 
ated at 35°C. 

Measurements of the pressures develop**! 
during the explosion of various mixtures con - 
taining carbon monoxide have been use4 f° r 
the determination of the specific beats of gases 
at high temperatures (Pier, Z. Elektrocbem. 
1910, 16, 897;Bjcmim, Z. physikal Chem. 1912, 
79, 537), and a thorough study of explosion* °f 
these mixtures at high initial pressures (50 atm - 
and higher) has been made by Bone ant* l" 3 
collaborators and published in the Proe. Roy* 
Soc. for 1919 and onwards. Bone found that, 
whilst the maximum explosion pressure of both 
dry and wet CO-O, mixtures was relat'rely 
slowly reached, the presence of a small aniount 
of hydrogen caused the maximum pressure 10 
be reached much more rapidly. 

Reaction with Carbon. — for the calcul a t ,0n 
of the equilibrium constants of a numb** °f 
fundamental reactions, see Saunders, J. FJiJwc** 
Chem. 1924, 28, 1151, 

2CO~CO,+ C 


The reaction of carbon dioxide with carbon 
or the dissociation of carbon monoxide is one 
that has to be considered whenever the tempera- 
ture of carbon monoxide i3 raised above about 
600°C. Boudouard (Ann. Chim. 1901, [vii], 24, 
5) and Rhead and Wheeler (J.C.S. 1910, 97, 
2178) studied this reaction and the following 
table, showing the percentage of carbon dioxide 
by volume, in equilibrium with carbon (graphite) 
and carbon monoxide at atmospheric pressure, 
has been taken from their results. 


t°c. 


rc. 

% CO, 

600 

77 

1,000 

0 59 

700 

42 

1,100 

015 

800 

7 

1,200 

006 

j "Mi 

1 


1 


Rhead and Wheeler found that the reaction 
between carbon dioxide and carbon at 85<PC. 
took place 166 times faster than the carbon 
monoxide dissociation at the same temperature. 

These results explain why carbon monoxide 
is produced by passing air or carbon dioxide 
over red hot coke as in the manufacture of 
producer gas and water gas, and in the blast- 
furnace, etc., and show that consideration must 
be given to this reaction whenever processes 
using either carbon monoxide or carbon dioxide 
at a high temperature are emplojed. The 
nature of the carbon also influences the equili- 
brium, although at high temperatures the 
carbon will eventually become graphitised, ami 
the same result will be obtained irrespective of 
the carbon originally employed (Dent and Cobb, 
J.C.S. 1929, 1903). 

Reaction with Oxyoen.— 

CO+iO,=CO, 

The dissociation of carbon dioxide into carbon 
monoxide and oxygen takes place to an ap- 
preciable extent only at high temperatures. 
The table below has been drawn up from 
measurements made by Nemst and von Warten 
burg (Z. physikal. Chem. 1906, 56, 548.) Lang- 
muir (J. Amer. Chem. Soc. 1906, 28, 1357), 
and Lowenstem (Z. physikal. Chem. 1903, 54, 
707). 

(°C. 1,100 1,200 1,300 1,550 

% CO, dissociated 0 014 0 032 0 047 0 4 

Reaction with Steam. — 

h,+co,=h,o+co 

Equilibrium determinations for this reaction 
haie been carried out by Hahn (Z. phj aikal. 
Chem. 1903, 44, 5T3 ; 1W>, %, "fi&l 
approached the equilibrium from both sides over 
heated platinum as a catalyst, and by Huber 
and Ricbardt (Z. anorg. Chem. 1904, 38, 5) who 
used flames. 

The following figures have been obtained 
their results and show how the equilibrium 
constant at constant pressure vanes with the 
absolute temperature ; 
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rc p - Ph 2 o’Pco 




Ph 2 ‘Pco 2 



T°K . 

. 800 1,000 

1,200 

1,400 

K P . . 

. c. 0-2 0-65 

1-32 

2*08 

T°K . 

. 1,600 1,800 

2,000 

— 

K P . . 

. 2-95 3-80 

c. 4-7 

— 


Bryant (Ind. Eng. Chora. 1931, 23, 1019) dis- 
cusses the specific heats of the gases involved 
and the calculation of the free energy and equili- 
brium constant of this reaction in some detail. 
He gives the heat of reaction at 298°K. as 9,751 
g.-cal. (see also Neumann and Kohler, Z. Elektro- 
chem. 1928, 34, 218). 

This reaction is used industrially for the manu- 
facture of hydrogen from gases containing carbon 
monoxide, usually water gas. Steam, in excess 
of the requirements of the above equation, is 
nddcd to water gas and the mixture heated by 
passage through interchangers by which the 
gases, after the conversion of carbon monoxide 
to carbon dioxide are cooled. The heated mix- 
ture is then passed through a catalyst, usually an 
oxide of one of the metals of the iron group, at 
about 500°C., which converts most of the 
remaining carbon monoxide to carbon dioxide. 
The reaction is exothermic, and in order to keep 
the temperature from rising too high, and so 
preventing the conversion taking place, since 
lower temperatures favour the production of 
hydrogen, some of the heat in the partly con- 
verted gases is used to pre-heat the inlet gas 
mixture. The partly cooled, partly converted 
mixturo is then passed through a second 
catalyst chamber, where the carbon monoxide 
content is reduced to about 4-5% depending 
on the temperature, quantity of excess steam, 
rate of passage of tho gases, and catalyst 
activity. Tho gases are then partially cooled 
by passing through more interchangers where 
they heat the inlet gas, and are finally cooled 
by washing with water. When used for ammonia 
synthesis or hydrogen production, tho carbon 
dioxido is washed out of the mixture with 
water under pressure (usually 25 atms. or 
higher), and the remaining carbon monoxide 
is removed by washing with ammoniacal copper 
solutions or similar absorbents under higher 
pressure. Tho carbon monoxide is recovered 
from tho solution by releasing the pressure or 
raising the temperature, and passes back to the 
inlet of tho converters. A large number of 
catalysts have been proposed (most of which 
have been patented), with and without pro- 
moters, but if the catalyst is very active, sulphur 
compounds have usually to be removed from the 
gases before conversion. It has been claimed 
recently that very active sulphur-proof catalysts 
can bo used for the reaction. Among them are 
magnesium oxide with a promoter from the 
uranium group (U.S.P. 1866246) or the fused 
oxide of a metal of the iron group and copper 
oxide (U.S.P. 1865770). 

An experimental plant has been erected on the 
Continent for tho removal of carbon monoxide 
from towns gas using the reaction 

C0-hH 2 0-t-Ca0=CaC0 3 -f H„ 


at 500°-600°C. The organic sulphur compounds 
are converted to H 2 S and the carbon monoxide 
is reduced to less than 1%. The lime is re- 
generated at 800°-900°C. in the presence of air. 
It is very doubtful if this process is practic- 
able (Chim. et Ind. 1930, 24, 235). 

Reactions with Hydeogen. — A remarkablo 
number of different compounds can be obtained 
from mixtures of carbon monoxide and hydrogen 
by catalytic action, the products depending on 
conditions and catalyst. 

(a) Methane Formation . — The simplest re- 
action is one in which methane is formed: 

CO-f 3H 2 =CH 4 + H 2 0 

The equilibrium constants below are given in 
“ International Critical Tables,” 1930. 

TT - Pch 4 ‘Ph 2 o 
Pco'P 3 H 2 

T“K , . 1,133 1,213 1,307 1,325 

log K p . . -2-37 -3-09 -4-06 -4-31 • 

The formation of methane is favoured, therefore, 
by higher pressure and low temperature. 

The reverse reaction has been used, under the 
action of a suitable catalyst, for the production 
of hydrogen from gases containing methane. 
Catalysts made from nickel nitrate or nickel 
nitrate-aluminium nitrate on a refractory sup- 
port are stated to be satisfactory, temperatures 
of 900°-l,l00°C. at atmospheric pressure giving 
a maximum conversion with a minimum amount 
of side reaction. Refractories alone can be used 
to promote the methane-steam reaction at 
1,000°C., but carbon is deposited through the 
decomposition of carbon monoxide (Hawk, 
Golden, Storch, and Fieldner, Ind. Eng. Chem. 
1932, 24, 23). The reaction in which carbon 
dioxide is used in place of steam is also discussed 
by the same authors, who quote the equilibrium 
constants of the reverse reaction, 

CH 4 +C0 2 =2C0+2H 2 


Pch 4 'Pco 2 

T°K . 1,073 1,173 1,273 

K p . . 195 2-35 xlO 3 1-90 XlO 4 

It appears to be advisable to use sulphur-free 
gases for these reactions between carbon mon- 
oxide and hydrogen although Hawk, Golden, 
Storch, and Fieldner used a natural gas with a 
very low sulphur content. 

The formation of methane from gases contain- 
ing hydrogen and carbon monoxide, in order to 
increase the calorific value of the gas mixture, 
can be carried out by passing the gases over 
finely divided nickel at temperatures of about 
250°C. Sulphur-free gases must be employed in 
order that the catalyst shall not be poisoned, and 
excess l^-drogen, or low percentages of carbon 
monoxide (below 17%) must be used to prevent 
the deposition of carbon from the reaction 

2C0=C+C0 2 
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(6) Methyl Alcohol — 

CO+2H 2 =CH,OH 

Kp= Pch,oh 

Pco Ph, 

The v alues for the equilibrium constant of this 
reaction at different temperatures ba\e been cal- 
culated by Kelley (Ind. Eng Chem 1926, 18, 
78), The figures given are : 

T°K 300 500 

K p C70 x 10 s 316x10-* 

T°K 700 1000 

K p 154x10-* 206 x 10 -7 

The reaction is fav ourcd by an increase m pres 
sure and a decrease in temperature (see also 
Kelley, ibid 1929, 21, 353). 

This reaction is used to a considerable extent 
in industry, w hero it is carried out under high 
pressure, about 200atms .and at a temperature 
of 300°-400‘ , C The compressed carbon mon 
oxide-hydrogen mixture is passed through an 
interchanger, where the gases are heated by the 
contorted gases, and then through a catalyst 
A conversion of up to 15% is obtained, depend 
ing on the conditions and activity of the catalyst, 
the methyl alcohol in the mixture is separated 
by cooling in a condenser After separation of 
the alcohol, the gases arc sent back to the con 
tersion chamber In some cases, the gases 
have been passed through a number of catalyst 
vessels, the methy 1 alcohol being separated after 
each vessel by cooling Pressures as high as 
900 at ms have been proposed for this reaction 
The catalysts used are zinc carbonate and a 
mixture of zinc and chromium oxides, and in 
order to avoid the formation of methane, the 
catalyst vessels, etc , should be lined with 
metals such ns copper, silver, aluminium, or 
allovs which do not give carbonyls If the 
temperature is raised above 40O°C, methane 
forma tiomncreasrs, and the production of higher 
alcohols, ketones, aldehydes, etc, occurs The 
presence of Bulphur compounds in the gas used 
for making methyl alcohol tends to poison the 
catalyst, but this is not serious with low sulphur 
concentrations. A large number of patents have 
been taken out within recent j cars in connection | 
with this process (see B P 258887 , and Crjder ; 
and Frohch, Ind. Eng Chem 1929, 21, 867) 
The use ofalkabsed iron catalysts under pressure 
to give higher alcohols ha3 been described by 
Frohch and Lewis (ibid. 1928, 20,354). 

(c) Hydrocarbons. — By selecting suitable 
methods of preparation of special catalysts, 
Fischer and Tropsch (Ilrennstoff-Chcm., 1926, 
7, 07) have made, from hydrogen and carbon 
monoxide mixtures (water gas) at ordinary 
pressures, a number of liquid aliphatic hydro- 
carbons. The temperatures of the reaction 
need careful control, depending on the catalyst, 
in order to suppress the formation of methane ; 
the temperatures used are 150®-300®C. and 
metals of the iron group have been used as 
catalysts in addition to mixtures of the oxides 
of chromium, zinc, and the rare earths. Sulphur 
compounds must be removed from the ga«es. 


This and similar reactions may become very 
important industrially in the future. 

The equilibrium between carbon monoxide 
hydrogen, and a number of hydrocarbons and 
alcohols lias been calculated by Smith (Ind 
Eng. Chem. 1927, 19, 801) 

(if) Synthol. — Using mixtures of carbon mon- 
oxide with excess hydrogen, and passing the 
mixture over an alhalised iron catalyst at 
400°C. and 150 atm. pressure, Fischer (see 
“ Conversion of Coal into Oils,” 1925) obtained 
a mixture which he termed “ Synthol," consisting 
of alcohols up to C 5 , ketones, aldehydes, 
acids up to C g , and various esters, with a 
composition C, 69%; H, 12%; O, 18%, of 
which 37% distilled below 100°C. and 97% 
below 200°C. The catalyst has a considerable 
effect on the product, a weak base with the 
catalyst giving water soluble compounds, and a 
strong base oily products. Sec also Fischer 
(Brennstoff Chem. 1935, 16, 1), who summarises 
the work on this process, including the prepara 
tion of tho gases and catalysts 

(e) Carboxylation. — Carbon monoxide can be 
used to carboxylate methyl alcohol to give 
acetic acid according to the reaction 

CHj OH + CO = CH, CO OH 

and to give formic acid by causing steam, 
hydrogen and carbon monoxide to react under 
suitable conditions These reactions may be 
important in connection with artificial silk 
manufacture. 

The foimation of acetic acid takes place when 
methyl alcohol and carbon monoxide are atlowed 
to react over acid catalysts such as boric acid, 
phosphoric acid and phosphomoly bdic acid 
at 100-300 atms. pressure and 300°— lOO'C. 
(B.P. 283989) or at 200°-250°C. at ordinary 
pressure in the presence of methoxides of zinc 
or aluminium (B P. 264558, 268845). 

Sodium formate can be obtained by passing 
carbon monoxide under pressure over lumps 
of caustic soda containing a little water at 
100°-120"C. Various modifications have been 
proposed and a number of patents obtained for 
these reactions. 

( / ) Miscellaneous Compounds — A large num 
her of patents have been taken out covering the 
reactions of carbon monoxide with hydrogen 
under the influence of catalysts to give various 
products. The formation of olefines, used for 
the manufacture of alcohols, by using oxides 
of cobalt, copper, and manganese as catalysts 
at 280°-300°C. (B.P. 291867), of formaldehyde 
using magnesium, zinc, and mixed oxides of 
magnesium and antimony at 200°-600°C'. 
(B.P. 272,155), of formamlide, etc , by the action 
of carbon monoxide on primary and secondary 
ary lamines in tho presence of sodium methoxide, 
or hydroxide, and of wobutyl and higher alcohols 
from carbon monoxide and methyl alcohol arc 
examples. 

Re vctiov with Chlorine. — The formation 
of phosgene used for dyestuffs manufacture and 
in gas warfare can be earned out by passing a 
mixture of carbon monoxide and chlorine over 
platinum sponge at 400°C. The Reaction also 
takes place in sunlight, and on charcoal. 
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Reduction of Metals. — Carbon monoxide 
is a strong reducing agent, and will reduce 
metallic oxides to metals, usually at a lower 
temperature than will hydrogen. The reducing 
action of carbon monoxide plays an important 
part in connection with the production of iron 
in blast-furnace and in the manufacture of 
various steels. 

In addition, carbon monoxide forms a number 
of metallic carbonyls by direct action with the 
metals, and use is made of this property in the 
production of nickel by the Mond process. 
Nickel ores, containing nickel, copper, cobalt, 
iron, etc., are roasted, crushed, and treated 
with sulphuric acid, so as to concentrate the 
nickel. The mixture of oxides, containing about 
50% nickel, is passed into a chamber with water 
gas at up to 300°C. when the nickel oxide is 
reduced to metallic nickel. The temperature 
must not be high enough to cause the reduction 
of the iron oxide to metallic iron, since this 
might give iron carbonyl, which would later 
decompose and contaminate the nickel. The 
reduced ore is then treated with a gas rich in 
carbon monoxide (about 80%) at a lower tem- 
perature (50°-I00 c 'C.), when some of the nickel 
is converted to the carbonyl, the gas leaving this 
section containing about 2% Ni(CO) 4 . This 
gas is then passed into a vessel containing small 
nickel pellets at a temperature of 180°C., when 
the carbonyl decomposes, depositing its nickel 
on the small pellets, the gases being re-cycled. 
If the temperature is above 200°C. carbon 
deposition from the carbon monoxide is likely to 
take place and so contaminate the nickel. The 
nickel pellets are screened, the smaller ones being 
returned, and the larger ones becoming the 
finished product. The ore from the “ carbonyl- 
ing ” section is returned to the reducing section 
when it recovers its property of forming car- 
bonyls, while the gas losses in the system are 
made up by passing the gases from the ore 
reducing section through hot charcoal. 

Iron carbonyl occurs in small quantities 
(0-0003 g. per 100 litres) in towns gas according 
to the conditions of the supply mains (Griffith 
and Holliday, J.S.C.I. 1928, 47, 31 IT). 

Detection and Analysis. — Small amounts 
of carbon monoxide can be detected by passing 
the gas through a dilute solution of palladous 
chloride or by its action on paper soaked in this 
solution, when a darker colour is obtained owing 
to the production of metallic palladium. Various 
other reducing gases, however, cause this 
reaction. The reaction of carbon monoxide 
with blood can also bo used by passing the gas 
through a dilute aqueous solution of blood when, 
if carbon monoxide is present, the solution will 
give a characteristic absorption spectrum with 
two dark absorption bands between the D and 
E lines, which do not disappear on the addition 
of ammonium sulphide. 

The quantitative determination is best carried 
out in the case of gases containing large quanti- 
ties of carbon monoxide (above about 0-25%) by 
absorption in annmmoniacal solution of cuprous 
chloride. If unsnturated gases such ns acetylene, 
ethylene, etc., are present they must be re- 
moved before the carbon monoxide is absorbed. 
The use of copper ammonium laetato in place 


of the chloride is stated to be an improvement 
(Gump and Ernst, Ind. Eng. Chem. 1930, 22, 
382). The carbon monoxide in the gas can be 
burnt to carbon dioxide by exploding with air 
or oxygen, by passage with air over heated 
palladium wires, or by combustion over copper 
oxide ; the carbon dioxide is determined by 
adsorption in soda-lime, etc., or the contraction 
in volume can be measured. In connection with 
this method, a good deal of work has been carried 
out on the oxidation of carbon monoxide only, 
in the presence of hydrogen, Hopcalite being 
found to oxidise the carbon monoxide in mix- 
tures of hydrogen, carbon monoxide, and air 
without burning the hydrogen, so long as the 
percentage of carbon monoxide does not exceed 
1% (Lamb, Scalione, and Edgar, J. Amer. Chem. 
Soc. 1922, 44, 738). The use of copper oxide at 
280°C. for the same purpose has also been 
proposed (King and Edgecombe, D.S.I.R. Fuel 
Research Tech. Paper No. 33, 1931). 

The best method for the determination of 
small quantities of carbon monoxide is by 
measuring the amount of iodine liberated when 
iodine pontoxide is reduced according to the 
equation : 

l 2 0 6 +5C0 = 5C0 2 + l 2 

Unsaturated hydrocarbons must first be 
removed and, if the carbon monoxide is to be 
determined in the gases resulting from a com.- 
bustion, oxides of nitrogen must also be re- 
moved. The gases are passed through caustic 
potash, calcium chloride, and phosphorus 
pontoxide, then through iodine pontoxide at 
I60°C., the iodine liberated being dissolved in 
potassium iodide solution and the carbon 
dioxide absorbed by caustic potash solution 
and soda lime ; both the iodine and carbon 
dioxide liberated can be determined. Methane 
is not affected by iodine pentoxide under these 
conditions. The iodine pentoxide must be pure, 
the commercial product is best purified by heat- 
ing to about 210°C. for about 2 days while air 
or nitrogen is blown through it, to remove any 
unstable compounds which may be present. 
The method is claimed to be accurate to 0-002% 
( sec Wood and Howarth, Gas. J. 1926, 175, 
787 ; ibid. 1927, 178, 824 ; Davies and Hartley, 
J.S.C.I. 1927, 46, 201, T ; Gas. J. 1928, 182, 
880 ; Vandavcer and Gregg, ibid. 1929, 187, 
553 ; Edcll, Ind. Eng. Chem. 1928, 20, 275). 

Automatic recorders have been used in which 
the carbon monoxide is burnt over a catalyst, 
and cither the temperature rise measured by a 
thermocouple, the method being claimed to' be 
sensitive to 1-2 parts carbon monoxide per 
million (Fieldner, Katz, and Meiter, Eng. News 
Rcc. 1925, 95, 423) or by mixing the gas with 
oxygen obtained by the electrolysis of caustic 
soda solution, and passing the mixture over a 
catalyst of iron and chromium oxides containing 
a little .ceria and thoria heated to 230°C. The 
carbon dioxide evolved is absorbed by a solution 
of calcium hydroxide and the change in con- 
ductivity measured (Rideal and Taylor, Anah-st, 
1919, 44, 89). ' S. W. S. 

CARBON SUBOXIDE, C a O,. Malonic 
anhydride. 

First isolated by Diels and Wolf, who heated 
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diethyl malonate with a large excess of phos- 
phorus pentoxide at 300'’, the following reaction 
occurring : 

CH 1 {COOCjHj) 1 -► 2H l 0+2C J H 4 +C J 0 I 
{Ber. 1906, 39, 689). Other esters of malomc 
acid and malomc acid itself also yield the sub- 
oxide when similarly treated (Diels and Meyer 
heim, Ber. 1907, 40, 355). The poor yields 
obtained by this method w ere shown to be due 
to polymerisation of the carbon suboxide, and 
Stock and Stoltzenberg (Ber. 1917, 50, 498) 
by the rapid removal of the reaction products 
from the phosphorus pentoxide have improved 
the yield to 25%. Staudinger and Klever (Ber. 
1908, 41. 906) claim an 80% yield by the action 
of zinc upon dibromomaloriyl bromide m ether 
solution, whereas malonyl chloride on treat- 
ment with silver oxide gives only 5-10% 
(Staudinger and Bereza, Ber. 1908, 41, 4461). 
The most convenient and satisfactory method 
of preparation, the pyrolysis of diacetyltartaric 
anhydride, was discovered by Ott (Ber. 1914, 
47, 2388) who m this way obtained a yield of 
42 5% (Amer. Chem. Abstr. 1923, 17, 36). A 
yield of 41% using larger quantities of material 
was made possible by Ott and Schiradt (Ber 
1922, 55, [B], 2126), who designed an apparatus 
in which the vapours of diacctyltartanc an- 
hydride were passed over a heated platinum 
filament. An unproved apparatus raises the 
yield to 60-73% (Kobe and Reyerson, J 
Physical Chem. 1931, 35, 3025), while as much 
as 49% may be obtained by passage of the 
anhydride vapour through a Pyrex glass tubo 
heated to 625°-650°. Carbon monoxide is said 
to yield some carbon euboxide on passage 
through an ozoniser (Ott, Ber. 1925,58, [B], 772). 

Carbon suboxide is a gas with an intolerable 
odour : in small amount it acts as a lachrymatory 
and in higher concentration produces a feeling of 
suffocation. It may be condensed to a mobile 
liquid, bp. +7°, m.p. -107° to -108° (Diels 
and Wolf) or —113° (Stock and Stoltzenberg), 
and of density 1 II at 0°. The vapour pressure 
of the liquid has been measured by Stock and 
Stoltzenberg (i e.), and by Edwards and Williams 
(J.CS. 1927, 855) It is quite stable at room 
temperatures when kept in clean vessels free 
from all moisture, but the presence of mercury 
or water \ a pour effects polymerisation of the gas 
to a red solid. Liquid carbon suboxide changes 
within 24 hours to a solid amorphous dark red 
solid winch is soluble in water. The polymeri- 
sation of the gas is probably a catalytic surface 
reaction as its velocity cannot be expressed by 
any simple formula (Edwards and Williams, 
l c.). Stock and Stoltzenberg consider the 
polymerisation to be autocatalytic. The Bohd 
red polymer loses carbon dioxide at 37° and is 
then only partly soluble in water. On further 
beating carbon dioxide, monoxide, and some 
suboxide are evolved. After a thorough investi- 
gation of the polymerisation of the gas Klemenc, 
Wechsberg, and Wagner (Z. physikal Chem. 
1934, 170, 97, and Z. Electrochem. 1934, 40, 
488} conclude that it is an irreversible reaction, 
catalysed by the walls of the % essel, and follows 
a unimolecular law after a period of induction. 
Both gaseous and polymerised material yield 


| carbon dioxide and monoxide at 200°C. ; prior 
to polymerisation at this temperature a carmine 
red gas is formed, which from absorption spectra 
data is postulated as C,, the decomposition of the 
suboxide being represented by the equation: — 

CjO^COj+Cj 

Structural formulae for polymerised carbon 
Buboxide have been suggested by Hartley 
(Chem. News, 1900, 94, 40) and by Diels, 
Beckmann, and Tonmes (Annalen, 1924, 439 
76). 

The constitution of carbon suboxide has given 
rise to control ersy, but the diketene formula 
of Diels and Wolf, 0 = C=C=C=0, is the one 
usually accepted, although a cyclic formula 


cr o 
\ c / 

A 

suggested by Michael (Ber. 1906, 39, 1015) is 
possible. The inter atomic distances have 
been determined by the electron diffraction 
method (Brockway and Pauling, Proc, Nat 
Acnd.Sci. 1933,19,860 ; ef. Boersch, Natimms, 
1934,22, 172 ; and Monatsh. 1935. 65, 311) 

Chemical properties are similar to those of a 
diketene; it Teacts with water to give malomc 
acid, with ammonia and amines to give malon 
amide and roalondianudes (Diels and Wolf, It, 
and Pauw, Rec trav. chim. 1936, 55, 216), with 
dry hydrogen chloride to give malonyl chloride, 
and with bromine to give dibromomalonyl 
bromide. With formic and acetic acids com 
pounds are given with the properties of mixed 
anhydrides of malomc acid and formic or acetic 
acids (Diels and Lalin, Ber. 1908, 41, 3426 , 
Diels, Bechmann, and Tonmes, lx.). Hydroxyl- 
amine yields malonhydroxamic acid (Hurd and 
Pilgrim, J. Amer. Chem. Soc. 1933, 55, 757), 
but phenylhydrazine ultimately yields 1 -phenyl- 
3 5-diketopyrazohdme and not the expected 
malonyl bis-phenylhydrazide (van Alphen, Rec. 
trav. chim. 1924, 43, 823). With urea a small 
quantity of barbituric acid is formed, and w ith 0 , 
p , and tn-phenylene diamines high-melting, in 
soluble colourless compounds are produced The 
reaction of carbon suboxide with sulphur dioxide 
has been described by Diels and Hansen (Ber. 
1926, 59, [B], 2555), and with hydrogen sulphide 
by Diels, Beckmann, and Tonmes [l c.). Cata- 
lytic hydrogenation over nickel or palladium 
coated sihea gel gives carbon dioxide and 
propylene, and some acetic acid (Kobo and 
Reyerson, J. physikal. Chem. 1931, 35, 3023). 

Carbon suboxide may bo quantitatively 
determined by solution in w ater and subsequent 
titration of the malonic acid. Analysis of 
mixtures of carbon suboxide, monoxide, anu 
dioxide is described by Klemenc, Wechsberg, 
and Wagner (Monatsh. 1935, 65, 405), accurate 
assay being possible w ith as little as 1 c.c. of gas. 

Reviews upon the chemistry of carbon sub- 
oxide occur m Chemical Reviews, 1930, 7, 
479, by Reyerson and Kobe, and in the Journal 
of Chemical Education, 1931, 8, 232, by Kobe. 
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CARBON TETRACHLORIDE, TE- 
TRACHLORMETHANE, CC1 4 . Intro- 
duction'. — Carbon tetrachloride was discovered 
by Regnault (Annalen, 1840, 33 332), who 
prepared it by the action of chlorine on chloro- 
form in sunlight, this preparation being followed 
by that ofDumas (ibid. 1840,33, 187) byehlorina- 
tion of methane ; and of Kolbe (ibid. 1843, 45, 
41 ; 1845, 54, 146) by passing carbon disulphide 
saturated with chlorine through a red hot tube. 

A modification of IColbe’s method is in use 
to-day for the large scale manufacture of carbon 
tetrachloride in which chlorination of carbon 
disulphide takes place at low temperature in the 
presence of a catalyst, while, so far as is known, 
the only other technical process which has made 
any headway on a large scale is that of Dumas. 
In districts where plentiful supplies of natural 
gas are available a large amount of research 
has been carried out on the production of 
chlorinated hydrocarbons, especially of the 
methane series by direct chlorination. Difficul- 
ties, however, ai'ise in connection with the 
control of reaction conditions to give one 
chlorinated product only, and not a mixture of 
several compounds of differing chlorine content 
which have to be separated by distillation ; 
while the large quantities of hydrogen chloride 
evolved during reaction are not required in- 
dustrially owing to the extent of the supply 
from other sources. For these reasons it is very 
doubtful whether the direct chlorination of 
methane is used to any large extent on the 
industrial scale outside the particular areas 
where natural gas occurs. 

Methods of Preparation. — A summary of 
the extensive literature dealing with the develop- 
ment of the manufacture of carbon tetrachloride 
is given below. 

(a) Chlorination of Carbon Disulphide . — Early 
work was concerned largely with examining a 
variety of catalysts for the Kolbe reaction, 
described previously, in an attempt to reduce 
the necessary temperature to a minimum. 
Hofmann (ibid. 1860, 115, 264) showed that 
antimony pentachloride reacted with carbon 
disulphide alone, without the addition of 
chlorine, the mixture warming up, while on 
cooling, crystals of antimony trichloride mixed 
with sulphur were deposited, and carbon tetra- 
chloride remained in solution in unconverted 
carbon disulphide. 

Crump (Chem. News, 1886, 14, 154) showed 
that bromine, and Morel (Compt. rend. 1877, 
84, 1460) that iodine, could be used as chlorine 
carriers, while Serra (Chcm. Zentr. 1899, ii, 
1098) used iodine in the presence of metallic iron. 

A large number of catalysts are available for 
the reaction, e.g. molybdenum pentachloride 
(Aronhcim, Bcr. 1S76, 9, 1788), the chlorides of 
phosphorus, arsenic, antimony, and metals of 
the iron group. Ochi (J. Chem. Ind. Japan, 
1919, 22, 897 ; Jap. P. 34917, 1919) investi- 
gated the chlorination of carbon disulphide, and 
showed that antimony' pentachloride or iron 
chlorido is the best catalyst, that the yield of 
carbon tetrachloride is a maximum at 30 a C., 
using 45% excess chlorine (92% CC1 4 , 0-5% 
unchanged CS 2 ), and that yields decreased at 
lower temperatures. He recommended that the 
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reaction should be carried out in two stages 
and in connection with the corrosion problem, 
stated that nickel was the best constructional 
material, followed in order by lead, copper, iron 
and tin. Purification of the tetrachloride was 
by distillation. 

The actual manufacture of carbon tetra- 
chloride takes place essentially in two stages, 
the first being the formation of the tetrachloride 
and sulphur chloride in the presence of a 
catalyst ; followed by interaction of the sulphur 
chloride formed with a fresh supply of carbon 
disulphide in contact with iron filings, giving 
rise to more carbon tetrachloride and sulphur. 
The latter is separated from the reaction product 
by crystallisation and is used again in the manu- 
facture of carbon disulphide (Urbain, J.S.C.I. 
1902, 20, 926 ; B.P. 13733 ; The Is eo Chem. Co. 
U.S.P. 1260621, 1260622). The reactions can 
be represented as follows : 

CS,+ 3CI 2 =CC1 4 +S,CL 
CSj-f 2S 2 C1 2 =CCI 4 +6S" 

Howarth and Baker (J.S.C.I. 1906, 25, 559) 
attempt to reduce the amount of sulphur sep- 
arated during the second stage of the reaction 
by chlorinating the sulphur monochloride ob- 
tained in the first stage to sulphur dichloride 
before adding the second quantity of carbon 
disulphide : 

CS 2 -f 2SCI 2 =CCI 4 -f 4S 

The presence of a number of intermediate 
carbon chlorosulphides has been shown by 
carrying out the chlorination with restricted 
quantities of chlorine (Klason, Ber. 1887, 20, 
2376 ; Delepine and Giron, Bull. Soc. chim. 
1923, 32 1785). 

The large-scale production of carbon tetra- 
chloride is carried out in lead or lead-lined 
vessels which can be cooled so that the tempera- 
ture does not exceed 30°C. A considerable 
increase in volume takesplace during thereaction, 
the end-point of which is reached when the 
mixture turns red. The mixture is then 
fractionally distilled to remove carbon tetra- 
chloride from the sulphur chloride, and the 
latter is transferred to a second lead vessel 
provided with a stirrer and more carbon di- 
sulphide added with agitation. This mixture is 
warmed to about 60°C. to complete the reaction, 
is then cooled to allow the sulphur to crystallise, 
and finally distilled to remove the carbon tetra- 
chloride which is added to that previously 
obtained, and purified by distillation from lead 
vessels, dried, and finally distilled from iron 
vessels using a fractionating column. 

Brallier, Dunlop, and Muggleton (Niagara 
Smelting Corp. U.S.P. 1817123, 1931) describe 
apparatus for the chlorination of carbon 
disulphide. 

A bibliography of work on the manufacture 
of carbon tetrachloride from carbon disulphide 
together with corrosion data is given in U.S.S.R. 
Soc. Inst. Research. Sup. Council Dat. Econ. 
State Inst. App. Chem. 1932, 15, 8-39. 

(6) Chlorination of Methane . — An early refer- 
ence to the chlorination of methane is that of 
M alter (G.P. 222919, 1908), who led a mixture 
of 1 voi. of methane and 4 vols. of chlorine 
through a glass tube, irradiated with U.V. 
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light from a quartz mercury vapour lamp. 
45% conversion of methane to carbon tetra- 
chloride frith quantities of met by 1 and methylene 
chlorides, and chloroform w as obtained. 

Tolloczko and Kling (Abhandl. d. Krakauer 
Atad. d. Wissensch. 1912, 52, 295, 316 ; Chem. 
Zentr. 1913, 11, 98) chlorinated natural gas at 
400%'., mth evcess chlorine in the presence of 
a catalyst, and obtained 78% carbon tetra- 
chloride in the mam fraction boiling below 
150%., while hexachloroethane and other higher 
compounds were also formed. With excess of 
hydrocarbons, the mam products were methyl 
and methylene chlorides, with traces of chloro- 
form and carbon tetrachloride. Chlorination 
in U.V. light at 80°-100° confirmed the above 
results, using excess and deficiency of chlonne 
respectively. 

Baskerville and Riederer (Ind. Eng. Chem. 
1913, 5, 5) chlorinated natural gas containing 
from 50*90% of methane m the silent electric 
discharge, or in U.V. light. A mixture of chloro- 
form, carbon tetrachloride, and hexachloroethane 
was obtained with the tetrachloride as chief 
product. Bedford (ibid. 1916, 8, 1090) showed 
that with deficiency of chlonne the yield of 
carbon tetracblonde was only 4-5%. 

Jones and Allison (ibid. 1919, 11, 639), and 
Jones, Allison, and Meighan (Bur. Mines Tech. 
Pspcr, 1B21, Mo. 255, p. 44) examined the 
chlorination in detail, and showed that the 
reaction begins in the dark at 250°, but that 
temperatures between 300°-400°C. are best. 
The heat of reaction w as determined at 400%., 
as 137,000 g.-cal. 

Pfeifer and Mauthner (B.P. 157253, 1921) by 
reaction between chlorine and hydrocarbons at 
150°-50°C. in contact with metals or metallic 
salts, t.g. Fe, Cu, Sb, obtain a wide senes 
of derivatives from methane. Tizard, Chapman, 
and Taj lor (B.P. 214293, 1922) pass methane 
over pumice impregnated with copper chloride 
at 435°C., and obtain a similar senes with 
carbon tetrachlonde and chloroform as mam 
products. The copper chloride is reduced to 
cuprous chlonde during the reaction, but is 
regenerated by chlonne. 

Carter and Cose /BJ 5 , 2459JJ ; IL&Jb 
1572513, 1926 ; G.P. 472421 ; F.P. 597678) 
pass a mixture of methane, methyl chlonde, and 
chlonne through a tube at 400°-500%., and 
obtain 80% of methylene chlonde with smaller 
quantities of the other compounds. The 
reaction was investigated by Boswell and 
McLoughlm (Canad. J. Res. 1929, 1, 240) in two 
stages, (a) the formation of methyl chlonde, 
using 10 vols. nitrogen to 1 vol. methane as 
diluent ; and (6) the formation of carbon 
tetrachloride without nitrogen as diluent. It 
was shown that with only a smau excess of 
chlorine over theoretical and in the absence of 
nitrogen at 450%., carbon tetrachlonde was 
formed in 90% yield. Can. P. 301542, 1930, 
covers the work described in this paper. 

Bodenstein, Gunther, and HofFmeister (Z. 
angew. Chem. 1926, 39, 875) measured the heats 
of reaction : 

(a) C+2CI.=CCI 1 +25,430{±350) g.-cal. 

(b) CC1.+2H,- 

C-f-4HCl+62.570(±350) g.-cal.; 


and showed that the equilibrium constant was 
0 2 at 600°K. (e /. also Bodenstein and others, 
Trans. EJectrochcm. Soc, 1926, 25, 49; Z. 
angew. Chem. 1930, 43, 423). 

B.P. 4S6952 of the I.G. Farbenind. A.-G. 
(Ernst and Wahl) passes a mixture of methane, 
oxygen, and hydrogen chloride over a catalyst 
at 300°— 150%. Chlonne is produced by the 
Deacon reaction, and forms chlorinated hydro- 
carbons. For example, 2 parts methane, 1 part 
oxygen, and 2 parts hydrogen chloride are 
passed over pumice impregnated with copper 
chlonde at 400%. 

Holzverkohlungs-Industrie A.-G. (G.P. 477194, 
478083) chlorinate methane at 400°C. or over, 
with or without catalysts, and I.C.I, Ltd. 
(B.P. 342329, 1929) cover the chlorination of 
hydrocarbons of low carbon content in packed 
or unpacked tubes at temperatures above 650° 
(e g. 800°-850°), using high space velocity. 

B.P. 341878, 1929, of H. Dreyfus covers the 
production of highly chlorinated products (eg. 
CCI,) from methyl alcohol by chlonnation 
with phosphorus or sulphur chlondes, with or 
w it hout free halogen, in the presence of a diluent, 
and under pressure. 

(c) Miscellaneous Methods . — A number of 
electnc heating processes have been suggested. 
A mixture of sodium chlonde and silica is heated 
in the lowest portion of a furnace lined with 
magnesia, and provided with three sets of 
electrodes, one above the other. The middle 
electrodes heat a mass of coke, and the chlorine 
from the alkali chlonde reacts with the in 
candescent carbon, forming carbon tetrachlonde 
which, after passing through the arcs between 
the third set of electrodes, is distilled off. T ho 
temperature does not exceed 2,000° (Machahke 
and Lyon, J.S.C.I. 1003, 22, 1298 ; MachaUke 
Chem. Zentr. 1904, 1 , 1069). The chlonne can 
also be supplied from an external source, the 
carbon only being electncally heated (May- 
wald, J.S.C.I. 1907, 26, 1233). 

Another process consists in heating together 
lime, calcium chlonde, and carbon in the absence 
of air m an electric furnace, in the proportions 
indicated by the equation : 

2CaO+2CaCI,+1 OC^CaCj^COCf, 

The carbonyl chlonde is led over heated coke, 
animal charcoal or pumice, where it is decom- 
posed into carbon tetrachlonde and carbon 
dioxide by surface contact (Machalske and 
Darlington, J.S.C.I. 1906, 25, 559). 

A mixture of calcium chlonde and coke 
heated in the electnc furnace in a stream of 
chlorine also yields carbon tetracblonde 
(Matthews and Darlington, ibid. 1900, 25, 
1232). 

The halogenation of metallic or other carbides, 
each as acetylene, also yields carbon halides, so 
long as the temperature is kept below the dis- 
sociation point of the halide required (Black- 
more, ibid. 1908, 27, 712). 

PcramcATios. — Carbon tetrachloride as ob- 
tained from carbon disulphide is purified by 
chemical means, dried, and then distilled. 
Suitable purification methods are those of 
Schmitz -Dumont (Chem.-Ztg. 1897, 21, 511)- 
viz. caustic soda and alcohol; and Van Ardsel 
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and Vannah (U.S.P. 1697483, 1925), viz. alkaline 
sulphide solutions. 

Drying is normally carried out in a tower 
system with concentrated vitriol, although 
according to Neuville and Mange (F.P. 649934, 
1928) anhydrous calcium, zinc or barium 
chlorides, sodium sulphate or carbonate, alum, 
ammonium and magnesium carbonates may 
be used. 

The final distillation of the dry product takes 
place in an iron still with reflux (cf. Chem. 
Fabrik auf Aktien, G.P. 432849, 1926). The 
product obtained as vapour mixed with small 
quantities of methyl and methylene chlorides 
and ohloroform from the chlorination of methane 
can be condensed and purified by fractional dis- 
tillation, or can be recovered from the exit 
gases by adsorption on charcoal or silica gel, 
advantage being taken of the differential rates 
of adsorption of the various chlorinated com- 
pounds to effect a preliminary separation, and 
afterward dried and distilled in the usual 
manner. Patents covering recovery by char- 
coal or silica gel are those of Burrell, Voress 
and Canter (U.S.P. 1382390, 1921) ; Silica Gel 
Corporation (B.P. 195055, 1923) ; I.G. Farben- 
ind. A.-G. (B.P. 296301, 1928). 

The product comes on the market containing 
only a trace of moisture, free from sulphur and 
sulphur compounds, and is sold in carboys, 
in 50-gallon drums, and in tank wagons. 

Properties. — (a) Physical. — Carbon tetra- 
chloride is a transparent, colourless liquid with 
a pungent odour. 

B.p. 76-74°C. (Thorpe, J.C.S. 1880, 37, 201) ; 
m.p. — 22-7°C. 

Density, d\ 1-6326, d\ 6 1-6057, df 1-5944 ; 
vapour density at N.T.P. 5-30 (air=l) j vapour 
pressure (mm. Hg) 33/0°C., 91/20°, 215/40°, 
447/60°, 621/70°, 723/75° (Schreinemakers, Z. 
physikal. Chem. 1904, 48, 445) ; latent heat of 
vaporisation (cals, per g.) 52-0/0°C„ 46-35/76-2°, 
40-0/80°, 44-15/100° (Mathews, J. Amer. Chem. 
Soc. 1926, 48, 662). 

Specific heat of liquid increases regularly 
from 0-2010/0° to 0-2031/70°, specific heat of 
vapour 0-14/0°, 0-115/70° (Mills and MacRae, 
J. Physical Chem. 1911, 15, 54; cf. also Williams 
and Daniels, J, Amer. Chem, Soc. 1924, 46, 
903, 1569). Specific heat=0-1852-0-00047« (°C.) 
(Timmermans and Martin, J. Chim. phys. 1926, 
23, 747). 

Solid carbon tetrachloride is trimorphous 
(Tammann, Annalen, 1898, 301, 489) the 
three modifications melting at —28-8°, -23-73°, 
and —21-2° respectively, the second being the 
form usually obtained. Refractive index (D line) 
is 1-4658. 

Solubility in water (g. per 100 g.) : 0-097/0°, 
0-083/10°, 0-080/20°, 0 085/30° (Rex, Z. physikal. 
Chem. 1906, 55, 355) ; 0-077/15°, 0-081/30° 
(Gross and Saylor, J. Amer. Chem. Soc. 1931, 
63, 1744). 

Solubility in carbon tetrachloride of (a) water 
(g. per 100 g.) : 0-00711/10°, 0-00844/20°, 
0-0109/30°, 0-0152/40°, 0-0237/50° (Rosenbaum 
and Walton, J. Amer. Chem. Soc. 1930, 52, 
3568) ; of (6) sulphur (g. per 100 g.) : 
0-645/15-5°, 0-723/18°, 0-754/22° (Delaplace, 
J. Pharm. Chim. 1922, 26, 139) ,- of (c) chlorine, 


solubility coefficient =0-03 1+0-003/19° (Schwab 
and Hanke, Z. physikal. Chem. 1924, 114, 
251). 

The adsorption of carbon tetrachloride on 
charcoal and silica and alumina gels has received 
attention from a large number of workers : 
Berl and Andress (Z. angew. Chem. 1921, 34, 
369) give data for adsorption of tetrachloride 
on charcoal activated by zinc chloride ; Coolidge 
(J. Amer. Chem. Soc. 1924, 46, 569) examined 
the adsorption on carefully purified charcoal ; 
Perry (J. Physical Chem. 1925, 29, 1462) 
showed that 10 g. of alumina gel adsorbed 3-6 g. 
carbon tetrach'orido at 25°C. ; Patrick, Frazer 
and Rush [ibid. 1927, 31, 1511) used carbon 
tetrachloride in a study of the properties of 
silica gel at various temperatures ; Pearce and 
McKinley (ibid. 1928, 32, 360) determined the 
heat of adsorption on coconut charcoal at 
25°C. ; Pearce and Johnstone [ibid. 1930, 34, 
1260), and Pearce and Reed (ibid. 1931, 
35, 905) determined the adsorption on char- 
coal of the gases formed by the chlorination of 
methane. 

(6) Chemical . — Dry carbon tetrachloride is a 
stable compound, "and can be heated in contact 
with dry metals to fairly high temperatures 
without decomposition. In the presence of 
moisture, however, it rapidly hydrolyses when 
heated, liberating phosgene and hydrogen 
chloride, 

CC1 4 + H 2 0=C0C1 2 +2HCI, 

a reaction which is of considerable technical 
importance, for it causes great difficulties in the 
choice of materials for handling hot moist 
carbon tetrachloride, and also makes the use of 
tetrachloride fire extinguishers in closed rooms 
and buildings a dangerous procedure owing to 
the intensely poisonous nature of carbonyl 
chloride. Doughty (J. Amer. Chem. Soc. 1917, 
39, 2685) Bhowed that the hydrolysis of pure 
carbon tetrachloride by pure water at ordinary 
temperatures was negligible, but was accelerated 
by the presence of iron and copper, and became 
very marked at elevated temperatures. 

The corrosion of various metals by dry and 
moist carbon tetrachloride has been examined 
by Bolis (Chem.-Ztg. 1907, 30, 1117) ; Rhodes 
and Carty (Ind. Eng. Chem. 1925, 17, 909), 
who Bhowed that nickel is the metal most resis- 
tant to cold carbon tetrachloride (wet and dry), 
and tin to the damp vapour. Aluminium reacted 
with dry tetrachloride to form aluminium 
chloride and hexachloroethane. Formanek (Chem. 
Zentr. 1930, 11, 976) states that the corrosion 
in the cold of copper, brass, tin and iron by 
tetrachloroethane and trichloroethyleneis more in 
8 weeks than by that of carbon tetrachloride in 8 
months. 


Reduction of carbon tetrachloride by hydrogen 
in the presence of pumice yields methane and 
ethylene (Berthelot, Ann. CMm. Phys. 1858, [iii], 
53, 69) ; using reduced nickel as catalyst, 
hexachloroethane is formed at 270°, while with 
excess of hydrogen and nickel, tetrachloroethane 
is produced (Sabatier and Mailhe, Compt. rend. 
1904, 138, 407). 

Ferrous hydroxide and a base or basic Balt 
causes substitution of chlorine by hydrogen 
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(Soc. dea Usines Chim. Rhine Poulenc, R.P. 
225174, 1923 ; Can. P. 250594, 1925), complete 
substitution of chlorine by bromine occurs 
readily by heating with aluminium bromide 
(Gnstavson, Bull Soc. chim. 1881, [u], 35, 556); 
and by treating carbon tetrachloride at the 
boiling-point with fluorine a mixture of CCIjF, 
CCIjF,, and CF 4 13 formed (Ruff and Keim, 
Z. anorg. Cbem. 1931, 201, 245). 

The action of sulphur gives rise to a number 
of carbon sulphochlondcs, the final product 
being carbon disulphide (Klason, Ber. 1887, 
20. 2376); cf. method of manufacture. 

Chlorsulpnonic acid and phosgene are formed 
by the action of fuming sulphuric acid (45% 
SOj) on carbon tetrachloride (Lepin, J. Russ. 
Phys. Chem. Soc. 1920, 52, 1). 

Uses. — The principal uses of carbon tetra- 
chloride are as sol rent, dry cleaning agent, fire 
extinguisher, and insecticide. 

(а) Sohent. — The product possesses high 
solvent power for a large variety of organic and 
inorganic compounds, and finds use in the pre- 
para t ion of floorpohshes, shoe-cleaning materials, 
as solvent for various lacquers, asphalts, resins, 
etc , and jn considerable quantities in the rubber 
industry for adhesive solutions, and in the cold 
vulcanisation process. 

Owing to its non inflammability it has dis- 
placed acetone and benzene very largely in the 
lacquer industry. 

The general adoption of carbon tetrachloride 
as solvent is slower than would be expected 
from its desirable properties, but owing to its 
narcotic action, coupled with the fact that tn- 
chlorethylene, which is an equally good solvent, 
and also non inflammable, is available com- 
mercially, a large number of users prefer the 
latter. For hteraturo on carbon tetrachloride 
poisoning, tee Lewis (Z. deut. Oel Fett. Ind 
1020,40, 421, 439); “ Lehrbuch der Toxicologie," 
1929 , I'erzer and others (Ind. Eng. Chem. 
1922, 14, 456 ) ; Davis ( Rubber Age, 1929, 25, 
367) ; I^hmann (Zentr. Gewerb-hygicnc, 1930, 
7, Part 5, 123). A comprehensive article on the 
toxicity of carbon tetrachloride containing a 
bibliography of over 100 references i3 to be 
found in Report No 80 of the Medical Research 
Council Industrial Health Research Board, 
" Toxicity of Industrial Organic Solvents,” 
1937, pp. 136-161, published by H M. Stationery 
Office. 

It has been stated that the narcotic action 
of carbon tetrachloride is about 50% greater 
than that of chloroform and about equal to that 
of benzene. 

(б) Dry Cleaning. — The large number of fires 
caused by benzine used for the dry cleaning of 
goods has restricted its use to conditions under 
which special precautions are necessary. Non- 
inflammable solvents such as carbon tetrachloride 
and trichloroethylene are therefore active com- 
petitors to benzine as dry-cleaning agents, in 
which respect there seems little to choose 
between them (see Vol. I, 130b) 

(c) Fire Exitnguithers . — Considerable atten- 
tion has been paid to the uses of carbon tetra. 
chloride as fire extinguisher, chiefly on account 
of its reputed danger owing to decomposition 
to phosgene when heated in presence of moisture. 


The net result of the investigations, some of 
which are listed below, is that carbon tetra- 
chloride extinguishers are definitely dangerous 
when used in confined spaces owing to phosgene 
formation, hut in the open air this risk is very 
slight. 

Sc© the following: Fiddlier, Katz, Kinney 
and Longfellow (J. Franklin Inst. 1920, 190, 543); 
Fieldner, Katz and Kinney (Bur. Mines Tech. 
Paper, 1921, No. 248, p. 66) ; Fohlen (Tech. 
Modeme, 1922, 14, 593) ; Voigt (Chera.-Ztg. 
1925, 49, 937) ; Dufraissc and Horclois (Compt. 
rend. 1931, 192, 564) ; Alice Hamilton (Ind. 
Eng. Chem. 1933, 25, 539). 

The I.G. Farbenind. A.-G. have patents cover- 
ing the prevention of phosgene formation from 
carbon tetrachlondo in fire extinguishers con- 
sisting of the addition to the tetrachloride of 
ammonia, a bj drocarbon or organic phosphate, 
and/or a suitable oil or fat m small quantities 
(B.P. 317843, 1928, 319320, 331147 ; G.P. 
513191). 

(d) Insecticide. — Carbon tetrachloride pos- 
sesses insecticidal action, and has recently been 
used for fumigation of crops (Joachmoglu, 
Biochem. Z. 1921, 124, 134) and stored goods 
(Cotton and Roark, J. Econ. Entomol. 1927, 20, 
636). 

Hoyt (Ind Eng. Cbem. 1928,20,460) showed 
that 100% kill of insects infesting flour, clothing, 
and furniture in a store was obtained with a 
dosage of 14 lb. of mixture containing 3 parts of 
ethylene dichlonde to 1 of carbon tetrachloride 
per 1,000 cu ft at 82°F. for 24 hours. The 
store had to be made gas tight beforo the 
test. 

Further work by Hoyt (ibid. 1929, 20, 835, 
931) and Thomas (J. Comm. Sci. ind. Res. 
1929, 2, 128) confirmed previous results. 

Statistics. — Production statistics m respect 
of carbon tetrachloride for the chief manu- 
facturing countries are not available as the 
relevant figures are normally included in 
returns showing the production of a wide range 
of solvents. F. It. 

CARBONADO or “black diamond” 
(known in the trade as “ carbon " or “ carbon- 
ate ”) is a finely granular crystalline material, 
dull, black, and opaque. 

" CARBONALPHA" v. Carbon, Carbon 
Black or Oas Black. ' 

CARBONIC ANHYDRASE is the name 
given to an enzyme separated from red blood 
corpuscles by Meldrum and Roughton (J- 
Physiol. 1933, 80, 113, 143). Unlike many 
enzymes it catalyses reactions which proceed at 
an appreciable rate in its absence. Its function 
is to accelerate the formation qf carbon dioxide 
from bicarbonate in the lung blood vessels of air- 
breathing animals. It may have other possi- 
bilities in earlier stages of metabolism. There 
is enough in human blood to accelerate the 
reaction about 2,000 times at 15°C. and 600 times 
at 37°C. A method of measuring the activity 
has been devised by the authors. It is obtained 
by shaking a mixture of 10 c.c. washed ox cor- 
puscles with 6 c.c. HjO+4 c.c. EtOH, to w htch 
5 cc. of chloroform are added. On centri- 
fuging the enzyme solution is m the top la) or 
of a three-phase system and jields a brown 
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solid on evaporation in a vacuum desiccator. 
It can be purified by AI(OH) 3 adsorption when 
it shows no catalase, oxidase or peroxidase 
reactions. It is then relatively undialysable, 
is stable to temperatures up to 65°, is destroyed 
in buffer solutions outside the range p a 4—1 1 
and gives positive results with the various pro- 
tein tests. It has been found in the blood of all 
vertebrates but not in milk, urine or plasma. 
It is absent from green plant material and yeast. 

E. F. A. 

CARBON ITE, or natural coke. A coke- 
like material formed by the baking action of 
intrusive igneous rock-masses on seams of 
bituminous coal. Found in Ayrshire and in 
Chesterfield Co., Virginia. L. J. S. 

CARBONYLS, METAL. Compounds of 
tho heavy metals with carbon monoxide. 

The first compound of this type, nickel 
carbonyl, Ni(CO) 4 , was discovered by Mond, 
Langer and Quincke (J.C.S. 1890, 57, 749). 
Sinco that date, carbonyls of iron, eobalt, 
chromium, molybdenum, tungsten and ruthen- 
ium have been prepared. Of these, the nickel, 
iron, and probably the molybdenum compound 
have found extensive technical application. 
Chemically, these compounds form a group of 
especial interest in that, in contrast to the other 
compounds of the transition metals, they are 
volatile and diamagnetic. 

Tho carbonyls of nickel, iron, cobalt and 
molybdenum are obtained by the action of 
carbon monoxide upon the reduced metal. For 
tho laboratory preparation of nickel carbonyl, 
nickel is reduced from the oxalate (Laird, Rec. 
trav. chim. 1927, 46, 177 ; v. Duin, ibid. 381) 
or from the hydrated oxide at temperatures 
below 300°. Tho metal is cooled in hydrogen, 
and carbon monoxide is admitted in the cold. 
Rapid adsorption occurs, with much evolution 
of heat. The carbonyl formed may be dis- 
engaged by cautious warming. Iron carbonyl, 
Fe(CO) 5 , may be prepared similarly, but 
reaction occurs readily only at high pressures, 
when specially active iron is not essential. At 
high pressures reaction occurs even with massive 
iron, so that carbon monoxide or coal gas stored 
under pressuro is always liable to contain iron 
pcntacarbonyl, which may bo formed in con- 
siderable quantity in such circumstances 
(Mittasch, Z. nngow. Chem. 1928, 41, 827 ; 
Friend, J.C.S. 1930, 718). Traces from a 
similar sourco may bo present in synthetic 
methanol. Iron carbonyl is now produced on a 
technical scale by employment of pressures of 
100-200 atm. Small amounts of copper may 
bo added, which accelerate tho reaction, and 
permit of reduction at lower temperatures 
(B.P. 319356, 1928). Molybdenum carbonyl, 
Mo(CO) c , may be prepared by the action of 
carbon monoxide on the metal reduced from tho 
oxychloride (Mond, Hirtz and Cowap, J.C.S. 
1910, 97, 798) or, technically, reduced from the 
oxide in prcsenco of copper. According to 
Mittasch ( l.c .), by paying attention to the 
purity of the materials, and especially to that 
of the carbon monoxide, combination with 
iron and molybdenum may bo made to proceed 
as avidly ns with nickel. 

Chromium carbonyl, Cr(CO) c (Job and Cassal, 
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Compt. rend. 1926, 183, 392), and tungsten 
carbonyl, W(CO) 6 (Job and Rouvillois, Compt. 
rend. 1928, 187, 564), have been prepared by the 
action of a Grignard reagent on sublimed 
chromic chloride or tungsten hexachlorido 
respectively, in presence of carbon monoxide. 
Molybdenum carbonyl may be prepared 
similarly (Hieber and Romberg, Z. anorg. 
Chem. 1935, 221, 321). 

Ruthenium was at first described (Mond, 
Hirtz, and Cowap, l.c.) as form in g a yellow- 
orange compound with carbon monoxide but 
at 180° and 200 atm., a small amount 
of the liquid Ru(CO) 5 is formed. The 
same compound is readily obtained by the 
action of carbon monoxide on Ru 1 2 -2CO in 
presence of silver at 170° and atmospheric 
pressure, or at 100° and 250 atm., or — without 
isolating Rul 2 -2CO — by heating ,RuI 3 with 
5 parts of “ molecular ” silver in carbon 
monoxide at 170° and 450 atm. (Manchot 
and Manchot, Z. anorg. Chem. 1936, 226, 
•870). 

The so-called carbonyls of the alkali metals 
are of entirely different constitution. The 
explosive compound formed by heating potas- 
sium in carbon monoxide (Nietzki and 
Benckiser, Ber. 1885, 18, 499, 1833) is 

K s C c O e , a Balt of hexahydroxybenzene. Tho 
compounds formed with potassium, sodium, 
lithium, calcium, barium, etc., in liquid ammonia 
(see e.g. Joannis, Compt. rend. 1893, 116, 1518 ; 
Roederer, Bull. Soc. chim. 1906, [in], 35, 715 ;• 
Pearson, Nature, 1933, 131, 166) are of unknown 
nature. 

The monomeric carbonyls Ni(CO) 4 , Fe(CO) 5 , 
Cr(CO) 6 , Mo(CO) 6 , Ru(CO) 5 , W(CO) 6 , aro 
volatile, tho polynuclear compounds Fe 2 (CO) 0 , 
Co 2 (CO) 8 , Co 4 (CO) J2 , and 
Ru 2 (CO) 0 are non-volatile or slightly volatile 
solids. They are all decomposed by heating, 
with deposition of a metal mirror ; the stability 
is greatest in tho case of Cr(CO) 6 , which is 
appreciably decomposed only abovo 140°. 
They are attacked and decomposed by the 
halogens and by strong oxidising agents. The 
volatile compounds, especially nickel carbonyl, 
are extremely toxic (Armit, J. Hygiene, 1907, 
7, 525 ; 9, 249). 

Nickel Carbonyl, Ni(CO) 4 , b.p. 43°, 
m.p. —22°, d 1-325 at 14°, is a colourless, highly 
refractive liquid. Dissociation of the vapour 
commences above 40°, and is nearly complete 
at 180°. Halogens cause immediate decom- 
position : 

Ni (CO) 4 + Br 2 = NiBr 2 + 4CO 
Reaction occurs also with phosphorus (Grieb 
and Jones, J.C.S. 1932, 2543), forming. NiP and 
possibly NiP 4 , and with carbon disulphide 
vapour, forming NiS (Dewar and Jones, J.C.S. 
1910, 97, 1226). Oxidising agents, or moist air, 
also cause , decomposition, forming basic car- 
bonates, etc. By the action of pyridine or o- 
phenanthroline, however, only a portion of the 
carbon monoxide is displaced, forming com- 
pounds 

Ni 2 (CO) 4 (C 6 H s N) 3 and Ni(CO) 2 (C 12 H 8 N 2 ) 
(Hieber, Muhlbaucr, and Ehmann, Ber. 1932, 
65, [B], 1090). 
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The thermal decomposition of nickel carbonyl 
finds its principal application in the Mond pro- 
cess for separating nickel from the Sudbury 
copper-nickel matte. The nickel deposited is 
said to be especially suited for anodes for nickel 
plating, and is the only source of completely 
cobalt-free nickel. The nickel coaling of 
mirrors and Dewar flasks by the process has also 
been proposed (Fink and King, Trans. Amer. 
Electrochem. Soc. 1928, 54, 397). 

Iron Pentacarbonyl, Fe(CO) s , bp. 102°, 
m.p. —21®, d I 4664 at 18° is a yellow liquid. 
In sunlight it undergoes photochemical decom 
position, forming iron nonacarbonyl, Fe,(CO), 
(Dewar and Jones, Proc. Roy. Soc. 1906, 79, 
66 ; Warburg and Negelein, Biochem. Z. 1928, 
200, 414). The latter decomposes on heating 
into iron pentacarbonyl and iron tetracarbonyl, 
Fe,(CO)j4, which may be more conveniently 
obtained by the oxidation of iron carbonyl 
hydnde, FefCOhHj. 

Alkali salts of iron carbonyl hydride are 
obtained by the action oi alkalis, especially 
in alcoholic solution, on iron pentacarbonyl 
(Hieber and Leutert, Z. anorg. Chem. 1932, 204, 
145): 

Fe(CO).+4NaOH 

s=Fe(CO) 4 Na 1 +Na 1 CO J +2H,0 

On addition of acid, the carbonyl hydnde is 
liberated as a volatile, very reactive liquid, 
which may be quantitatively oxidised, without 
being isolated, to iron tetracarbonyl, t.g. 

3Fe(CO) 4 H 1 -t-3H i O l =Fe J (CO) 11 +6H 1 6 

(Hieber, Z. anorg. Chem. 1932, 204, 165). 

Mercury salts react directly with iron penta- 
carbonyl, forming the corresponding mercury 
salt (Hock and Stuhlmann, Ber. 1929, 62, [B], 
431): 

Fe(C0) J +HgS0 4 +H 1 0 

= Fe(C0) 4 Hg+C0 I +H,S0 4 
^This reaction may be used for the separation 
of small amounts of iron pentacarbonyl. 

The iron carbonyls undergo numerous re- 
actions in which the carbon monoxide is only 
partially displaced from the molecule. Thus 
the halogens form unstable addition compounds 
Fe(CO) 5 X lP which break down at the ordinary 
temperature to compounds Fe(CO) t X r These, 
in the light, or with water, yield the pure iron 
halides and carbon monoxide (Hieber and Bader, 
Ber. 1928, 61, [B], 1717). CO in the carbonyls 
and the carbonyl halides is replaceable by 
pyridine, etbylenediamme and other com- 
pounds, forming compounds with a lower ratio 
CO: Fe, such as 

Fe,(CO) 4 (C 4 H s N) 3 , Fe(CO),(C 5 H 4 N) 
etc. This replaceabihty of CO by amines is 
characteristic of the carbonyls and shows that 
the CO, like the amines, is co ordinatively 
attached to the metal atom. 

Iron tetracarbonyl undergoes reactions similar 
to those of Fe(CO) s , but is more reactive. 
With nitric oxide it forms the compound 
FeJCOjjfNOjj, which reacts similarly to the 
carbonyls proper, and forms derivatives con- 


taining no CO, eg. FetNOJjfCjjHgN!) (J. S. 
Anderson, Z. anorg. Chem. 1932, 208, 238). 

Ruthenium pentacarbonyl, Ru(CO) s ,m p. 
—22°, closely resembles the iron compound in 
its reactions. Thus it forms Ru,(CO), by 
photo-decomposition, and probably RUj(CO),, 
at higher temperatures. 

Cobalt tetracarbonyl, Co s (CO) g , is an 
orange, slightly volatile solid, which decomposes 
above its m.p. (52°) to form Co 4 (CO) lr Its 
chemical behaviour is similar to that of iron 
carbohyl. With nitric oxide it forms a volatile 
lutrosocarbonyl, Co(CO) s NO, and gives rise 
also to the unstable volatile hydride, Co(CO) t H. 

Chromium, molybdenum and tungsten car- 
bonyls are colourless crystalline bodies, sub- 
liming without fusion. They are characterised 
by great stability, being inert to the action of 
bromine, but attacked by aqua regia. Chromium 
and tungsten carbonyls have not, as yet, found 
technical application. 

The decomposition of the metal carbonyls on 
hot surfaces gives rise, as already stated, to 
compact mirror deposits. Owing to catalytic 
decomposition of the carbon monoxide, 
2CO — *• C-jCOj, the metal bo deposited con- 
tains free carbon and, in the case of iron car- 
bonyl, Fe s C. By decomposition in the gas 
phase, however, a finely divided product is 
obtained, containing some free carbon and a 
little oxide. By re-fusing this m an induction 
furnace with the theoretical quantity of pure 
feme oxide (also obtained by oxidation of iron 
carbonyl), an extremely pure metal may be 
obtained, containing less than 0 0007% of 
carbon and 0 01% of oxygen (Mittasch, Z. angew. 
Chem. 1928, 41, 827 ; F.P. 690981, 1929). 
This so called carbonyl iron find3 application 
for the preparation of catalysts and for magnet 
and transformer cores. 

The metal carbonyls have been used as anti- 
knock agents (C. K. Reiman, Ind. Eng Chem. 
1927, 19, 1055; Ohn and Jebens, ibid. 1929, 
21, 43; Sims and Mardles, Engineering, 1926, 
121, 774), as have the addition compounds of 
iron and molybdenum carbonyls with ethyl- 
amine, etc. (U.S.P. 1780643, 1927). The use of 
carbonyls as catalysts in the polymerisation of 
fatty esters has also been proposed (B.P. 340004). 

Metal carbonyls in the air may be detected 
and estimated by passing through nitric acid 
and over l|0 4 to oxidise the carbon monoxide 
(Lucas and Qrasaner, Mikrochem., Ernich 
Festschrift, 1930, 197). According to Clark, 
Hardy, and Wilman, 5-6xl0~ 7 g. of Fe (as 
carbonyl) per c c. of air may be detected by its 
effect on the ultra-violet spectrum of a petrol 
flame. 

A bibliography of the scientific, technical, and 
patent literature of the carbonyls to 1930 is 
given by Mond (J.S.C.I. Trans. 1930, 49, 288).^ 

CARBORAFFIN. Activated carbon, pre- 
pared by mixing the raw material (sawdust, 
peat, etc.) with zinc chloride, carbonising at 
650°, washing to remove zinc chloride, drying, 
and grinding. Used in sugar refining. 

CARBORUNDUM, SIC. Crystalline sili- 
con carbide. 

About 1890 E. G. Acheaon, in attempting to 
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crystallise carbon, by dissolving it in aluminium 
silicate, in an electric arc, obtained some blue 
crystals which he assumed must be a compound 
of carbon and alumina (corundum) and sug- 
gested the name “ carborundum.” Analysis, 
however, proved that they were in fact silicon 
carbide, a compound which had been studied 
by Schutzenberger, Coison, Moissan, and others 
(for fuller details, see Mellor, “ Compre- 
hensive Treatise on Inorganic and Theoretical 
Chemistry',” Vol. V, p. 875). The commercial 
prpduction was begun about 1892, by the 
Carborundum Co., at Niagara Falls, U.S.A., and 
also in Canada, under Acheson’s patent (cf. B.P. 
17911, 1892). 

Preparation . — Amorphous silicon carbide is 
formed a9 a greenish powder by heating carbon 
and silica together at about 1,200°C. (Schutzen- 
berger, Compt. rend. 1892, 114, 1089), but car- 
borundum is only formed at a temperature of 
1950°C. (Tucker and Lampen, J. Amer. Chem. 
Soc. 1900, 28, 853). Their experiments were 
made with an industrial furnace and they found 
the temperature of decomposition of carborun- 
dum into graphite and silicon to be 2,220°C. 
Gillett, working with an experimental furnace, 
confirmed that figure, but gave the temperature 
of formation as 1,540°C. (J. Physical Chem. 1911, 
15, 213). By means of the electric arc, Moissan 
obtained pure silicon carbide, in the form of 
pale green crystals, from the vapours of carbon 
and silicon (Compt. rend. 1893, 117, 423). 

The method of manufacture used at Niagara, 
remains substantially the same, and is as follows: 
The furnaces are built of firebrick and arc about 
16 ft. long, 6 ft. high and 5 ft. wide. The ends 
are solid, about 2 ft. thick, and carry the 
terminals. Each terminal consists of 60 carbon 
rods, 30 in. long and 3 in. diameter, into the 
ends of which fit copper plugs, which in turn 
fit into sockets in a square coppor plate bolted 
to the outside of the wall, and connected with 
the leads. Only tho end walls and the bed are 
permanent ; the sides are built up with the 
chargo and are taken down to remove tho 
product. 

In charging, the furnace is half filled with the 
materials, which must not touch the electrodes ; 
and a cylindrical core 21 in. diameter, composed 
of pieces of coke J— J-in. diameter, is built up 
between tho electrodes. Over this the charge 
is built up to a height of 8 ft. The current 
passes through tho coke and forms numerous 
arcs which heat tho charge to a very high 
temperature. The charge is composed of : 


Coke 34-2 parts. 

Sand 64-2 „ 


Sawdust 9-9 „ 

Common salt .... 1-7 „ 

The salt is added ns a flux ; the sawdust to 
increase the porosity of the charge and thus 
allow the escape of the enrbon monoxide formed 
in the reaction : 

SiOj-f 2C=Si+2CO 
Si+C=SiC 

During the run, about 6 tonB of this gas are 


given off and are allowed to bum at the top of 
the furnace. 

The alternating current supplied by tho 
Niagara Power Co. at 2,200 volts is transformed 
down to 165 volts, and a large water rheostat 
is used to regulate or interrupt the current , the- 
usual means being too dangerous with the heavy 
currents used. At the beginning of a run the 
E.M.F. is 165 volts, but within 1 J hours tho 
resistance falls and the E.M.F. is reduced to 125 
volts ; during this period, the current increases 
from 1,700 to 6,000 amps. Tho conditions 
then remain steady during the whole run of 
36 hours. 

The chargo per furnace is about 30,000 lb., 
of which the core forms about 3%, the energy 
used is about 26,400 kilowatt-hours, and the 
product consists of about 6,700 lb. of carborun- 
dum and 5,000 lb. of amorphous silicon carbide. 
In other words, about 4 kilowatt-hours are 
required for the production of 1 lb. of car- 
borundum. 

A modification of the process consists in pre- 
heating the charge by combustion of gaseous 
or solid fuel (Tone and the Carborundum Co., 
U.S.P. 908357, 1908). By moving the arc zono 
from the material formed, in the direction of the 
unreduced mixture, a column of silicon is built 
up under the electrodes, and by removing 
portions of the carbide and supplying fresh 
material, the process can be made continuous 
(idem. U.S.P. 937119, 1909). 

The carborundum is dug out in large masses 
and pounded with water in a mechanical crusher, 
and then digested with sulphuric acid (1:2) for 
3 days at 100°C. and finally washed with water. 
The finer portions which are washed away are 
collected separately and known ns “ flours.” 
The residue is dried in a kiln and graded through 
a system of screens. The finest powders are 
graded by the time they remain in suspension 
in water and are designated as 1-, 3-, 4-minuto 
powders (Kohn, J.S.C.I. 1897, 16, 863). 

The following table gives tho composition of 
some of these products : 



I. 

II. 

HI. 

IV. 

V. 

Si . 

. 70-00 

69-85 

62-70 

69-10 

65-42 

C . 

. 30-00 

29-80 

32-26 

30-20 

27-93 

AloO, 

Fe;0 3 

1 - 

— 

0-93 

0-46 

5-09 

CaO 

— 

— 

— 

0-15 

0-38 

MgO 

— 

— 

0-11 

— 

0-21 


100-00 

99-65 

96-00 

99-91 

99-03 


I. The calculated composition of SiC. 

II. Moissan’s pure product (Compt, reDd. 1893, 117, 
425). 

III. Commercial carborundum. 

IV. Commercial carborundum purified by MUhl- 
haliser’s method — heating in oxygen for 1 hour and 
treating with hot sulphuric and hydrofluoric acids 
(Dlngl. poly. J. 1893, 289, 164). 

V. Amorphous silicon carbide. 


In the production of the silicon carbide in the 
furnaces, the inner granular core is surrounded 
by a layer of soft graphite which is succeeded 
by tho crystallised carborundum and beyond 
this is a mass of “ firesand.” 

Some modifications in the process have been 
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suggested. For example, Weber (U.S.P. 728523, 

1903) proposed heating kaolin and coke in an 
electric furnace, whereby aluminium and silicon 
carbides are formed, and the former is decom* 
posed by water and remov ed, leaving the car- 
borundum behind. The production of a dense, 
compact variety, by the action of carbon and 
silicon on silicon carbide has been patented by 
the Carborundum Co. (U.S.P. 913324) and by 
Bouvier (F.P. 350369, 1904). Potter and 
Westinghouse (U.S.P. 875673, 1907) produce 
the carbide from silicon monoxide and carbon. 

Articles may be formed m pure carbon and 
afterwards converted into carborundum by 
heating to a very high temperature in a bed of 
finely powdered carborundum or of Band and 
carbon (Bolling, B P. 6693, 1905). 

Properties .-- Carborundum crystallises in flat 
hexagonal rhorabohedra having an adamantine 
lustre and a hardness of 9 5 For a detailed 
description of the crystalline structure of the 
three polymorphs of carborundum, tee Ott 
(Z. Knst. 1925, 61, 515; 62, 201; 63, I) 
It seems doubtful whether carborundum can 
scratch diamond, but it is used for drilling and 
polishing When pure the product is colourless, 
but the commercial product is greenish grey to 
yellow or blue, duo to such impurities as iron, etc. 
Ita Bp gr. is 3 23 at 15° (Fitzgerald, J S.C.1. 1897, 
16, 246). 

It is infusible and quite unaffected up to a 
temperature of 2,220 < ’C., when it is decomposed 
into silicon and graphitic carbon Acids have 
no effect upon it, but it is attacked by fused 
alkalis with the formation of a silicate and 
carbon. By this conversion into a silicate and 
precipitation of sibca the silicon can be deter- 
mined. Tbe carbon is determined by oxidising 
the finely powdered material with lead chromate 
(Matthews, J S C.1. 1895, 14, 755 ; Muhlhauser, 
Z. anal. Chem. 1893, 32, 564). 

Uses . — Carborundum was originally used in 
place of emery as an abrasive, and is still ex- 
tensively employed as such. Though expensive, 
it docs the work better aDd in one-third to a 
quarter of the time (Muhlhauser, l c ). The 
powder is used for glass cutting and grinding, 
and for polishing. 

It is made up into grinding wheels, hones, etc., 
by mixing with moistened kaolin and felspar, 
moulding under hydrauhe pressure, and firing 
the articles in a kiln for 7 days. Other binding 
materials, shellac, rubber, etc , are used for 
making grinding wheels for special purposes ; 
and papers, similar to gla«3 or emery paper, are 
made. The binding material may be dispensed 
with by moulding the carborundum, either 
crystalline or amorphous (part of it being 
ground to a very fine powder), with water and 
heating the articles to 2,500°F. in an oxidising 
flame. Oxidation causes the grams to cohere 
superficially and the method can bo extended 
tocoatingother refractory articles (Carborundum 
Co., B.i\ 9963, 1904 ; Tone, U.S.F. 772262, 

1904 ) . 

Carborundum can be used instead of diamond 
for drill heads, if incorporated with a suitable 
metalbc or ceramic matrix {Bouvier, F.P. 
37533S, 1907). 

Neumann (Chem.-Ztg. 1900, 24, 1013) ha3 


shown that silicon carbide reduces the chlorides 
of silver, copper, nickel and lead to their respec- 
tive metals, but it is obvious that for ordinary 
metals the usual reduction -with carbon is 
certainly cheaper. By the action of silicon 
carbide on metallic oxides, many metallic 
silicides may be obtained. The reaction may be 
used for the preparation of special ternary and 
quaternary steels at a single operation (Muller 
and Baraduc, F.P. 361950, 1905; G.P. 210216, 
1906). 

Silicon carbide is used instead of ferro silicon 
as a source of silicon in steel making. Quantities 
of about 0 1-0 4% placed in the ladle, at regular 
intervals, dissolve in the molten metal and 
ensure solid castings (Kaufmann and Bouvier, 
F.P. 344906, 1904 ; Eng. and Min. J. 75, 481 ; 
F. J. Tone, “ The Iron Age,” New York, 1899). 

One of the most important uses of carbo- 
rundum is as a refractory material, for which its 
peculiar properties render it specially serviceable. 
Under the action of extreme heat, it does not, 
like many refractories, soften below the tempera- 
ture of decomposition, 2,220°C., nor undergo 
after expansion nor after contraction, bka silica 
and fireclay bnchs. Its heat conductivity is 
higher than other refractories and its thermal 
expansion is low. It is extremely hard and 
resistant to abrasion and bemg chemically very 
inert resists the action of acids, slags, etc. 

Carborundum articles can be made m various 
ways. The method of mixing water with a 
portion of the material in the form of a very fino 
powder gives a certain amount of binding power 
to the mass, and subsequent heating in an 
oxidising flame makes the article hard and com- 
pact (cf. supra). Bricks are also bonded with 
clay, but the amount of clay should be kept 
as small as possible, and the vitrification tem- 
perature of tho clay should be high. Such 
bricks may be regarded as “ clay-grog ” bncks 
in which carborundum is substituted for grog, 
and this replacement, ranging from perhaps 
10-65%, increases the tcnsilo strength, thermal 
conductivity and slag resistanco (Walton and 
Hauman, J. Amcr. Ceram. Soc. 1930, 13, 935). 
Peters (ibid. 1922, 5, 181) found that the pro- 
portioning and sizing of the constituents was 
important and affected the tensile strength, the 
deformation under load and resistance to spall 
mg. A very refractory and impermeable article 
can be made by mixing silicon carbide with not 
moro than 25% of alumina, magnesia, lime, 
spinels, etc., and firing in an inert gas, such as 
carbon monoxide, nitrogen, helium, etc., to tho 
point of incipient fusion of the bond. The 
beating should be rapid, to prevent recrystal- 
h«ation of the carbide (Carborundum Co., Ltd , 
B.P. 419214, 8.5 33). In connection with tbe 
recrystallisation, Ruff suggests that it i» 
“ probably traceable to the temporary for- 
mation of a compound of carbon and oxygen, 
ncher in carbon than CO ” (Trans. Elcctrochcm. 
Soc. 1935, 63, 87). 

Carborundum Cresand is the name given to a 
material obtained during the process of manu- 
facture and is a compound of carbon and 
partially reduced silica. It is used as a refrac- 
tory and when further heated in an electric 
furnace is converted into crystallised car* 
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borunditra. It is a greyish-green, granular 
material, of sp.gr. 2-7, and can be bonded with 
fireclay and rammed into position as a solid 
mass, thus obviating the necessity of specially 
shaped blocks and eliminating joints in brick- 
work. It is largely used in high temperature 
furnaces, is very resistant to the scouring action 
of copper and brass slags, and can be applied as a 
protective coating to firebrick walls, and as the 
lining of ladles. 

Two varieties of carborundum articles are 
mado : Refrax, which consists of a dense 
mass of carborundum crystals (98-99%), bonded 
together by recrystallisation of the carbide; and 
Carbofrax, in which the crystals aro bonded 
with a small percentage of a refractory clay. 
Tho properties of the two products are very 
similar, but the refractoriness and thermal 
conductivity are somewhat lower in the Carbo- 
frax than the Refrax articles. 

Tho following table summarises some of the 
main properties of carborundum refractories : — 


Specific gravity .... 
Apparent gravity 

Porosity 

Tensile strength .... 

Crushing strength 

Specific heat 23°C. . 
Thermal conductivity 100°C. 


Refrax, specific resistance 

of at 25°C 

Refrax, specific resistance 

of at 1,400°C 

Carbofrax, specific resistance 
of at 25°C 

Carbofrax, specific resistance 

of at 1,200°C 

Linear expansion at 1,300”C. 


3-18 

2-3 

28% 

1,000-2,000 lb. per 
sq. in. 

12,500-14,500 lb. 
per sq. in. 

0-18 

0-0275 g.-eals. per 
°C. per cm. cu. 
per see. 

50 ohms per c.c. 

0-65 ohm. per c.c. 

284,000 ohms per 
c.c. 


40 ohms per c.c. 
0 - 6 % 


(Carborundum Co. Catalogues ; see also 
Hartmann and Westmont, Trans. Amcr. Electro- 
chom. Soc. 1924, 46, 287 ; ibid. 1926, 50, 155 ; 
Hartmann and King, J. Amor. Ceram. Soc. 
1926, 9, 758). 

Owing to their properties, especially mechani- 
cal strength, high thermal conductivity, and 
resistance to all forms of chemical attack, 
carborundum refractories have been used for a 
great varioty of boiler and other furnaces, for 
recuperator tubes, and for zinc and other retorts. 

It may bo mentioned that thero are several 
similar materials, known by such names as 
Silundum, SUfrax, Siloxicon (Si 2 C 2 0) (E. G. 
Achcson, J.S.C.I. 1910, 29, 244), etc., formed by 
heating carbon and silica in an electric furnace, 
tho composition of the products depending 
mainly on the ratio of tho amounts of the raw 
materials treated and the extent to which the 
reduction of tho silica is carried. Cryslolon is 
tho trade name of silicon carbide manufactured 
by the Norton Company of Worcester, Mass. 

W. C. H. 

CARBOSERIN. Active charcoal prepared 
for internal use. 


CARBOXIDE. A mixture of carbon di- 
oxide and ethylene oxide used as a fumigant. 

CARBOXYLIC ACIDS are characterised 
by the presence of the carboxyl group, 

^OH 

in this the carbonyl and hydroxyl groups are 
considerably modified in character, the acidic 
nature of tho — OH group being markedly 

enhanced and tho ketonic nature of tho ^CO 

group almost completely masked owing to 
polarisation in the sense 

'3-h 

In fact, on modern views, the carboxyl ion is 
not to be regarded as 

R-C^° 

\ 0 e 

but rather as a resonance hybrid of the two 
forms 


R— C 


\ 0 © 


and R— C 


/ 

V 


O® 


in which the charge is not localised on any one 
of tho two oxygen atoms but must be regarded 
as being, statistically, equally divided between 
tho two. The spatial arrangement of the atoms 
in tho carboxyl group has been accurately 
worked out from X-ray data by Robertson and 
Woodward (J.C.S. 1936, 1817). 

Systematically, carboxylic acids are named 
by using the suffixes “ -oic acid ” or “ -car- 
boxylic acid ” or, occasionally, the prefix 
: carboxy- ” ; thus 7i-butyric acid, 

CH 3 -CH 2 -0H 2 -CO 2 H, 

may be termed “butan-l-oic acid,” “propane-1- 
carboxylic acid,” or “ 1-carboxy-propane.” 
The position of substituents is indicated either 
by Arabic numerals or Greek letters ; in the 
former case, numbering is started with the 
carboxyl atom, but in the latter tho carbon 
atom adjacent to the carboxyl group is the 
a-carbon atom : 


CH, 


3 

CH 

P 


2 ch 2 -co 2 h 


This difference sometimes leads to confusion, 
the a-carbon atom being wrongly numbered 1. 

Methods of Synthesis of Carboxylic 
Acids. — Synthetic methods fall into three 
groups, viz. the conversion of other groupings 
into the carboxyl group, the direct introduction 
of the carboxyl group, and methods involving 
condensation reactions ; it will also bo con- 
venient to describe methods of introducing the 
eyano-group, since cyano-compounds are easily 
converted into carboxylic acids and form a very 
important source of tho latter. 
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A. The Conversion of Other Groupings into the 
Carboxyl Group. — Carboxylic acids may be 
obtained by the oxidation of primary alcohols 
or of the corresponding aldehydes : 

RCHj*OH -*■ RCHO-v RCO*H 

The most frequently used reagent for the 
oxidation of primary alcohols is alkaline potas- 
sium permanganate. Thus, in the preparation 
of isobutyric acid, a solution of 280 g. of potas- 
sium permanganate in 6J litres of water is 
added over 3-4 hours, with mechanical stirmg 
and ice cooling, to a mixture of 100 g. of iao- 
butyl alcohol and 300 c c. of w ater containing 
30 g. of sodium carbonate. The product is 
allowed to attain room temperature over 12 
hours, filtered, and the filtrate evaporated to 
small bulk. isoButync acid is isolated in 
84% yield by extraction of the acidified solution 
with ether, followed by distillation (Fournier, 
Bull Soc. chira. 1909, [iv], 5, 920). A mixture 
of chromic and sulphuric acids may be used 
(Pierre and Puchot, Ann. Chim. 1873, [iv], 28, 
75, 366), but this reagent has the disadvantage 
of giving nse to appreciable amounts of esters, 
acetals, etc. ; it may, m fact, be used for the 
preparation of carboxylic esters (cf. Robertson, 
Organic Syntheses, 1925, 5, 23). In some cases 
dilute mtnc acid is a convenient oxidising agent 
(Manmch and Brose, Ber. 1923, 56, 835 ; Powell, 
Organic Syntheses, 1928, 8, 58). 

In addition to the above reagents (e g potas 
sium permanganate ; Ruhoff, Organic Syntheses, 
1936, 16, 39), aldehydes may be oxidised with 
alcoholic silver nitrate (Deldpine and Bonnet, 
Compt. rend 1909, 149, 39), peracids (D'Ans 
and Kneip, Ber. 1915, 48, 1143), mercuric oxide 
(Blancbetierc, Bull. Soc. chim 1923, [iv], 33, 
345), and bromine water (Fischer and Hindi 
berger, Ber. 1889, 22, 3218), the last named 
being particularly useful in the sugar senes 
(r/. Ling and Nanji, J.S C.I. 1922, 41, 28). 
With salts of mtrohydroxylaraine, aldehydes 
yield hydroxamic acids which arc readily 
hydro!} sed by dilute acids • 

RCH0+N0 2 NH OH -► RCO NH OH 

^RCOOH+ NHj-OH 

This affords a very smooth method of oxidation 
(Angeli and Angelico, Gazzetta, 1903, 33, II, 
239). 

The oxidation of methyl ketones to carboxylic 
acids may readily be carried out with sodium 
hypohahtes : 

RCO CHj4-3NaOX 

= RC0 1 Na+CHX,+2NaOH 

This reaction, which is of very great importance ! 
in the field of terpene chemistry, is usually 
earned out by slow addition of the ketone to 
ice-cold sodium hypobromite, with violent 
agitation ; when the reaction is complete, the 
bromoform which separates is run off, excess 
hypobromite destroyed with sodium sulphite, 
and the acid obtained by acidification and . 
extraction [cf. Baeyer, Ber. 1896, 29, 25 ; 
Wagner, ibid. 882 ; Sandbom and Bousquet, ' 
Organic Syntheses, 1928, 8, 108). The reaction | 


has increased value in that it is applicable to 
unsaturated ketones (Emhom, Annalen, 18S8, 
243, 363). The oxidation of cyclic ketones or 
alcohols is of importance for the preparation 
of dibasic acids : 


(CH t )„ CH(OH) -* (CHj)„ CO 
^COjH 

-> (CHs)n 

^CHyCOjH 

It is usually carried out by dropping the ketone 
into nitric acid of suitable strength, which w 
heated initially to about 90° and then kept hot 
by the heat of the reaction ; the product is 
isolated by e\aporation of the Solution, but is 
liable to he contaminated by lower homologuea 
owing to further oxidation (Bouveault and 
Locquin, Bull Soc. chim. 1908, [n], 3, 437 ; 
Hentzschel and Wishcenus, Annalen, 1893, 275, 
312 ; Thorpe and Kon, Organic Syntheses, 
1925, 5, 9) ; aqueous potassium permanganate 
may also be used for this oxidation (J. von Braun 
and Lemke, Ber. 1922, 55, [BJ, 3529) 

In the aromatic senes, alky I side-chains, 
especially if substituted, are readily oxidised to 
the carboxyl group, e g : 

PhCH 2 X -*■ PhCO,H 

Such oxidations are of particular importance for 
purposes of orientation and are usually brought 
about by refluxing with 2-5% potassium per 
manganate solution in the presence of sodium 
carbonate ; the precipitated 1 manganese mud " 
is filtered off and the acid liberated from 
the filtrate by acidification (Baeyer, Annalen, 
1888, 245, 139 ; Clarke and Taylor, Organic 
Syntheses, 1930, 10, 20) Chromic acid 1ms 
also been extensively used (cf. Clarke and 
Hartman, Organic Syntheses, 1922, 2, 93), 
while dilute nitric acid may be crapIo>cd 
(Dittmar and KekuI6, Annalen, 1872, 162, 339), 
although this method suffers from the dis- 
advantage that the product may bo con- 
taminated with nitration products. For a 
comparative study of such processes, tee Law 
and Perkin, J.C S. 1907, 91, 261. 

A method which is of use in certain special 
cases consists in the oxidation of unsaturated 
compounds : 

RCH :CHR' -*■ RC0 2 H+R'C0jH 
For preparative purposes alkalmo potassium 
permanganate is the reagent generally em- 
ployed (Saytzew, J. pr. Chem. 1886, [n)» 34, 
304 ; Edmed, J.C S. 1898, 73, 627 ; Hill and 
McEwen, Organic Syntheses, 1933, 13, 4). 

A very important process for the preparation 
of carboxylic acids is the hydrolysis of nitriles, 
RCN RCO NHj-» RCO OH, 
since these may be prepared by a wide variety 
of methods (see below). The hydrolysis may be 
carried out by refluxing with aqueous or 
alcoholic alkali until ammonia is no longer 


/CH.. 
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evolved ; the acid is then isolated from the 
acidified hydrolysis solution (Frankland and 
Kolbe, Annalen, 1848, 65, 298 ; Adams and 
Marvel, J. Amer. Chem. Soc. 1920, 42, 312 ; 
Read, Organic Syntheses, 1927, 7, 54). It is 
frequently better to carry out the hydrolysis by 
refluxing with dilute acids (Stiidel, Ber. 1886, 
19, 1951 ; Robertson, Organic Syntheses, 1922, 
2, 59 ; Marvel and Tuley, ibid. 1925, 5, 69 ; 
Clarke and Taylor, ibid. 1931, 11, 96) and some- 
times treatment with cold concentrated sulphuric 
acid followed by the addition of the equivalent 
of water may be used with advantage (Bruylants, 
Bull. Soc. chim. Belg. 1922, 31, 229; 1924, 33, 
334; Linstead, Noble, and Boorman, J.C.S. 
1933, 557). In difficult cases it is frequently 
convenient to hydrolyse with moderately con- 
centrated sulphuric acid to the amide, which 
may then be converted into the acid by treat- 
ment with nitrous acid (Bouveault, Bull. Soe. 
chim. 1892, [iii], 9, 368). The nitrile is heated 
to 120°-130° with 25-30 parts by weight of 
sulphuric acid for about an hour, the mixture 
is cooled, and the theoretical amount of con- 
centrated aqueous sodium nitrite introduced ; 
the mixture is stirred at 25° for some time and 
finally heated till the evolution of gas is com- 
plete, when it is poured into water, and the 
acid isolated by filtration or extraction (Sud- 
borough, J.C.S. 1895, 67, 602). 

Two methods of obtaining carboxylic acids 
from ketones may be mentioned here. The 
well-known benzilic acid change : 

PhCOCOPh-.- Ph 2 C(0H)C0 2 H 

is brought about by alcoholic potash (Liebig, 
Annalen, 1838, 25, 25 ; Adams and Marvel, 
Organic Syntheses, 1921, 1, 33). Trialkylacetic 
acids are formed (as amides) by tho fission of 
trialkylacetophenones by means of sodamide ; 

PhCO-CRj-f NaNH 2 +H 2 0 

NHjj CO CRj+CeHd+NaOH 

(Haller and Bauer, Ann. Chim. 1913, [viii], 
28, 373). 

B. The Direct Introduction of the Carboxyl 
Group . — Tho action of carbon monoxide on 
alkali hydroxides and alkoxides gives rise to 
carboxylic acids : 

RONa+CO -> RCO-ONa 

This reaction is comparatively unimportant, 
the yields with the higher alkoxides being very 
poor (Poetsch, Annnlen, 1883, 218, 56) ; the 
method, however, finds technical application 
in tho manufacture of formic acid (Geuther, 
Annalen, 1880, 202, 317 ; G.P. 86419, 169730). 
Recently, Hardy (J.C.S. 1934, 1335 ; 1936, 
358, 302) has studied the high pressure inter- 
action of carbon monoxide and alcohols, yielding 
carboxylic acids. 

A moro important general method is the 
reaction of alkyl magnesium halides with carbon 
dioxide : 

RMgX-f C0 2 RCO-OMgX 

RCO OMg X+H 2 0-> RC0 2 H+Mg(0H)X 

This reaction (Grignard, Ann. Chim. 1901, [vii], 
24, 435) is carried out by passing a stream of 
carbon dioxide into the Grignard reagent 


prepared in the usual manner ; the complex is 
then broken up by treatment with dilute acid 
and the resulting carboxylic acid isolated by 
suitable methods. The reaction has found very 
wide application (cf. Meyer and’ Togel, Annalen, 
1906, 347, 61 ; Gilman and Parker, Organic 
Syntheses, 1925, 5, 73 ; Puntambeker and 
Zoellner, ibid. 1928, 8, 104 ; Gilman, St. John 
and Schulze, ibid. 1931, 11, 80). A similar 
reaction may be carried out with zinc alkyls 
(Schmitt, J. pr. Chem. 1890, [ii], 42, 568). 

Sodium alkyls also yield carboxylic acids with 
carbon dioxide : * 

RNa-f-CO a -s- RC0 2 Na 

(Wanklyn, Annalen, 1858, 107, 125 ; Ziegler 
and Schnell, ibid. 1924, 437, 251). This reaction 
is particularly useful for the synthesis of 
acetjdenic acids, since substituted acetylenes 
readily form sodio-derivatives, either without 
solvent or in ethereal solution ; these sodio- 
derivatives give good yields of carboxylic acids 
on treatment with carbon dioxide (Faworsky, 
J. pr. Chem. 1888, [ii], 37, 420 ; G.P. 132802). 

The sodio-derivatives of alkylacetylenes also 
condense readily with ethyl chloroformate : 

RC!CNa+CIC0 2 Et 

RC!C-C0 2 Et+NaCI 

(Moureu and Delange, Compt. rend. 1903, 136, 
552 ; G.P. 133631, 158252). Alkylmagnesium 
halides behave similarly (Houben, Ber. 1903, 
36, 3087) but their reaction with ethyl car- 
bonate : 


RMgX+CO(OEt) 2 -* XMgO-CR (O Et) a 



RCO-O Et+ EtO H+MgX (O H) 


which generally gives very good yields, is to be 
preferred (Tschitschibabin, Ber. 1905, 38, 561). 

The Wurtz reaction between alkyl halides 
and chloroformic ester : 


RCI+CIC0 2 Et+2Na = RC0 2 Et+2NaCI 

(Wurtz, Annalen Suppl. 1860, 7, 125 ; Fischer 
and Windaus, Ber. 1900, 33, 1973) generally 
gives only poor yields ; in the thiophen series, 
however, remarkably good yields have been 
recorded, e.g. the condensation of ,8-ioilothio- 
phen and ethyl chloroformate, using sodium 
amalgam, to give thiophen-/J-carboxylic acid 
(Nahnsen, Ber. 1884, 17, 2192). 

A good method is the Friedel-Crafts reaction 
between aromatic hydrocarbons and urea 
chloride in the presence of aluminium chloride, 
yielding amides, which may readily be hydro- 
lysed to the corresponding acids : 

CeHj-f CICO'NH, -v C 6 H s CONH 2 +HCI 

(Gattermann, Annalen, 1888, 244, 49). If the 
reaction is only to be carried out on a small 
scale, tho urea chloride is prepared ns required 
by heating cyanuric acid in a stream of dry 
hydrogen chloride and passing the gas into a 
carbon disulphide solution of the hydrocarbon 
containing aluminium chloride (Gattermann, 
Ber. 1899, 32, 1117). By a similar process 
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phenyl isocyanate in the presence of hydrogen 
i blonde yields anilides : 

PhNCO+HCI -*• PhNH COCI 
C.H.+ PhNHCOCI 

-*■ C 4 H s -CO NHPh+HCI 

(Leuchart, Ber. 1835, 18, 873 ; J. pr. Chem. 
1890, [u], 41, 301). Phosgene also condenses 
with aromatic hydrocarbons in the presence of 
aluminium chlonde : 

CjH 4 + COCIj -*■ C t H s -COCI+HCI 
(Jacobsen, Ber. 1889, 22, 1220) ; the yields are, 
however, usually poor owing to further con- 
densation with the production of ketones. It 
is of interest to note that tertiary bases condense 
with phosgene even in the absence of aluminium 
chloride to give the chlorides of the corre- 
sponding carboxylic acids (G.P. 44238). Re- 
placement of phosgene by the less dangerous 
oxalyl chloride gives better yields ; e g. tetrahn 
with oxalyl chloride and aluminium chloride 
gives a 70% yield of or tetrahydro p naphthoyl 
chloride : 



(J. von Braun, Kirschbaum and Schuhmann, 
Ber. 1920, 53, 1161). 

Kolbe (J. pr. Chem 1874. [nj, 10, 94) dis 
covered that sodium phenate, on heating in a 
stream of carbon dioxide, yields sodium salicy- 
late ; 


+ CO, 


rr 


The reaction may also be brought about by 
heating sodium phenyl carbonate in an auto- 
clave at 130° (Schmitt, J. pr. Chem. 1885, [u], 
31, 397) ; at higher temperatures some p- 
hydroxybenzoic acid is formed. Other phenols 
behave similarly and w ith p naphthol suitable 
adjustment of the experimental conditions leads 
to the formation of the 1-, 3-, or 6 carboxylic 
acid (Morgan, J.S.C.I. 1931, 50, 104). Poly- 
hydnc phenols react more readily, the reaction 
being brought about by heating to 130® with 
alkali bicarbonate solutions (lV’ill and Albrecht, 
Ber. 1884, 17, 2103 ; Kostanecki, Ber. 1835, 
18, 3202 ; Thiele and Jaeger, Ber. 1901, 34, 
2810). A further modification (Brunner, An- 
nalen, 1907, 351, 319) consists in heating a 
glycerol solution of the poly hydne phenol with 
Bodium bicarbonate in a stream of carbon 
dioxide. 


The carboxyl group may also be introduced 
into phenols by a modified Reimer-Tiemann 
reaction, using carbon tetrachloride in place of 
chloroform : 

OH 


O' 


CCl 4 +6KOH 


+ 4KCI-f-H t 0 


COjK 

(Reimer and Tiemann, Ber. 1870, 9, 1285 ; 
Hasse, Ber. 1877, 10, 2185). This reaction 
generally yields the p carboxylic acid, whereas 
Kolbe ’s synthesis usually affords the o isomeride; 
copper or copper compounds have been recom- 
mended as catalysts (G.P. 258887). 

C Condensation Reactions . — An important 
synthetic method for unsaturated acids is the 
Perkin reaction (Perkin, J C.S. 1877, 31, 389), 
which is brought about by heating an aromatic 
aldehj de with the salt of an acid in the presence 
of an acid anhydride : 

RCHO+R'CH.CO.H 

-v RCH.CR'COjH+HjO 

Thus cinnamic acid is prepared by heating a 
mixture of 20 g. of benzaldehyde, 10 g. of fused 
sodium acetate, and 30 g. of acetic anhydride 
under an air-reflux for 8 hours at 180° ; the 
mass is poured into sodium carbonate, un- 
changed benzaldehyde removed in steam, and 
cinnamic acid precipitated by acidification of 
the residual solution (Bertagmni, Annalen, 1856, 
100, 126 ; Perkin, l.c. ; Fittig, Ber. 1881, 14, 
1826). 

The reaction may be extended to acids of the 
succinic series but is then complicated by the 
formation of more than one product ; thus 
benzaldehyde, sodium succinate, and acetic 
I iiiiy ifniAy jwfiU s m-r fa-w pivM'/’.l'Jinr.'SilsBW* 
and phenylparaconic acids ; 


PhCHO+CHj-COjH 


CHjCOjH 



PhCH CH-CHj COjH 


+ H,0 


PhCH CH CO,H 

cVcH, 

Vo 

(Fittig and Jayne, Annalen# 1882, 216, 99)- # 
Aliphatic aldehydes give very poor yields in 
the Perkin reaction but may be used successfully 



CABBOXYLIC ACIDS. 365 

for the preparation of alkylparaconic acids by | be converted into the derived itaconic, citra- 
Fittig’s modification ; the product may then I conic, mesaconic, and aticonic acids : 


Me,C — CH'CO.H 



Me a C:C-CO,H 

! 

MeCH-C0 2 H 

Itaconic. 


MejCH'C-COjH 


Me \ 


CH/ 


C-CH-CO.H 


MeCHCOjH 

Aticonic. 


Me 2 CH-C-C0 2 H 


MeC-C0 2 H 

Citraconic. 


H0 2 C-CMe 


Mesaconic. 


(Fittig, el al. Annalen, 1889, 255, 1, 275; 1899, 
304, 117 ; 1899, 305, 1). The paraconic acids 
also lose carbon dioxide on heating, with the 
formation of tho corresponding monocarboxylic 
acid, ‘/iy-misaturated acids, 

XYC:CHCHZC0 2 H 

(Jayne, Annalen, 1882, 216, 113). 

The Perkin reaction has also been extended to 
malonic acid. Thus, benzaldehyde, sodium 
malonate, and acetic anhydride react in the 
cold (Fittig, Ber. 1883, 16, 1436) to give benzyli- 
denemalonic acid, which is, however, better 
prepared by refluxing on the water-bath a 
mixture of benzaldehyde and malonic acid in 
acetic acid solution (Claisen and Crismer, 
Annalen, 1883, 218, 315). The alkylidene- 
malonic acids so formed readily lose carbon 
dioxide on heating, yielding ajS-unsaturated 
acids. These reactions may be carried out in 
ono stage using a wide variety of catalysts. 
Thus, acetaldehyde and malonic acid in acetic 
acid yield crotonic acid (Komnenos, Annalen, 
1883, 218, 149) ; if acetic anhydride is em- 
ployed ketones may be brought into reaction, 
e.ff. acetone and malonic acid yield ^-dimethyl- 
acrylic acid (Massot, Ber. 1894,27, 1225, 1574). 
Bases may also be used as catalysts ; alcoholic 
ammonia brings about the condensation of ben- 
zaldchydo and malonic acid to cinnamic acid 
in good yield (Knoovenagel, Ber. 1898, 31, 
2004), but organic bases, such as primary and 
secondary amines (Knoevenagel, G.P. 97735, 
160500, 161171), and pyridine (Vcrley, Bull. 
Soc. chim. 1899, 21, 143 ; Doebner, Ber. 1900, 
33, 2140 ; Letch and Linstead, J.C.S. 1932, 
455), are to be preferred. An extensive study 
of tho base-catalysed reaction between aliphatic 
aldehydes and malonic acid has led to certain 
general conclusions ; in the presenco of large 
amounts of pyridine, a/3-unsaturated acids are 
formed exclusively, whereas small “ catalytic ” 
amounts of base, triethanolamine being by far 
tho most convenient, give rise to the pure 
/ly-isomers : 

co H RCH 3 -CH:CH-CO,H a/3 

RCHj-CHO+CH^ ^ 

\ \ 

CO i H RCHlCHCHjCOjH fiy 

(Boxer and Linstead, J.C.S. 1931, 740 ; Lin- 
stcad, Noble, and Boorman, ibid. 1933, 557 ; 
<■/. van Auwers, Annalen, 1923, 432, 58). 

If cyanoacetic acid is used in place of malonic 
acid, Q-cyano-aB-unsaturated acids are formed 


(Fiquet, Ann. Chim. 1893, [vi], 29, 433 ; 
Knoovenagel, G.P. 164296), and these may be 
decarboxylated by heating, giving rise to the 
unsaturated nitriles : 

RCH0+CH 2 (CN)C0 2 H^ 

RCH:C(CN)C0 2 H 

RCH:CHCN-(-C0 2 

or, by suitably adjusting the experimental con- 
ditions, both reactions may be carried out in 
one operation (Letch and Linstead, J.C.S. 1932, 
450). 

Aromatic aldehydes also yield carboxylic 
acids (as their esters) by condensation with 
esters ; this method, which was discovered by 
Claisen (Ber. 1890, 23, 976), is frequently 
superior to that of Perkin. Thus, benzaldehyde 
and ethyl acetate condense, without solvent, 
under the influence of sodium (wire or powder) 
to yield ethyl cinnamatc : 

PhCH0+CH 3 -C0 2 Et PhCH:CH C0 2 Et 

(Claisen, l.c. ; Posner, J. pr. Chem. 1910, [ii], 
82, 435 ; Marvel and King, Organic Syntheses, 
1929, 9, 38). Both aldehydes and ketones react 
similarly with ethyl succinate in the presence 
of dry, alcohol-free, sodium ethoxide (Stobbe, 
Annalen, 1894, 282, 283 ; 1899, 308, 90 ; 1911, 
380, 1). Malonic ester reacts more readily than 
monobasic esters and also reacts with aliphatic 
aldehydes and ketones, thus enabling purely 
aliphatic unsaturated esters to be prepared 
by this method ; as condensing agents, acetic 
anhydride (Claisen and Crismer, Annalen, 
1883, 218, 121 ; Mcyenburg, Ber. 1895, 28, 
786) and ammonia, piperidine or diethylamino 
(Knoevenagel, Ber. 1898, 31, 2593 ; Otter- 
bacher, Organic Syntheses, 1930, 10, 58), have 
been employed. With aliphatic aldehydes it is 
often a matter of great difficulty to prevent tho 
reaction of 2 mols. of malonic ester with 1 of 
the aldehyde : 

RCHO+CH 2 (CO„Et), 

I 

R-CH:C(C0 2 Et) 2 +H 2 0 

I CHjfCOjEOj 
r 

RCH-CH(C0 2 Et) 2 

CH(C0 2 Et) 2 
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Thi9 reaction may be used for the preparation 
of glutaric acid and its /J substituted dem atives 
(ef. Conrad and Guthzeit, Annalen, 1884, 222, 
253 ; Knoevenagel, Ber. 1914, 27, 2346) ; thus 
an iced mixture of 32 g. of ethyl malonate and 
8 g. of 40% aqueous formaldehyde is treated 
■with 0 5 g of piperidine or diethylamine and 
then allowed to stand at room temperature in a 
closed vessel for 12 hours, after which it ia 
heated on the water-bath for several hours. 
The oil ia separated from the water and distilled 
(bp. 200®-205°/20 mm.). The 26 g. of oy- 
dicarbethoxyglutaric ester so obtained ore 
hydrolysed and decar boxy la ted by refluxing for | 
6 hours with equal parts of concentrated hydro- 
chloric acid and water ; evaporation of the 
hydrolysis product yields glutaric acid. 

Cyanoacetic ester may be condensed similarly 
with aldehydes (Carnet, J. pr. Chem. 1892, 
[ii], 45, 600), ketones (Komppa, Ber. 1900, 33, 
3532) and p keto-esters (Linstead and Meade, 
J.C.S. 1934, 935 ; Barrett and Linstead, J.C.S. 
1935, 440), the latter reaction being par 
ticularly useful for the preparation of cyclic 
dibasic acids. Ketones may similarly bo con- 
densed with acetoacetic ester (Mcrling and 
Welde, Annalen, 1909, 366, 131 j Jupp, Kon, 
and Lockton, J.C.S, 1928, 1638) and ethyl 
oxalate (cf. Marvel and Dreger, Organic 
Syntheses, 1926, 6, 40). 

Carbonyl compounds also react with a-bromo- 
esters under the influence of zinc : 
RR / CO+R"CHBr CO t Et 

RR'CH(OH) CHR" CO,Et 
(Reformatsky, Ber. 1887, 20, 1210 ; J. pr. 
Chem. 1896, [n], 54, 469). This reaction was 
originally carried out without solvent ; Linden- 
baum (Ber. 1917, 50, 1270) introduced the use 
of benzene as solvent, a procedure which is 
now generally followed although toluene and 
xylene may be used if higher temperatures are 
desired. Zelinsky and Gutt (Her. 1902, 35, 
2140) used magnesium in ethereal solution, and 
Nieuwland and Daly (J. Amer. Chem. Soc. 1931, 
53, 1842) recommended the use of copper 
powder as a catalyst enabling a-chloro esters to 
be used, but Kon and Nargund (J.C.S. 1932, 
2461) in a general study found this to be un- 
necessary. The method has also been used 
successfully with /3 keto-esters (Linstead and 
Meade, J.C.S. 1934, 935 ; Chuang, Tien, and 
Huang. Ber. 1935, 68, [B], 864). 

Dialkylglycollic esters are produced by the 
reaction of ethyl oxalate with alkyl magnesium 
halides : 


CO.Et R.COH 

I + 2RMgX- J 
CO,Et CO x l 


Et 


(Grignard, Bull. Soc. chim. 1903, [iuj, 29, 948). 
Keto-esters may be obtained by the reaction 
of acyl halides with bromo-estera m the presence 
of magnesium s 


RCOBr+BrCH,-CO,Et 


RCOCH,CO,Et 


(Meyer and Togel, Annalen, 1906, 347, 71 ; 
Zeltner, Ber. 1908, 41, 589). • 

Geuther (Jahresberichte, 1633, 323) found that 


2 mols. of ethyl acetate condensed together 
under the influence of metallic sodium : 

CHyCO.Et+CHjCO.Et 

-+• CHj-CO CHj-COjEt-j-EtOH 

the /5-ketonic ester, ethyl acetoacetate, being 
formed (cf. Wislicenus, Annalen, 1877, 186, 
210 ; Snell and McElvain, J. Amer. Chem, Soc. 
1931, 53, 750 ; Inglis and Roberts, Organic 
Syntheses, 1926, 6, 36). Higher homolognes of 
ethyl acetate may be used (Hantzsch and 
WoUbruck, Ber. 1887, 20, 1320 ; McElvain, 
J. Amer. Chem. Soc. 1929, 51, 3124) although the 
yields are usually poorer ; according to Bnese 
and McElvain (J. Amer. Chem. Soc. 1933, 55, 
1697) better yields result if the reaction la 
earned out with sodium ethoxide under re- 
duced pressure. Unlike esters may be em- 
ployed, e.g. ethyl benzoate and ethyl acetate 
give ethyl benzoylacetate (Wahl and Doll, 
Bull. Soc. chim. 1913, [hr], 13, 265), ethyl 
formate and other esters yield formyl esters : 


H-COjEt+R CHjCOjEt-r RHC^ 


■CHO 


Ns 'CO,Et 

(Wialicenus, Annalen, 1908, 363, 347 ; Wheeler 
and McFarland, Amer. Chem. J. 1910, 43, 22) 
Similar reactions may be brought about with 
dibasic esters. Ethyl succinate condenses with 
itself m the presence of sodium, yielding a 
cyclohexane derivative : 

CO,Et 

dHj CHj-COjEt 

CO.EtilH, CH, 

tfcT.Et 

x® Ox 

CH. CHCO.Et 

-* I I + 2E10H 

CO.EtCH CH, 

''CO/ 

(Herrmann, Annalen, 1882, 211, 300). Esters of 
the adipic, p unehc, and suberic series undergo 
ring-closure m the presence of sodium, yielding 
cyclic 0 keto-esters : 

/CH 1X /CH^ 

CH. CO.Et CH. CO 

I -* I I 

CH, CH, CO,Et CH, CHCO,Et 

The reaction is usually carried out by adding 
1 g. mol. of the ester to 1 g. atom of sodium 
powder under benzene ; the reaction is com- 
pleted by heating on the water-bath until all 
the sodium is used up, a hard cake of eodio- 
derivative usually filling the flask. This is 
decomposed with dilute acid and the ester 
present in the benzene layer is worked up in 
the usual way (Dieckmann, Annalen, 1901, 317, 
27 ; Linstead and -Meade, J.C.S. 1934, 910) 
The reaction gives negligible yields with esters 
of the glutaric, sebacic, and azelaic senes. 

The condensation of ethyl oxalate with eaten. 
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is of great importance since the a-keto-esters 
first formed 


COoEt 

CO,Et 


+ RCH 2 -C0 2 Et 


RCHCOjEt 
CO-CO, Et 


Acta, 1931, 14, 1163). If is of interest to note 
that the methylene group of fluorene is suffi- 
ciently reactive to undergo a similar conden- 
sation : 


lose carbon monoxide on heating with the pro- 
duction of malonic esters : 


RCH-C0 2 Et 

C0-C0 2 Et 


^COjEt 

RHC +CO 

N 'CO„Et 


(Wislicenus, Annalen, 1888, 246, 316 ; Ber. 
1894, 27, 1093) ; the reaction affords a con- 
venient method of preparing phenylmalonic 
esters which are not accessible by direct alkyla- 
tion of malonic ester (Levene and Meyer, Organic 
Syntheses, 1936, 16, 33). With dibasic esters 
under drastic conditions cyclic products are 
formed (Dieckmann, Ber. 1897, 30, 1470), the 
following well-known example being the basis 
of Komppa’s synthesis of camphor : 


Me 2 C 


/CHj-COoEt COaEt 
^^CH, -CO,Et c °2 Et 


- Me 2 C 


CO s Et 
/ CH \CO 


CO 


C0 2 Et 

(Komppa, Annalen, 1909, 368, 126). 

The condensation of ethyl oxalate with cyclic 
ketones is of importance, since it affords a ready 
method of obtaining the reactive cyclohex- 
anonc-)3-carboxylic esters : 


CH» 


H 2 C 


H,i do 
' N ‘ch, 


a C0 2 Et 

+ I 

COjEt 


NsOEt 


h 2 c 


ch 2 


H 2 d d 


CHCO-COjEt 


HjC 


CH„ 

/ \ 

CH-C0 2 Et 


H,C CO 
CH a 

The condensation is carried out using ice-cold 
sodium cthoxide, and tho crude cyclohexanone 
/3-oxalic ester on vacuum distillation yields the 
0-keto-ester directly (Kotz'and Michels, Annalen 
1900, 350, 210 ; Kotz, ibid. 1908, 358, 198 
Ruzicka, Koolhaas and Wind, Helv. Chim 



+ 


CO,Et 
CO, Et 


CO-CO a Et 


(Thiele, Ber. 1900, 33, 666, 851 ; Wislicenus, 
Annalen, 1924, 436, 1). 

Ethyl carbonate may be condensed with 
nitriles under the influence of sodamide, the 
reaction affording a method of preparing other- 
wise inaccessible arylcyanoacetic esters : 

PhCH,-CN + CO{OEt) 2 

PhCH(CN)C0 2 Et+ EtOH 

(cf. Nelson and Cretcher, J. Amer. Chem. Soc. 
1928, 50, 2758). 

a/i-Unsaturated esters and ketones under the 
influence of sodium etlioxide or bases combine 
additively with malonic, acetoacetic and 
cyanoacetic esters : 

RCH:CH-C0R'+XCH 2 -C0 2 Et 

RCHCH 2 -COR 

XCH-CO z Et 

(Michael, J. pr. Chem. 1887, [ii], 35, 349 ; 
Auwers, Ber. 1891, 24, 307 ; Michael, J. pr. 
Chem. 1894, [ii], 49, 20 ; Vorlander, Ber. 1894, 
27, 2053) ; the Michael reaction is very im- 
portant for the synthesis of substituted glutaric 
and tricarballylic acids (cf. Clarke and Murray, 
Organic Syntheses, 1925, 4, 29). 

The special importance of the reactions 
described above, leading to the production of 
/3-keto-esters, lies in the fact that their sodio- 
derivatives are readily alkylated : 

RCOCHj,-CO„Et+R , X 

RCO-CHR' -C0 2 Et 

The products may then be easily hydrolysed 
yielding, according to the reagent employed, 
ketones or acids : 

RCO-CHjR' 

RCO-CHR'-C0 2 Et<* 

x R'CH 2 -C0 2 H 

For the monoalkylation of acetoacetic ester, 
1 g. mol. of the ester is added to a solution of 
sodium ethoxide prepared from 1 g. atom of 
Bodium and 10 parts by weight of absolute 
alcohol ; the alkyl halide is added cautiously 
and the reaction, which proceeds with precipita- 
tion of sodium halide, completed by heating on 
the water-bath until the solution is no longer 
alkaline (Wislicenus, Annalen, 1877, 186, 216 ; 
Briihl, J. pr. Chem. 1894, [ii], 50, 133 ; Marvel 
and Hager, Organic Syntheses, 1927, 7, 36). 
Aryl halides cannot be used in this reaction, but 
halogenated esters react readily (Emery, Ber. 
1891, 24, 283 ; Bone and Sprankling, J.C.S. 
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1899, 75, 839 ; Adkins, Isbell, and Wojeik, 
Organic Syntheses, 1934, 14, 38). llethyktion 
can also be carried out with dimethyl sulphate 
(Grandmougin, Ilav as, and Guyot, Chem -Ztg. 
1913, 37, 812). The mono alkyl derivatives so 
formed may be further alkylated by similar 
methods {Conrad and Limpach, Annalen, 1878, 
192, 153). Pulverised (“ molecular ”) sodium m 
inert solvents may sometimes advantageously 
replace sodium ethoxide in these condensations. 
As usually prepared the lower mono-alky laceto- 
acetic esters are contaminated with unalkylated 
and di alkylated material ; they may be 
purified by a process of partial hydrolysis 
(Michael and YVolgast, Ber. 1909, 42, 3176). 

Acyl halides undergo si m ilar condensations 
With acetoacetic ester, but the products usually 
contain some O acyl derivative of the enolic 
form ; however, careful control of the con- 
ditions enables good yields of the desired diketo- 
ester to be obtained . 

CH, CO CH- CO.Et+RCOCI 
CH s CO. 

-*■ CH COjEt | 

rcq/ 

(Claiscn, Annalen, 1890, 291, 71) ; the resulting 
diieto esters cannot be further alkylated. | 
Calcium carbide has been recommended in 
place of sodium in such reactions (Packendorff, I 
Ber. 1931, 64, [B],948). Acetoacetic ester also 
condenses readily with aldehydes, yielding 
albylideneacetoaeetic esters (Knoevcnagel, Ber. 
1898, 31, 2773 , 1896, 29, 172). 

As mentioned above, the importance of the 
alkylated acetoacetic esters lies in their fission 
to other products. This takes place in two ways 
The so-called “ Letomc fission ” 

RCO CR'R"CO,Et+H.O 

- R CO CHR'R"-f CO,+ EtOH 
is effected by refluxing with dilute mineral acids 
(Conrad, Annalen, 1877, 188, 222; Fittig and 
Wolff, ibid. 1882, 216, 127; Emery, ibid. 1897, 
295, 94 ; Johnson and Hager, Organic Syntheses, 
1927, 7, 60) ; it is of importance for tl\e synthesis 
<3/ Of gr&sier farpwv&Kire the 

synthesis of earbovylm acids is the “ acid 
fission ” : 

RCO CR'R" COjEt+HjO 

-+ RC0,H+CHR'R"C0 1 H 
which is effected by refluxing with concentrated 
alkali (Kiliani, Ber. 1886, 19, 227; Fittig and 
Messerschmidt, Annalen, 1881, 208, 92). A 
variant is the “ ester fission ” : 

RCO CR'R"-CO,Et+EtOH 

-> RCOjEt+CHR'R" CO t Et 
in which alcohohe sodium ethoxide (Dieckmann, 
Ber. 1900, 33, 2670,2681 ; 1903,41, 1260. 1266) 
or 1:8 naphthy lenediammc hydrochloride 
(Sachs, Annalen, 1909, 365, 74) is the hydrolysing 
agent. 

In a precisely analogous manner malonic ester 
can be alkylated, sodium ethoxide and alkyl 
halides generally being employed for thi3 pur- 
pose (Conrad, Annalen, 1880, 204, 127, 134 ; 
Adams and Kamni, Organic Syntheses, 1925, 


4, 11); alkyl sulphates may also be used 
(Grandmougin, Havas, and Guyot, Chem. 2tc 
1913, 37, 812; Hurd, Jones, and BluncV, J, 
Amer. Chem. Soc. 1935, 57, 2034) and mag! 
nesium may' sometimes advantageously replace 
sodium (Lund, Ber. 1934, 67, [B], 935), par. 
ticularly with acyl halides. As in the casa 
of acetoacetic ester, aryl halides do not react, 
but halogenated esters react readily (Bischoff, 
Annalen, 1882, 214, 53) ; in certain cases) 
however, the reaction takes an unexpected 
course, thus : 

MejCBrCOjEt MeCH CO,Et 



MeCH(CO s Et) x MeC(CO,Et)j 

(Bone and Sprankling, J.C S. 1899, 75, 839 ; 
Rydon J.C.S. 1936, 1444). Cyanoaretic ester 
can replace malomc ester in all these reactions 
(Haller, Compt. rend 1887, 104, 1626 ; Bone 
and Sprankling, J C.S. 1900, 77, 654 ; Zelinsky, 
Ber. 1888, 21, 3165). As usually prepared the 
lower alky lmalomc esters are contaminated with 
dialkylated and unalkylated material , they 
may be purified by a process of partial hydrolysis 
(Michael, J. pr. Chem. 1905, |nj, 72, 547, 550) 
For synthetic purposes the alfcyliualomc 
esters are hydrolysed to the alkylmalonic acids 
with aqueous or alcohohe alkali (Conrad, 
Annalen, 1880, 204, 132 ; Conrad and Bischoff, 
ibid 1880, 204, 168 , Bischoff and Siebert, ibid 
1887, 239, 92). The alkylmalonic acids are 
deearboxylated to monobasic acids on heating 
above their melting-point until the evolution 
of gas ceases : 

RCH(COjH) t -* RCH t CO,H+CO, 

(le. : Krafft, Ber. 1884, 17, 1630). Hydrolysis 
and decarboxylation may be earned out in one 
operation by refluxing with dilute mineral 
acids (Komppa, Ber. 1900, 33, 3530 ; Knoeve 
nagel, Ber. 1894, 27, 2346 ; Vhct, Marvel, 
and Hsueh, Organic Syntheses, 1931, 11, 76) , 

■ this procedure is particularly useful in the 
'efst&mis poiyhxsre ds {s/. Cter . kffAuii 
Murray, Organic Syntheses, 1925, 4, 77) ; in 
difficult cases the use of a mixture of water, 
formic acid, a ml sulphuric acid is advantageous 
(<■/. Rydon, J.C.S. 1936, 595). In those syn 
theses in which acetoacetic ester or malonic ester 
may he employ ed to prepare the same material, 
the malonic ester method is to be preferred, a* 
the yields are usually better. 

A method for the synthesis of dicarhoxjhc 
acids 13 afforded by the elimination of 2 atoms 
of bromine from 2 mols. of a brotnomonocar- 
boxylic ester under the influence of finely divided 
silver: • 

2RCHBr-CO,Et+2Ag 

RCHCO.Et 

-+ | +2AgBr 

RCH CO,Et 

(Wishccnus, Annalen, 1669, 149, 220 ; Auwcrs, 
ibid. 1896, 292, 167 ; Hell and Rothberg, 
Ber. 1889, 22, 60) ; the yields are, however, 
usually poor and rearrangements often occur. 
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Copper powder has been employed for the same 
purpose (Ince, J.C.S. 1848, 1, 157). 

Cyclic keto-acids may be obtained by the 
Friedel-Crafts reaction between acyl halides 
and acids : 

PhC0CI+PhC0 2 H -> PhCO-C 0 H 4 -CO 2 H 

Better results are obtained using acid anhydrides 
in place of acyl halides : 

^N/ CO \ 

o + 




ID / L jl 

\co/ 







co 2 h 




(H. von Pechmann, Ber. 1880, 13, 1612 j Burcker, 
Ann. Chim. 1882, [v], 26, 435, 449) ; this 
reaction has been much used in recent years 
(Groggins and Nagel, Ind. Eng. Chem. 1934, 
26, 1313 ; Somerville and Allen, Organic 
Syntheses, 1933, 13, 12 ; Fieser and Hershberg, 
J. Amer. Chem. Soc. 1936, 58, 2315). 

An important method for the synthesis of 
/)/3-diaLkylglutaric acids is the condensation of 
ketones with cyanoacetic ester (Guareschi, Atti 
R. Accad. Sci. Torino, 1900-1901, 36, 443; 
Kon and Thorpe, J.C.S. 1919, 115, 693). The 
reaction is carried out by allowing a mixture of 
the ketone and ethyl cyanoacetate to stand at 
0° with saturated alcoholic ammonia for some 
days ; the precipitated ammonium salt is then 
filtered off and converted into the imide with 
hydrochloric acid ; this is then hydrolysed and 
decarboxylated by heating -with sulphuric acid 
(Vogel, J.C.S. 1934, 1760) : 

RR'C0+2CH 2 (CN)C0 2 Et 

I 

.CHfCNjCO, 

RR'C< >NH 

X CH(CN)CCK 


/ ch 2 -co 2 h 


RR'Ci 

x ch 2 -co 2 h 

A convenient method of preparing aa- 
dialkylsuccinic acids is the condensation of 
cyanohydrins with cyanoacetic ester, which is 
carried out with sodium ethoxide (Higson 
and Thorpe, J.C.S. 1906, 89, 1465). Acid 
hydrolysis of the product yields the desired 
succinic acid : 

RR'C(OH)CN+CH„(CN)CO„Et 

+ 

RR'C(CN)-CH(CN)CO„Et 

* 

RR'C-COjH 

(Wco.H 


D. Introduction of the Cyano-Group. — The 
cyano-group is of importance as a pre- 
cursor of the carboxyl group, into which it is 
readily converted by hydrolysis. It is, perhaps, 
most readily introduced by the interaction of 
halogen compounds with alkali cyanides : 

RX+NaCN-> NaX+RCN 

This reaction is generally carried out by re- 
fluxing in alcoholic solution, but a wide variety 
of procedure has been described (c/. Rosen- 
mund and Struck, Ber. 1919, 52, [B], 1749 ; 
Adams and Thai, Organic Syntheses, 1922, 2, 9 ; 
Kohler and Allen, ibid. 1923, 3, 53 ; Marvel .and 
McColm, ibid. 1925, 5, 103 ; Inglis, ibid. 1928, 
8, 74 ; Ruhoff, ibid. 1936, 16, 35). The action 
of cuprous cyanide on allyl alcohol and hydro- 
chloric acid has been used with great success 
(Breckpot, Bull. Soc. chim. Beige, 1930, 39, 
465). Nitriles are also obtained by heating the 
salts of sulphonic acids with potassium cyanide 
(Merz and Miilhauser, Ber. 1870, 3, 710). 

Hydrogen cyanide may be added directly to 
aft- double bonds in unsaturated acids, esters, 
nitriles, and ketones, a little alkali or organic 
base being employed as a catalyst, 

RCH:CHX+HCN -> RCH(CN)CH„X 

(Bredt and Kallen, Annalen, 1896, 293, 350 ; 
Claus, ibid. 1878, 191, 33; Lapworth, el al. 
J.C.S. 1904, 85, 1214; 1922, 121, 49, 1699; 
Organic Syntheses, 1928, 8, 88). A similar 
reaction takes place with the carbonyl groups of 
aldehydes and ketones thus yielding cyano- 
hydrins : 

RR'CO+HCN -s- RR'C(OH)CN 

(Ultee, Rec. trav. chim. 1909, 28, 1, 248, 257 ; 
Jones, J.C.S. 1914, 105, 1560 ; Lapworth and 
Manske, J.C.S. 1928, 2533 ; 1930, 1976). It is 
generally best to add a slight excess of liquid 
hydrogen cyanide to the carbonyl compound 
with a little potassium cyanide, caustic, alkali 
or secondary amine as catalyst ; sometimes, 
however, hydrogen cyanide produced in situ 
from potassium cyanide and an acid gives equally 
good results (cf. Ruzicka and Brugger, Helv. 
Chim. Acta, 1926, 9, 399 ; Welch and Clemo, 
J.C.S. 1928, 2629 ; Boorman and Linstead, 
J.C.S. 1935, 261 ; Cox and Stormont, Organic 
Syntheses, 1935, 15, 1). Another method con- 
sists in treating the bisulphite compound of the 
carbonyl compound with aqueous potassium 
cyanide (Bucherer and Grolee, Ber. 1906, 39, 
1224 ; Albert, Ber. 1916, 49, 1382 ; Corson, 
Dodge, Harris, and Yeaw, Organic Syntheses, 
1926, 6, 58). Cyanohydrins may be obtained 
from almost all carbonyl compounds and since 
they may be dehydrated to unsaturated nitriles 
and these latter reduced to saturated compounds 
their synthetic importance is very great ; for 
recent examples of their employment in this 
way see Huckel and Lampert, Ber. 1934, 67, 
[BJ, 1811 ; Rydon, J.C.S. 1937, 257. A similar 
reaction with ammonium cyanide is useful for 
the synthesis of a-amino-acids : 

RR'CO-f NH 4 -CN -> RR'C(NH 2 )CN 
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(Zelinski and Stadmhoff, Ber. 1906, 39, 1725 ; 
1908,41,2063). The dehydration of aldoximw . 

RCHiNOH-*. RCN+H,0 
has also been used for the preparation of nitriles 
(e/. Buck and Ide, Organic Syntheses, 1935, 15, 
85). 

In the aromatic series, important methods for 
the preparation of nitnles are the reactions of 
Sandmeyer and Gattcrmann. The latter (Ber. 
1690, 23, 1218) consists in treating a dtazomum 
cyanide with copper bronze. In the former 
(Ber. 1884, 17, 1633, 2650), which is generally! 
more convenient for the preparation of nitriles 
(< /. Clarke and Read, Organic Syntheses, 1925, 
4, 69), the diazonium chloride is treated with 
cuprous cyanide and then warmed. 

Reactions of Carboxylic Acids — ( i) Salt 
Formation — The salts of carboxylic acids may 
be obtained by neutralisation of the free acid 
with the appropriate hydroxide or carbonate 
Salta of the alkali metals are generally prepared 
by careful neutralisation, followed by evapora- 
tion , salts of the alkaline earths and heavy 
metals, by boiling with an aqueous su pension of 
the metallic carbonate, followed by filtration 
and evaporation Sparingly soluLle salts may 
be obtained by double decomposition , the 
preparation of silver salts is usually so carried 
out by adding aqueous silver nitrate to an 
aqueous solution of the ammonium salt of the 
acid, the precipitated silver salt being filtered 
off and dned. 

(u) Preparation of Acyl Halida . — For the 
preparation of acyl chlorides phosphorus penta- 
chlonde, phosphorus trichloride, and thionyl 
chloride are the most w idely used reagents, the 
choice being largely dependent on the properties 
of the acyl chloride If phosphorus penta- 
chloride is used, phosphorus oxychloride is an 
end product of the reaction : 

RCOjH-f PCIj -*■ RCOC|+POCI,+ HCl 
If the acyl chloride has a boiling-point widely 
different from that of phosphorus oxychloride 
it may be separated by distillation (Gr&be and 
Bungener, Ber. 1879, 12, 1079 , Krafft and 
Burger, Ber 1884, 17, J378 ; Adams and 
Jenkins, Organic Syntheses, 1923, 3, 75) ; if 
this method is not applicable, treatment with 
light petroleum may be used to separate the 
inorganic material (Wallach, Ber. 1875, 8, 300). 
It is frequently desirable to employ diluents, 
such as benzene or chloroform (Gr&be, Annalen, 
1896, 291, 10) , in the cases of acids that are 
alow to react, phosphorus oxychloride, used 
as solvent, facilitates the reaction (H. von Pech- 
mann, Annalen, 1891, 264, 282 ; Pschorr, Ber. 
1893, 31, 1295). 

If the acyl chlonde has a low boiling point, 
phosphorus trichloride is a better reagent : 

SRCOjH + PCIj-*- 3RCOCI+HPO s 
since the phosphorous acid formed is non- volatile. 
The use of phosphorus halides is attended by the 
danger of contamination of the product with 
phosphorus compounds, which may be very 
difficult to remove completely. For this reason 
thionyl chloride is frequently used ; the reaction 
proceeds in the cold and is finished by gentle 


warming and has the advantage that all the 
inorganic products are gases : 

RCOjH+SOCIj -*■ RCOCH-SO,+ HCI 
(Meyer, Monatsh. 1901, 22, 109, 415, 777- 
Herre, Ber. 1895, 28, 594 ; Helfcrich and 
Schaefer, Organic Syntheses, 1929, 9, 32). With 
this reagent, however, succinic, glutanc, and 
inaleic acids form, not acyl chlorides, but 
anhydrides (McMaster and Ahmann, J. Arner. 
Chem. Soc. 1928, 50, 145) , in some cases the 
presence of pyridine is necessary for the reaction 
to proceed (Carre and Libermann, Compt. rend. 
1934, 199, 1422). 

Acyl chlorides may also be obtained by the 
action of phosphorus oxychloride on the sodium 
salts of carboxylic acids : 

2RCO,Na-(- POC1, 

-► 2RCOCI+NaPOj4-NaCt 
(Gerhardt and Chiozza, Compt. rend. 1853, 
36, 655 , Rugheimer and Hofmann, Ber. 1884, 
17, 739 , Rupe, Annalen, 1909, 369, 331). On 
the technical scale phosphorus oxychloride (G P. 
163103, 171787), phosgene (G.P. 29GG9), nil 
phuryl chlonde and chlorosulphonic acid (G.P. 
63593, 161882), and a mixture of sulphur 
dioxide and ehlonne (G P. 210805) have found 
application. The use of silicon tetrachloride 
has also been proposed (Montonna, J. Amer 
Chem. Soc 1927, 49, 2114). Clark and Bell 
(Trans. Roy Soc. Canada, 1933, [iu], 27, IU, 
97) made a general survey of methods of pre- 
paring acyl chlorides and concluded that tbionjl 
chlonde was the most satisfactory reagent for 
the process. 

Acyl bromides are obtained analogously using 
bromides of phosphorus '(Claisen, Ber. 1881, 
14, 2474) or, more simply, red phosphorus and 
bromine (Gal, Annalen, 1864, 129, 53). Acyl 
iodides cannot be obtained directly from car 
boxylic acids but are prepared by the action of 
phosphorus iodide on the anhydrides or salts 
or from the acyl chlorides with calcium iodide 
(Guthne, Annalen, 1857, 103, 335 j Spmdler, 
ibid. 1885, 231, 272). Acyl fluorides are obtained 
from the chlorides with zinc or silver fluoride 
{Borodin, Annalen, 1903, 120, 00 ; Gueen 
Bull. Soc. chim. 1891, [m], 5, 886) or by the 
interaction of fluorosulphonic acid or a salt with 
the free acid or one of its salts : 

RCOjX+XFSOj -*■ RCOF+XjSO, 
(Traube and Krahmer, Ber. 1919, 52, [B], 1296)* 
Recently the use of potassium fluoride and 
benzoyl chlonde has been recommended 
(Nesme]anov and Kahn, Ber. 1934, 67, [BJ, 370). 

(m) Preparation of Acid Anhydrides.— The 
most convenient method for the preparation of 
acid anhydrides consists in refluxing the and 
with acetyl chloride or acetic anhy dnde, follow ed 
by distillation (Anschutz, Annalen, 1881, 220, 1; 
Autenneth, Ber. 1901,34, 180; Fournier, Bull. 
Soc. chim. 1909, [iv], 5, 922 ; Clarke and Raltr*, 
Organic Syntheses, 1923, 3, 21) ; when acetic 
anhydride is employed the use of catalysts sued 
as pyridine, sulphuric acid, or hydrogen chloride 
enables the reaction to be earned out below ltar 
(G.P. 442221). In the case of stereo isomeno 
dicarboxylic acids it is usually, although not 
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always, the cis-acid which yields an anhydride 
readily by the above methods, the Irans- acid 
being converted into the cis-anhydride on 
heating in sealed tubes with acetyl chloride or 
acetic anhydride to high temperatures; phos- 
phorus oxychloride has been used to prepare 
anhydrides of dibasic acids ( cf . Shriner and 
Struck, Organic Synthesis, 1932, 12, 66). 

A general method and, incidentally, the 
classical method, is the slow distillation of the 
acyl chloride with the sodium salt : 

RCOCl+RCOONa 

-> RCO-OCOR+NaCI 

(Gerhnrdt, Annalen, 1853, 87, 65, 149). In 
technical practice the method is simplified by 
treating the sodium salt with sufficient phos- 
phorus oxychloride, phosphorus trichloride, 
thionyl chloride, or sulphuryl chloride to convert 
one half of the salt to the acid chloride ; the 
mixture is then distilled (Denham and Wood- 
house, J.C.S. 1913, 103, 1861 ; G.P. 163103, 
171787, 29669, 63593, 161882, 210805). Acid 
anhydrides may also, in certain cases, be ob- 
tained by treatment of acyl halides with tertiary 
bases such as pyridine or quinoline (Wedekind, 
Ber. 1901, 34, 2070 ; G.P. 117267). 

(iv) Preparation of Amides, Imides, Etc . — 
A general method for the preparation of amides 
is the reaction of the acyl chloride with 
ammonia : 

rcoci+nh 3 ->- rco-nh 2 +hci 

(Liebig and Wohler, Annalen, 1832, 3, 268). 
For the preparation of small amounts of amide 
it is unnecessary to isolate the acyl chloride ; the 
acid is simply treated with thionyl chloride and 
the reaction product added to concentrated 
aqueous ammonia with cooling (Aschan, Ber. 
1898, 31, 2344). In the preparation of sub- 
stituted amides (anilides, etc.) it is better to 
employ benzeno or ether as a diluent (cf. 
Franzen, Ber. 1909, 42, 2465). A similar 
reaction takes place with anhydrides (Autenrieth 
Ber. 1901, 34, 186), but this is, in general, only 
valuable in the case of dibasic acids, which 
yield mono-anilides (anilic acids) : 

yCO^ yCO'NHR 

(CH 2 )n O + NH 2 R (CH 2 )n 

^CC)/ ^COjH 

(Anschutz, Ber. 1887, 20, 3214 , 1888, 21, 
88 ; Annalen, 1890, 259, 137 ; Auwers, ibid. 
1895, 285, 225) ; here again the reaction with 
amines is generally carried out in a neutral 
solvent such as benzene. 

The oldest method for obtaining amides is 
by the distillation of the ammonium salt of the 
acid : 

RCO,NH 4 -> RCO NHj+HjO 

Thus acetamide is prepared by refluxing a 
mixturo of 100 g. of ammonium acetate with 
120 g. of acetic acid for 5 hours and distilling 
tho product (Dumas, Ann. Chim. 1830, [ii], 44, 
130 ; Hofmann, Ber. 1882, 15, 981 ; Francis, 
,T. Pharm. Chim. 1900, [vi], 23, 230 ; Noyes and 
Goebel, J. Amer. Cheru. Soc. 1922, 44, 2294 ; 
Coleman and Alvarado, Organic Syntheses, 


1923, 3, 3). This process is also satisfactory for 
the preparation of the imides of dibasic acids 
(cf. Clarke and Behr, Organic Syntheses, 1936, 
16, 75). Anilides, etc., may be prepared in a 
similar manner by refluxing a mixture of the 
acid and the amine until the water has been 
driven off (cf. Dunlap, J. Amer. Chem. Soc. 
1902, 24, 758 ; Webb, Organic Syntheses, 1927, 
7, 6). 

Many esters yield amides by treatment in the 
cold with concentrated aqueous ammonia : 

RC0 2 R'+NH 3 -V RCONH 2 +R , OH 

(Fischer and Dilthey, Ber. 1902, 35, 844 ; 
Meyer, Monatsh. 1906, 27, 31 ; Jacobs and 
Heidelberger, Organic Syntheses, 1927, 7, 16 ; 
Corson, Scott, and Vose, ibid. 1929, 9, 36 ; cf. 
Chattaway, J.C.S. 1936, 355) ; in the case of 
inert esters good results are sometimes 
obtained by heating the ester with concentrated 
alcoholic ammonia in a sealed tube at 100°-150° 
(Hofmann, Ber. 1882, 15, 977). This method 
has also been applied to the preparation of 
hydrazides, UBing hydrazine hydrate (Curtius, 
el al. J. pr. Chem. 1895, [ii], 51, 165, 180, 295, 
353 ; 1901, [ii], 64, 401, 419), and of hydroxamic 
acids, using hydroxylamine (Schroeter, Ber. 
1898, 31, 2191) in place of ammonia. 

Dibasic acids may be converted into their 
imides by heating their ammonium salts or 
monoamides (Laurent, Annalen, 1842, 41, 110 ; 
Fehling, ibid. 1844, 49, 196) or by treatment of 
their chlorides or anhydrides with ammonia 
(Kuhara, Amer. Chem. J. 1881, 3, 29) ; a 
convenient process for small quantities consists 
in heating the anhydride with urea : 

/ C °\ 

R O + CO(NH 2 ) 2 
NCO-/ 

/ C °\ 

>- R NH+NH 3 +C0 2 

N 'CO / ^ 

(Laurent, Ann. Chim. 1836, 19, 47 ; Herzog, 
Z. angew. Chem. 1919, 32, 301) or with am- 
monium carbonate (cf. Noyes and Porter, 
Organic Syntheses, 1922, 2, 75). 

(v) Preparation of Nitriles. — The preparation 
of nitriles from carboxylic acids is generally 
carried out through the amide, which is readily 
dehydrated, 

RCO-N H 2 -y RCN+H 2 0, 

by heating with phosphorus pentoxido (Dumas, 
Annalen, 1847, 64, 332 ; Krafft and Stauffer, 
Ber. 1882, 15, 1729), phosphorus oxychloride or 
pentachloride (Wallach, Annalen, 1877, 184, 21 ; 
Corson, Scott, and Vose, Organic Syntheses, 
1930, 10, 66), or thionyl chloride (Michaelis and 
Sieber, Annalen, 1893, 274, 312). Nitriles 
may also be obtained directly from carboxylic 
acids by distillation with potassium or lead 
thiocyanate (Letts, Ber. 1872, 5, 669 ; ICekule, 
ibid. 1873, 6, 110 ; Kriiss, ibid. 1884, 17, 1767) 
or by heating with phospham : 

2RC0 2 H+N 2 HP-> 2RCN+ H 3 P0 4 

(G.P. 101391). 
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(vi) Preparation of Estert. — The direct esterifi- 
cation of a carboxylic acid with an alcohol, 
RCO t H-f R'OHv^RCOjR'-i-HjO, 
i9 a re^ ersible reaction and equilibrium is only 
set up slowly in the absence of a catalyst. The 
ease of esterification is largely dependent on the 
structure of the acid and of the alcohol (ef. 
inter al. Mensehutkin, Annalen, 1879, 195, 334 ; 
Ber. 1909, 42, 4020 ; Wilbtitter et at., Annalen, 
1907, 354, 249 ; 1910, 378, 98 ; Michael et al , 
Ber. 1909,42,3157 ; 1910,43,464; Sndborough 
et al.. J.C.S. 1908, 93, 210 ; 1912, 101, 237, 317, 
1227) ; in general primary alcohols react more 
readily than secondary, and tertiary alcohols 
and phenols scarcely at all, while a substituents 
in carboxylic acids retard esterification ; fy- 
unsaturated acids are more readily estenfied 
than their nj9-isomendes, a fact that has been 
employed in their separation (Eccott and Lin- 
stead, JCS 1929,2153). 

The catalysts most commonly employed are 
sulphuric acid, when the mixture is usually 
heated on the water-bath (ef. Meyer, Monatsh. 
1904, 23, 840), and, generally better, a small 
amount of hydrogen chloride, when the reaction 
is usually carried out in the cold (Fischer and 
Speier, Ber. 1895, 28, 3252 ; Adams and Chiles, 
Orgamc Syntheses, 1925, 5, 53). When sul- 
phuric acid is used as catalyst it is frequently 
advantageous to cany out the reaction with 
benzene as a diluent (Taylor, J.C.S. 1905, 87, 
1752). Other catalysts, such as metallic sul- 
phates (Bogojawlenski and Narbutt, Ber. 1905, 
38, 3344 ; Clemmensen and Heitman, Amer. 
Chem. J. 1909, 42, 319), phosphoric acid (Raikow 
and Tischkow, Chem. Ztg. 1905, 29, 1268), 
phosphorus oxychloride (Nencki, J. pr. Chem 
1882, [uj, 25,282), and Twitchell’s reagent (Zaga- 
nians and Varvoglis, Ber. 1936, 69, [B], 2277) 
have been proposed. For special cases a process 
has been used extensively which consists 
essentially of distillation in alcohol vapour with 
return of the distillate after de-hydration (Frank- 
land and Aston, J.C S. 1901, 79, 517 ; Houssa 
Kenyon and Phillips, J.C.S. 1929, 1707; 
Kenyon, Organic Syntheses, 1925, 5, 60 ; 
Qjcxoa, ifa'aras smf Scott, %bu£. ISStf, iJ, sfo/. 
Similar processes in which calcium carbide is 
used as the dehydrating agent (Thielepape, 
Ber. 1933, 66, [B], 1454) and in which the 
water is removed as a ternary mixture with the 
alcohol and some third component (Clarke and 
Davis, Organic Syntheses, 1922, 2, 23; Kendall 
and McKenzie, i bid. 1923, 3, 51 ; McDermott, 
ibid. 1930, 10, 83) have also been used Special 
methods such as these have found application in 
the preparation of half-esters of dibasio acids 
(Contzen Crowet, Bull. Soc. chim. Belg. 1926, 
35, 165 ; Foumeau and Sabetay, Bull. Soc. chim. 
1928, [iv], 43, 859). 

A procedure which finds wide application, 
especially for the preparation of very pure 
esters, is the reaction between the silver salt 
of the acid and an alkyl halide, 

RCOjAg+R'X-*- RCOjR'+AgX, 
which is best carried out by refluxing the com- 
ponents in ctherei 1 solution (Hofmann and 
Cahonrs, Annalen, 1857, 102, 294 ; He6.se, ibid. 


1859, 110, 340 ; Meyer and Jugilewitsch, Ber. 
1897,30,780) ; the sodium salt of the acid may 
be employed in the same way (cf. Reid, J. Amer. 
Chem. Soc. 1917, 39, 107, 124). A somewhat 
analogous reaction is the preparation of methjl 
esters by treatment of an aqueous solution of 
the sodium salt with dimethyl sulphate (Werner 
and Seybold, Ber. 1904, 37, 3658 ; von Liebig, 
ibid. 4036 ; Meyer, ibid. 4144 ; Gr3.be, Annalen 
1905, 340, 244). 

In difficult cases, the action of diazomethane 
(for preparation, see Arndt, Organic Syntheses, 
1935, 15, 3) on the acid may be employed for the 
preparation of the methyl ester : 

RCOjH-f CHjNj -»■ RCOj-CHj-f N,; 
this is generally carried out by treating the acid 
with an ethereal solution of diazomethano until 
the yellow colour of the latter is no longer dis- 
charged onstanding (H.von Pechmaon, Ber. 1895, 
28, 856 ; 1898, 31, 501). The action of alcohols 
on acyl chlorides, 

RCOCI+R'OH -* RCOjR'+HCI, 
is also sometimes of value in such cases (Baeyer, 
Annalen, 1888, 245, 140). In the aromatic series 
acyl chlorides are condensed with phenols by 
shaking in the cold with a sbght excess of 
caustic alkali (Schotten, Ber. 1884, 17, 2545; 
Baumann, Ber. 1886, 19, 3219) or, in the case 
of alkah-sensitive phenols, by heating on the 
water-bath with pyndine (Einhom, Annalen, 
1898, 301, 95) ; it is occasionally advantageous 
to carry out the reaction m a neutral solvent, 
such as benzene, in the presence of powdered 
caustic alkali (Claisen, Ber. 1894, 27, 3182). 

Acid anhydrides also react with alcohols 
yielding esters (ef. Verley and Bolsing, Ber. 
1901, 34, 3354 ; Kaufmann, Ber. 1909, 42, 
3480) ; the reaction is most valuable in the 
case of dibasic acids, since their anhydrides react 
readily with sodium alkoxides to yield half- 
esters : 




O + NaOR' - 


COjR' 

COjNa 


(Bruhl, Ber. 1893, 26, 284, 1097 ; Blaise and 
Kcehler, Bull. Soc. chim. 1910, [iv], 7, 218 ; 
Auwers, Annalen, 1896, 292, 178 ; Wegscheider 
and Hecht, Monatsh. 1903, 24, 413 ; Anschflfz, 
Annalen, 1907, 354, 130). 

Tertiary alcohols are only esterified with 
difficulty, if at all, by the above methods ; 
their esters may be obtained by treatment of the 
alcohol with the Grignard reagent followed by 
addition of an acid chloride or anhydride to the 
resulting complex : 

(1) ROH+R'MgX -+■ ROMgX+R’H 
(2a) ROMgX+R"COCl 

ROCOR"+MgXCI 

or (2b) ROMgX+ (R"C0),0 

R O- C O R "+ R CO,MgX 

(Houben, Ber. 1906. 39, 1738 ; Henry, Bull- 
Acad. roy. Belg. 1907, 285 ; G.P. 162863). 
Tertiary esters may also be obtained by addition 
of fatty bcida to olefins under the influence of 
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zinc chloride (Kondakow, J. pr. Chem. 1893, 
(ii), 48, 477). 

(vii) Preparation of Per-acids and Peroxides . — 
Acyl peroxides are obtained by treatment of 
acyl chlorides with sodium peroxide or alkaline 
hydrogen peroxide : 

2RC0CI+Na„0 2 

-> RCO-O O COR+2NaCI 

(H. von Pechmann and Vanino, Ber. 1894, 27, 
1510 ; Vanino and Thiele, Ber. 1896, 29, 1726 ; 
Gambarjan, Ber. 1909, 42, 4008). Benzoyl 
peroxide is comparatively inert, but treatment 
with alcoholic sodium ethoxide yields the 
reactive perbenzoic acid, PhCO-O-O H, 
(Baeyer and Villiger, Ber. 1900, 33, 1576 ; 
Tiffcneau, Organic Syntheses, 1928, 8, 30 ; 
Braun, ibid. 1933, 13, 86), which is used very 
widely for oxidising ethylenic compounds. 

Acetyl peroxide is obtained by the action of 
sodium peroxide on acetic anhydride in etherial 
solution (Nef, Annalcn, 1897, 298, 288) or by the 
action of hydrogen peroxide on acetyl chloride 
(D’Ans and Friederich, Z. anorg. Chem. 1911, 
73, 357). It is more reactivo than benzoyl 
peroxide and is hydrolysed by water to peracetic 
acid (D’Ans and Frey, Ber. 11912, 45, 1848) 
which is also used for the oxidation of unsatu- 
rated compounds. 

(viii) Decarboxylation of Carboxylic Acids . — 
In general monocarboxylic acids do not readily 
loso carbon dioxide on heating, but the intro- 
duction of negative substituents on the a-carbon 
atom greatly increases the tendency to undergo 
decarboxylation. Thus malonic acid and its 
substitution products readily lose carbon dioxide 
on heating, a reaction which is tho basis of the 
malonic ester synthesis (see above). Certain 
other acids behave similarly ; thus nitroacetic 
acid is slowly deearboxylated at room tempera- 
ture, yielding nitromethano (Steinkopf, Ber. 
1909, 42, 3925) and phenylacetic acid gives a 
good yield of toluene on prolonged heating at 
350°-375° (Engler and Low, Ber. 1893, 16, 1436); 
the thermal decarboxylation of cinnamic acid. 

PhCH:CH-C0 2 H PhCH :CH 2 +C0 2 , 

is used for the preparation of styrene, the 
process consisting merely of slow distillation 
in tho presence of a little hydroquinone to pre- 
vent polymerisation of the hydrocarbon (Abbott 
and Johnson, Organic Syntheses, 1928, 8, 85). 
The reaction frequently proceeds readily in 
aqueous solution and is the basis of Kolbe’s 
method of preparing nitromethanc, in which 
sodium chloroacetate is treated with sodium 
nitrito and tho resulting nitroacetic acid de- 
carboxylatcd directly by. heating the solution 
(ICoIbe, J. pr. Chem. 1872, [ii], 5, 427 ; Whit- 
more and Whitmore, Organic Syntheses, 1923, 
3, 83) ; the method may bo applied to higher 
homologucs using tho appropriate a-chloroacids 
(Auger, Bull. Soc. chim. 1900, [iii], 23, 333). 
An analogous reaction is tho preparation of 
(u-bromostyrcnc by simultaneous elimination of 
hydrogen bromide and carbon dioxide from 
dibromo cinnamic acid by heating with water 
or aqueous alkali : 

PhCHBrCHBrCO„H 

-* PtiCH:CHBr-f-HBr-}-COj 


(Fittig and Binder, Annalen, 1879, 195, 141 ; 
Nef, ibid. 1899, 308, 267). 2:4:6-Trinitro- 
benzoic acid is readily deearboxylated by heating 
in aqueous solution, the reaction affording a 
convenient method of preparation of sym- 
trinitrobenzene (Clarke and Hartman, Organic 
Syntheses, 1922, 2, 93). Decarboxylation may 
in some cases be brought about by heating with 
bases such as pyridine or aniline (Staudinger, 
Ber. 1906, 39, 3067). 

(ix) Preparation of Aldehydes and Ketones 
from Carboxylic Acids. — It was early discovered 
that dry distillation of the calcium or barium 
salts of fatty acids led to the production of 
ketones : 

RCOj, R, 

X Ca -> X CO + CaCO, 

/ / 3 

RCO/ R' 

(Liebig, Annalen, 1832, 1, 225). Mixed ketones 
may. be prepared by using a mixture of salts, 
and distillation of the barium salt of a fatty 
acid with barium formate yields aldehydes : 


(R-C0 2 ) 2 Ba+ (H-COA-Ba 

- 5 - 2R-CHO+ 2BaCO a 


Although tho yields are generally poor the 
method has found application in special, cases 
(Morgan and Holmes, J.S.C.I. 1925, 44, 108T, 
491T ; Tiemann, Ber. 1898, 31, 826 ; Davies, 
Heilbron, Jones, and Lowe, J.C.S. 1935, 584). 

In the case of dibasic acids, cyclic ketones 
are obtained, e.g., adipin ketone from barium 
adipate : — 


CH 2 -CH 2 -CO n \ CH 2 -CH 2V 
| *>Ba-H 2 > 

CHjCHoCO/ CHyCH/ 


CO+BaCO 


3 


(Hentzscliel and Wislicenus, Annalen, 1893, 
275, 312 ; Wislicenus, ibid. 341, 351, 356). In 
general, only a small “ catalytic ” amount of 
baryta is added to tho dibasic acid, dry distil- 
lation then giving a good yield of ketone (Thorpe 
and Kon, Organic Syntheses, 1925, 5, 37 ; 
Linstead and Meade, J.C.S. 1934, 942) ; stereo- 
isomeric dibasic acids generally require heating 
to different temperatures to bring about 
ketonisation, stereoisomeric ketones often being 
formed (c f. Zelinsky, Ber. 1896, 29, 1541 ; 
Zelinsky and Rudsky, Ber. 1897, 30, 404 ; 
Faltis and Wagner, Annalcn, 1923, 433, 103 ; 
Barrett and Linstead, J.C.S. 1935, 441). 

Variants of the method consist in heating the 
acid with iron filings or heavy metal salts (G.P. 
256622), and slow distillation of the acid with 
carbon dioxide (Aschan, Ber. 1912, 45, 1605). 
General studies of the efficacy of various metallic 
compounds as catalysts have been carried out 
(Ruzieka et al., Helv. Chim. Acta, 1926, 9, 
249, 399, 499 ; 1928, 11, 496, 670, 686 ; 1930, 
13, 1152 ; Vogel, J.C.S. 1928, 2032) ; in general 
distillation of the thorium, cerium or yttrium 
salts gives very good results. 

A further method consists in distilling the 
acid with acetic anhydride (Blanc, Compt. rend. 
1907, 144, 1356 ; Bull. Soc. chim. 1908, [iv], 
3, 778, 780). It is generally assumed that acids 
of the succinic and glntaric series give an- 
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hydrides and acids of the adipic and pimelic 
senes, ketones, by this method — the so-called 
“ Blanc rule " ; this, however, does not always 
hold and should be employed with caution. 
Rearrangement also sometimes accompanies 
kctonisarion (Rtuicka and Brugger, Helv. 
China. Acta, 1926, 9, 399 ; Day, Kon and 
Stephenson. J.C.S. 1020, 117, 642 ; Nef, 
Annalen, 1900, 310, 333). 

A good method for aliphatic ketones is the 
passage of a fatty acid or a mixture of fatty 
acids through a tube containing thona heated 
to 400° (Senderens, Compt. rend. 1909, 148, 
027 , ] 49, 213, 995 ; Pickard and Kenyon, 
J.C.S 1911, 99. 66 ; 1912, 101, 628 ; 1913, 
103, 1936; Herbert and Manske, Organic 
Syntheses, 1936, 16, 47). A method applicable 
to semi-aromatic ketones is tho Friedel Crafts 
auto-co ndensation of aromatic acyl chlorides : 


(Kipping, J.C.S. 1894, 65, 480 ; Martin and 
Fieser, Organic Syntheses, 1935, 15 , 77). 

(x) Reduction of Carboxylic Acid t and Dtriva - 
tires, — In general, free carboxylic acids are 
reduced to aldehydes or primary alcohols only 
with difficulty. Under appropriate conditions, 
however, aromatic o hydroxy-carboxylic acids 
can be reduced to aldehydes and finally to 
alcohols by means of sodium amalgam (R.von den 
Velden, J. pr. Chem. 1877, [h], 15, 163 ; Weil 
tt al, Bcr. 1903, 41, 4147 ; 1021, 64, 3217 ; 
1922, 55, 224, 301, 2664). Aromatic acids have 
been successfully reduced to aldehydes electro- 
lyrically (Tafel and Fnednchs, Bcr. 1904, 37, 
3187 ; Met tier, Bcr. 1905, 38, 1745 ; 1900, 39, 
2933 ; Marie, Marquis, and Birckenstock, Bull. 
Soc. chim. 1919, [iv], 25. 612). Aldehydes are 
also formed when a mixture of the acid vapour 
with formic acid vapour is passed over titanium 
dioxide at 250°-300® (Sabatier and Mailhe, 
Compt. rend. 1912, 154. 561). 

A method for the reduction of acyl chlorides 
to afdehydes which has found wide application ' 
is that developed by Rosenmund and his co- 
workers (Bcr. 1918, 51, 585 ; 1921, 54, [B], 425, 
638, 2038, 2888 ; 1922, 55, [B], 2360 ; 1923, 56, 
[BJ, 1481) ; the method Is essentially a catalytic 
hydrogenation in the presence of palladiscd 
barium sulphate or kieselguhr in boiling xylene 
or cumene, a “ regulator,” such as quinoline 
which has previously been heated with sulphur, 
being present to prevent the reduction going 
further. 

The imino-chlorides (tec Mote) derived from 
anilides form the basis of the following method 
of reduction : 

PhCO,H -+ PhCO NHPh ->• PhCChNPh 

Ph-CHO+NH t Phs- PhCHiNPh 

(Sonn and Muller, Ber. 1910, 52, 1927), which ii 
based on the reduction of the imuio-chloride with 
stannous chloride, yielding an azomethine 
which is readily hydrolysed to an aldehyde 


aniline. Another, somewhat similar, method is 
based on the following series of reactions : 

,NPh 

RCCIiNPh RC"” 

^MgCI 

RCHiNPh -*■ RCHO+PhNH, 
(Staudinger, Ber. 1908, 41, 2217). 

A method of very wide application is tha 
reduction of esters with sodium and alcohol 
(Bouveault and Blanc, Compt. rend. 1903, 135, 
1676 ; 127, 60 ; Bull. Soc. chim. 1901, [uij, 
31, 669 ; cj. Ford snd Marvel, Organic 
Syntheses, 1930, 10, 62) ; the yields are some- 
what variable and a number of modifications 
have been described, but, generally, an alcoholic 
solution of the ester is run on to a large excess 
of clean sodium in a capacious flask ; when the 
initial reaction is finished the product is refluxed 
in an oil-bath until all the sodium is dissolved 
— prolongation of this heating improves the 
yield (Rydon, J.C.S. 1936, 694) ; the process 
of working up depends on the properties of the 
product. Butyl and amyl alcohols have been 
used in order to increase the maximum tem- 
perature (Reid, Cockenlle, Meyer, Cox and 
Ruhoff, Organic Syntheses ; 1935, 15, 51). 
This method of reduction has also been applied 
to the anhydrides of dibasic acids, lactones 
being formed (Blanc, Bull. Soc. chim. 1905, [ui], 
33, 898), while the reduction of dibasic esters 
to glycols has been fully worked out 
(Bennett and Mosses, J.C.S. 1931, 1697, Manske, 
Organic Syntheses, 1934, 14, 20), Sodium in 
acid aqueous sodium acetate has also been 
employed for the redaction of esters (Pnns, 
Rec. trav. chim. 1923,42, 1050) and Bouveault 
and Blanc's method modified by carrying out 
the redaction using sodium and butyl alcohol 
in a hydrocarbon solvent (Ford and Marvel, 
Organic Syntheses, 1030, 10, 62 ; Levene snd 
Allen, J. Biol. Chem. 1916, 27, 443 ; Bleyberg 
and Ulrich, Ber. 1931, 64, [BJ, 2501), 

Amides on redaction by the Boavesalt- 
Blane procedure give mixtures of amines and 
alcohols (Gnerbet, J. Pharm. Chim. 1899, [vi], 
10, 280 ; Bouveaalt end Blanc, Compt, rend. 
1904, 138, 148). Catalytic hydrogenation of 
esters to alcohols nsing copper chromite (Adkins 
and Folkera, J. Amer. Chem. Soc. 1931, 63, 
1095; 1032, 54, 1145) and other catalysts 
(Sehrauth, Schenck, and Stickdom, Ber. 1931, 
64, 1314 ; Schmidt, ibid. 2051) has also been 
employed. 

(xi) Bromination of Fatty Acid*. — Bromina- 
tion and chlorination of saturated carboxylic 
acids occur in the a-position and the reaction 
is of great importance for synthetic operations. 
Acyl halides are brominated more readily than 
the acids themselves and are employed 
in preference ; it is usually unnecessary to 
isolate the free halide, red phosphorus and 
bromine in the right proportions being allowed 
to react directly with the acid (Volhard, Annalen*. 
1887, 242, 141 ; Zelinsky. Ber. 18S7, 20, 2026; 
Hell tt af., Ber. 1889, 22. 1745 ; 1891, 24, 938, 
2390 ; Le Sueur, J.C.S. 1905. 87. 1805). The 
quantity of phosphorus used may be con- 
siderably less than the theoretical (Lapwdttn, 
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J.C.S. 1904, 85, 41 ; Ward, J.C.S. 1922, 121, 
1161) or a small amount of phosphorus tri- 
chloride may be used (Clarke and Taylor, 
Organic Syntheses, 1925, 4, 9). It is generally, 
however, cleaner to convert the acid into the 
acyl chloride with thionyl chloride and then to 
brominate this without purification. It is 
sometimes convenient to brominate malonic 
acids, without solvent or catalyst, and then to 
decarboxylate the product (cf. Marvel and Du 
Vigneaud, Organic Syntheses, 1931, 11, 20) ; 
malonic esters can also be brominated directly 
in solvents such as carbon tetrachloride 
(Palmer and McWherter, Organic Syntheses, 
1927, 7, 34). 

(xii) Degradation of Fatly Acids. — An im- 
portant reaction of carboxylic acids is their 
conversion to amines by the Hofmann degrada- 
tion, whereby the amide is treated with bromine 
and alkali : 

RCONH,+ Br,+ KOH 

RCO-NHBr-f KBr+H 2 0 

RCONHBr+3KOH 

-> RNH 2 +KBr+K 2 C0 3 +H 2 0 

(Hofmann, Ber. 1882, 15, 752 ; 1884, 17, 

1406). The reaction is of importance for 
descending a homologous series (cf. Hoogewerff 
and van Dorp, Rec. trav. chim. 1888, 6, 373 ; 
1891, 10, 4 ; Moore, Marrack and Proud, J.C.S. 

1921, 119, 1786 ; Beckmann and Correns, Ber. 

1922, 55, 850). 

An analogous procedure is that of Curtius 
(J. pr. Chem. 1894, [ii], 50, 275 ; 1901, [ii], 
64, 297, 401, 419) wherein the hydrazido is 
converted into the azide with nitrous acid : 

rco nh-nh 2 +hno 2 -> RC0N s +2H 2 0 

The azido is then boiled with alcohol, when it 
is converted to the urethane : 

RCO-Ng+EtOH -»■ RNH-COjEt+N 2 

which is then readily hydrolysed to the amine : 

RNH C0 2 Et+H 2 0 -v RNH 2 +COj-f EtOH 

Another valuablo method consists in treatment 
of the acid with hydrazoic acid, the amino being 
formed directly : 

RC0 2 H+ N 3 H -v RNH 2 +N 2 +C0 2 

(B.P. 307789 ; J. von Braun, Annalen, 1931, 490, 
125 ; cf. Jenson and Pope, Proc. Roy. Soc. 
1936, 154, A, 54). A further method (Le Sueur, 
J.C.S. 1905, 87, 1888) is based on the following 
series of reactions : 

RCH- CO-.H -+ RCHBrCO„H 

‘ -► RCH(OH)-Cd 2 H R-CHO 

(xiii) Chain-Lengthening in Carboxylic Adds. 
— The most obvious process for chain lengthen- 
ing is based on the transformations : 

RCO.H -i- RCO.Et 

' -> RCH.-OH -* RCH„X 
\ * 

RCHj CO.H -e- RCH.-CN 

(cf. Blanc, Bull. Soc. chim. 1908, [iv], 3, 291). 
This process may also bo brought about very 


375 

smoothly by converting the acid chloride to the 
corresponding diazo-ketone by treatment with 
diazomethane : 

RCOCl+2CH,N, 

-v RCO>CHN 2 +CH 3 CI+N 2 

The diazoketone may then undergo rearrange- 
ment, under a variety of experimental con- 
ditions, with loss of nitrogen, yielding the higher 
homologue of the carboxylic acid : 

rco-chn 2 +h 2 o-+ rch 2 co 2 h+n 2 

(Arndt and Eistert, Ber. 1935, 68, [B], 200 ; 
1936, 69, [B], 1805). 

Reactions of Carboxylic Acid Deriva- 
tives. — (i) Amides, Imides, Etc. — Amides may 
be hydrolysed by refluxing with aqueous or 
alcoholic alkali until the evolution of ammonia 
is complete ; hot mineral acids also bring about 
the hydrolysis of amides and are to be preferred 
in the case of anilides and other substituted 
amides. In difficult cases, amides may be con- 
verted into carboxylic acids by means of nitrous 
acid (Bouveault, Bull. Soc. chim. 1892, [iii], 
9, 368) ; this, procedure is only applicable to 
unsubstituted amides, those with one substi- 
tuent on the nitrogen, such as anilides, alkyl- 
ureas, and urethanes, forming nitroso-deriva- 
tives : 

RCO'NHR'+HNO, 

-» RC0-NR' N0+H 2 0 

This last reaction is best brought about by the 
action of nitrous fumes in acetic acid solution 
(Fischer, Ber. 1876, 9, 463 ; H. von Pechmann, 
Ber. 1895, 28, 856 ; Hantzsch and Wechsler, 
Annalen, 1902, 325, 237 ; Jacobson and Huber, 
Ber. 1908, 41, 663), but may also be carried out 
using aqueous nitrous acid, this method being 
particularly useful with alkylureas (Werner, 
J.C.S. 1919, 115, 1096). 

Amides may bo reduced, catalytically, to 
amines : 

rco-nh 2 -> rch 2 nh 2 

(AdkinB and Wojcik, J. Amer. Chem. Soc. 1934, 
56, 247, 2419) thus affording a further method 
for chain-lengthening. 

Amides react with hypohalogenites to yield 
halogeno-amides of the type RCO NXR' 
(Mauquin, Ann. Chim. 1911, [viii], 22, 305 ; 
Pyman, J.C.S. 1913, 103, 857) ; the halogen in 
these compounds is very labile and they may 
be used as mild halogenating agents, a notable 
example being the rearrangement of IV-cliloro- 
aeetanilide to p-chloroacetanilide, a process 
which may be regarded as one of auto-sub- 
stitution (Chattaway and Orton, J.C.S. 1899, 
75, 1046 ; 1900, 77, 789, 797, 800 ; 1901, 79, 
274). The bromoamides are the basis of the 
Hofmann method of degradation, to which 
reference has already been made ; if the decom- 
position of the bromoamides is carried out in 
the presence of unchanged amide, acyl alkyl 
ureas are produced (Hofmann, Ber. 1881, 14, 
2725 ; 1882, 15, 752 ; Odenwald, Annalen, 
1918, 416, 228), while treatment of the bromo- 
amide with alcoholic alkoxides yields urethanes 
(Jeffreys, Ber., 1897, 30, 898 ; Gutt, Ber. 1907, 
40, 2062). 
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Anilides react with phosphorus pentachloride 
toformimino chlorides of the type R-CCl:NPh 
(Wallach, Annalen, 1877, 184, 5 ; Sonn and 
Mfiller, Ber. 1919, 52, 1930}. Although not 
markedly basic, amides form salt9 with halogen 
acids (Werner, Ber. 1903, 30, 153 ; Dadswell 
and Kenner, J.C.S. 1927, 1104). Metallic 
derivatives of the typo RCO NHNa are known 
(Titherley, J.C.S. 1897, 71, 467 ; Strecker). 
Annalen, 1857, 103, 324}, the alkali derivatives of 
certain imdes, e g. potassium phthahmide, being 
produced very readily from the unide and 
alcoholic potassium hydroxide (Hale and Britton, 
J. Amer. Chem. Soc. 1919, 41, 843). Treatment 
of these derivatives with alkyl halides brings 
about ^-alkylation (Hepp, Ber. 1877, 10, 328; 
Pictet and Crdpieux, Ber. 1888, 21, 1107) ; 
if the silver salts are used O-alkyl derivatives 
of the enol are formed in addition (Wheeler and 
Johnson, Amer. Chem. J. 1899, 21, 185 ; 1900, 
23, 136 ; Lander, J C.S. 1903, 83, 415, 766). 
The alkylation of alkali metal derivatives of 
imides is the basis of Gabriel's well-known 
method for introducing amino-groups : 


CO, 


■Cf 


(Gabriel et at., Ber. 1887, 20, 2224, 2869 ; 1888, 
21, 506, 2669 ; 1889, 22, 1771 ; 1892, 25, 3036 , 
1893, 26. 2197 j 1902, 35, 3805 ; Osterberg, 
Organic Syntheses, 1927, 7, 78). 

With the Gngnard reagent amides yield 
ketones (Bdis, Compt. rend. 1903, 137, 675 ; 
McKenzie and Wren, J.C S. 1908, 93, 310 ; 
Wren, J.C.S. 1909, 95, 1583). 

(u) Acyl Ilahdes . — Aliphatic acyl chlorides 
oro very readily hydrolysed to the acids when 
brought into contact with water, the reaction 
sometimes proceeding with almost explosive 
violence ; in the aromatic series the reaction 
is much slower and frequently refluxing with 
caustic alkali is necessary to bring about com- 
plete hydrolysis ; the analogous reaction with 
alcohols, yield mg esters, has already been 
discussed. 

Acyl chlorides may be converted into the 
bromides or iodides by saturation with the 
appropriate hydrogen halide, followed by dis- 
tillation (Staudinger and Anthes, Ber. 1913, 
46, 1417 ; Gustus and Stevens, J. Amer. Chem. 
Soc. 1933, 55, 374). Acyl fluondes may bo 
obtained by treatment of the chlorides with 
silver fluonde (Guenez, Bull. Soc. chim. 1886, 
[ih], 5, 887 ; Meslans, Ann. Chim. 1894, [vii], 
1, 405) or with zinc fluoride (Meslans and 
Girardct, Bull. Soc. chim. 1890, [uij, 15, 878 ; 
Borodin, Compt. rend. 1863, 55. 555). 

Acyl cyanides, i.e. a-heto-nitnles, R CO CN, 
are obtained by heating acyl chlorides with 


silver cyanide (Hubner, Annalen, 1861, 120, 
334 ; Claisen el at., Ber. 1878, 11, 1565 ; 18S0, 
13, 2121) or, better, by treatment of the acyl 
chloride with hydrogen cyanide and pyridine 
in an inert solvent (Claisen, Ber. 1898, 31, 1023 j 
Mauthner, Ber. 1909, 42, 188). With silver 
nitrate, acyl nitrates are obtained (Francis, 
J.C.S. 1906, 89, 1 ; Ber. 1906, 39, 3798). 

With diazomethane in ethereal solution acyl 
chlorides yield diazoketoncs (Arndt and Amende, 
Ber. 1928, 61, 1122 ; Bradley and Robinson, 
J.C.S. 1028, 1310 j Bradley, Robinson, and 
Schwarzenbach, J.C.S. 1930, 797), a reaction 
which is the basis of Arndt’s synthetio process 
(see aboie). 

The reaction of acyl chlorides with zinc alkyl 
halides is a very important method of preparing 
ketones : 

RCOCI+R'ZnX -► RCOR'+ZnXCI 
It is carried out in a hydrocarbon solvent, 
usually toluene or petroleum, using ethyl 
acetate as a catalyst (Blaise, Bull. Soc. chim. 
1911, [iv], 9, 1 ; Wohlgemuth, Compt. rend. 
1914, 159, 80). With the Gngnard reagent, 
tertiary alcohols are tho final product, but it is 
possible to atop the reaction at the ketone stage 
(Acree, Ber. 1904, 37, 628 ; Oddo, Ber. 1910, 
43, 1012). 

(ui) A nhydrides. — Anhydrides are, in general, 
hydrolysed much more slowly than are acyl 
halides. The cyclic anhydrides of dibasio acids 
are best characterised by treatment with aniline 
m benzene solution ; the mono-anilides so 
formed are converted into anils on heating : 

,CO. XO NHPh 

r( >-< 

\CO/ \CO.H 

/ C °\ 

-> K NPh 

\co/ 

(Anschutz, Ber. 1887, 20, 3214 ; 1888, 21, 88 ; 
Annalen, 1890, 259, 137 ; Auwers, ibid. 1895, 
285, 227). With 1 molecular proportion of the 
Gngnard reagent, anhydrides yield ketones 
(Fournier, Bull. Soc. chim. 1910, [ivj, 7, 836). 

(iv) Esters. — Esters are usually hydrolysed to 
acid3 by refluxing with caustic alkali either in 
aqueous or in alcoholic solution ; this process 
may be applied to their quantitative determina- 
tion. It is occasionally more convenient to 
carry out hydrolysis by refluxing with dilute 
mineral acids ; certain esters, such as those of 
o-hydroxy and a- ami no -acids, are hydrolysed 
by standing or boiling with water alono 
(Schreiner, Annalen, 1879, 197, 7 ; Findlay et 
at., J.C.8. 1909, 95, 1004 ; 1905, 87, 747 ; 
Fischer, Ber. 1901, 34, 445). Regulation of tho 
amount of caustic alkali used for hydrolysis 
enables poly carboxylic esters to be hydrolysed 
to partial esters (Freund, Ber. 1884, 17, 780; 
Margucry, Bull. Soc. chim. 1905, [iii], 33, 543). 

An analogous reaction is alcoholysis : 

RCO,R'+ R"OH RCO,R"+R'OH 
It may be brought about by heating the alcohol- 
ester mixture in sealed tubes (Friedeland Crsfl*. 
Annalen. 1864, 130, 198 ; 1865, 133, 207 j CrOn, 
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Ber. 1921, 54, 294) or by using sodium alkoxides 
as catalysts (Bouis, J. pr. Chem.- 1857, [i], 72, 
308 ; Ciaisen, Ber. 1887, 20, 646 ; Purdie el 
al, J.C.S. 1888, 53, 391 ; ; 1885,47,855; 1887, 
51, 627 ; Reimer and Downer, J. Amer. Chem. 
Soc. 1921, 43, 945 ; Bainbridge, J.C.S. 1914, 
105, 2297 ; Zemplen and Pacsu, Ber. 1929, 62, 
[BJ, 1613) ; potassium carbonate is also effective 
as a catalyst (Fischer, Ber. 1920, 53, [B], 1634). 

The condensation of esters with one another 
has already been discussed ; esters react similar- 
ly with methyl ketones, 1: 3-diketones being 
formed : 

RCO,Et-fCH 3 -COR' 

RCO-CH 2 -COR'-fEtOH 

This reaction is generally brought about with 
metallic sodium (Ciaisen, Annalen, 1893, 277, 
168 ; Morgan el al, J.C.S. 1923, 123, 447 ; 1924, 
125, 740, 756, 760, 1271 ; 1925, 127, 2620), 
but sodamide may also be used successfully 
(Ciaisen, Ber. 1905, 38, 694). Ketones of the 
type RCO-CHjR' give only poor yields 
(Morgan, Drew, and Porter, Ber. 1925, 58, 336). 

With the Grignard reagent esters yield tertiary 
alcohols : 

R'MgX 

RC0 2 Et > RCR'j-OH 

(Grignard, Compt. rend. 1900, 130, 1322) a 
reaction that has found very extensive appli- 
cation (cf. Perkin, J.C.S. 1904, 85, 654) ; if the 
resulting alcohol is readily dehydrated this often 
occurs during the reaction and the correspond- 
ing unsaturated hydrocarbon is isolated (cf. 
Kay and Perkin, J.C.S. 1906, 89, 839). Dibasic 
esters normally yield di-tertiary glycols (Valeur, 
Compt. rend. 1901, 132, 833 ; Bull. Soc. chim. 
1903, [fit], 29, 683 ; Dilthey and Last, Ber. 1904, 
37, 3640), but, by suitable modification of the 
conditions, the attack of the reagent may be 
confined to only one of the ester groups, yield- 
ing a hydroxy-ester (Hepworth, J.C.S. 1919, 
115, 1203). When aj3-unsaturated esters are 
used the reaction may be complicated by 
addition of the reagent to the double bond 
(Kohler and Heritage, Amer. Chem. J. 1905, 
34, 132 ; 1905, 33, 21, 153). 

(v) Nitriles . — On treatment with alcoholic 
sulphuric or hydrochloric acid in the presence 
of a little water, nitriles yield esters : 

RCN-f R'0H+H 2 0 -j- RCO,R'-f NH 3 

(Bcckurts and Otto, Ber. 1876, 9. 1590 ; 
Pfeiffer and Matton, Ber. 1911, 44, 11-15; 
Spiegel, Ber. 1918, 51, 296 ; Adams and Thai, 
Organic Syntheses, 1922, 2, 27 ; Nelson and 
Crotcher, j. Amer. Chem. Soc. 1928, 50, 2758). 

Nitriles are readily reduced to primary amines 
by sodium and alcohol : 

RCN-f 2H 2 -v RCHj-NHj 

(Ladenburg, Ber. 18S5, 18, 2956 ; 1S86, 19, 
780 ; Wohl and Berthold, Ber. 1910, 43, 21S3 ; 
Suter and Moffett, J. Amer. Chem. Soc. 1934, 
56, 48). Catalytic hydrogenation by the 
Sabaticr-Scndercns method (Compt. rend. 1905, 
140, 4S2) or with platinum or palladium in 
alcoholic solution (Paal and Gcrum, Ber. 1909, 
42, 1553) gives rise to considerable amounts of 


secondary amines ; primary amines are, how- 
ever, the sole product if hydrogenation is carried 
out in acetic acid solution (Bosenmund and 
Pfankuch, Ber. 1923, 56, [B], 2258). 

In dry alcoholic solution nitriles react with 
hydrogen chloride, forming imino-ether hydro- 
chlorides : 

^NH.HCI . 

RCN+ EtOH-f HCI -*■ RC 

^OEt 


(Pinner, Ber. 1883, 16, 352, 1643 ; 1890, 23, 
2917 ; Dos, Organic Syntheses, 1928, 8, 1). 
Nitriles may be converted into aldehydes by 
the following series of reactions : 

HCI H„ 

RCN v RCCl.NH -A* RCH:NH 

H„0 

RCHO+NH 3 

which is usually carried out by adding the nitrile 
to stannous chloride suspended in ether saturated 
with dry hydrogen chloride (Stephen, J.C.S. 
1925, 127, 1874). Under the influence of 
hydrogen chloride and zinc chloride, nitriles 
condense with phenols, forming imines which are 
readily hydrolysed to hydroxy-ketones : 

(OH).C-H.-f RCN-f HCI 

-> (OH),C c H 3 -CR-.NH,HCI 

-> (OH) 2 C 6 H 3 -CO-R-f NH 4 C) 

(Hoesch el al, Ber. 1915, 48, 1122 ; 1917, 50, 
462 ; Stephen, J.C.S. 1920, 117, 1529). 

With the Grignard reagent the first product 
is the ketimine : 


RCN-f R'MgX -> RR'CrNMgX 
H,o 

-U- RR'C:NH-f Mg(OH)X 

which may be isolated if the complex is decom- 
posed with ammonium chloride (Moureu and 
Mignonac, Compt. rend. 1913, 156, 1801). 
Decomposition with dilute acid yields ketones : 

RR'C: N MgX-f 2HCl-f H 2 0 

-v RR'CO-f MgX„-f N H 4 CI 

(Blaise, Compt. rend. 1901, 132, 38 ; 133, 299) 
and it is for this purpose that the reaction is 
generally employed (Shriner and Turner, J. 
Amer. Chem. Soc. 1930, 52, 1268 ; Pratt and 
Robinson, J.C.S. 1923, 123, 748). 

Some nitriles yield amides with hydrogen 
peroxide (Radziszewski, Ber. 1885, 18, 355) ; 
the method is occasionally convenient for pre- 
parative purposes (Noller, Organic Syntheses, 
1933, 13, 94). 

Analysis. — (i) Quantitative . — The equivalent 
of a carboxylic acid is most easily determined 
by titration against NjlO barium hydroxide, 
using plienolphthalcin as indicator. Occasion- 
ally it is more convenient to ignite the silver 
salt and weigh the bead of metallic silver so 
formed ; the analysis of other inorganic salts 
is also sometimes employed for this purpose. 

(ii) Qualitative . — Carboxylic acids are best 
recognised by liberation of carbon dioxide from 
aqueous sodium or ammonium bicarbonate ; 
certain acids are also recognised by character- 
istic calcium, copper, lead, or ferric iron salts. 
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The ineth)l ester, amide, orimide are sometimes 
of value for characterisation ; their preparation 
has already been discussed. 

For purposes of identification anilides and 
p-toluidides of monobasic acids are obtainedi by 
refluxing the acid with 2 vols. of thionyl chloride 
for 30 minutes and then removing the excess of 
thionyl chloride under reduced pressure ; the 
residue of acid chlonde is taken up in dry ether 
and the theoretical amount of the base (aniline 
or p toluidine) is added cautiously in ethereal 
solution. The product is washed with dilute 
hydrochloric acid, when evaporation of the ether 
leaves the derivative, which is usually best cry- 
stallised from water, dilute alcohol, or benzene- 
petroleum. In the case of dibasic acids of the 
succinic or glutaric senes, the anhydride is first 
prepared by refluxing the acid with an excess of 
acetyl chloride for 30 minutes ; the excess of 
acetyl chlonde is removed in rocuo and the 
residual anhydnde is taken up in benzene and 
treated with a slight excess of aniline in the same 
solvent. The amhc acid usually crystallises 
out and may be crystallised from dilute alcohol 
Alternatively the acid is refluxed with an excess 
of aniline for 30 minutes and the resulting 
diamhde crystallised, usually from alcohol. 

p-Bromophenaeyl esters are extensively used 
for the characterisation of carboxylic acids 
(Judefind and Reid, J. Amer. Chew Soc. 1920, 
42, 1044). The acid is not quite neutralised with 
aqueous sodium carbonate and one equivalent of 
a 10% alcoholic solution of p-bromophenacyl 
bromide is added. The product is refluxed for 
30 minutes (longer for polyhasie acids) ; on 
cooling or diluting with water, the p-bromo- 
phenacyl ester separates and may usually be 
recrystalltsed from dilute alcohol. 

Phenacyl (Rather and Reid, J. Amer. Chem. 
Soc. 1019, 41, 75) and p pbenylphenacyl (Drake 
and Bromtsky, J. Amer. Chem. Soc. 1930, 52, 
3718 ; IVrede and Rothbaas, Ber. 1934, 67, 
739) esters have also found wide application. 
Benzylamwe and a-phenj lethylamine salts have 
also been recommended (Buehler, Carson, and 
Edds, J. Amer. Chem. Soc. 1935, 57, 2181) as 
have the p-phenylamlides, which are most 
•vuah) thfatatvL Vy Vue wvih -wtfu p 

xenylamme (Kimura and Nikayashi, Ber. 1935, 
68. [B], 2028). 

Carboxylic esters may be readily character- 
ised by conversion into the corresponding 
anilides by treatment with amlmomagnesium 
bromide, which is easily obtained from aniline 
and ethyl magnesium bromide (Hardy, J.C.S. 
1936, 399). H. N. R. 

CARBROMAL, CARBROMALUM v. 
Ad ALINE. 

CARCINOGENIC HYDROCARBONS. 
The experimental production of cancer was first 
achieved by Yamagiwa and Ichikawa (1915) 
by the application of coal tar to the ear of a 
rabbit, ana later Tsutsui (1918) obtained malig- 
nant tumours by applying coal tar to the skin 
of the back of a mouse. Workers with coal 
tar, mineral lubricating oils, and shale oil are 
susceptible to skin cancer, and it appears that 
the cancer-producing action of coal tar and 
similar substances is due to certain constituents 
of the tar products. Kennaway (J. Path. Bact. 


1924, 27, 233) showed that tars formed from 
isoprene and acetylene at high temperature 
in an atmosphere of hydrogen give strongly 
carcinogenic fractions ana also that carcinogenic 
products are obtained by the action of aluminium 
chlonde on (a) aeety lene, (5) xylene, (c) naphtha- 
lene, (d) naphthalene and brombenzene, and 
(e) tetrahydronaphthalene. Of these (d) and (e) 
gave the most active materials (Bioehem. J. 
1930, 24, 497). Mayneord (1927) found that 
carcinogenic tars are characterised by the posses- 
sion of three bands in their fluorescent spectra 
(at 4,000, 4,180, and 4,400.4), and it was then 
noted by Hieger (Bioehem. J. 1930, 24, 605) 
that 1:2- benzanthracene (I) 


2' 



I. 


gives the characteristic three-handed fluorescent 
spectrum, the spectrum being shifted, however, 
towards the ultraviolet. Kennaway showed that 
1.2 5 6-dibenzanthracene (II) when applied in 
benzene solution to the skin of mice gives nse to 
malignant tumours. 



The rarcwogenic properties of 1.2 56- 
iifuemartfnrawne, bo rydioqsTtorirtj-h.'t’aw..- 
anthracene and closely related compounds have 
been described by Cook, Hieger, Kennaway and 
Mayneord (Proc. Roy. Soc. B. 1932, Ilf, 455), 
Cook (ibid. 485), Burrows, Hieger and Kenns- 
way (Amer. J. Cancer, 1932, 16, 67), Burrows 
(iW. 1933, 17, 1); Barry and Cook (ibid. 1931, 
20, 58). A systematic examination of the 
carcinogenic activities of tetracyclic and penU- 
cyclic aromatic hydrocarbons is descnbed 
in an article by Barry, Cook, H&slewood, Hewett, 
Hieger and Kennaway (Proc. Boy. Soc. B 
1935. 117, 318). The technique by Barry <1 o l. 
(lii d.) for the production of skin cancer **®' 
sisted in applying the substance in solution to the 
interacapular Tegioiv of mice tw ice weekly. 
Usually the compound was applied in benzene 
solution (0 3 g. in 100 ml.). Tests for the pro- 
duction of sarcoma were made by injecting the 
compound tub eutem in a fatty medium, eocn 
as lard. 

Out of the possible six hydrocarbon* cootaw- 
ing four condensed benzene rings, Iiz-beK* 
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anthracene (I), and chrysene (III), are practically 
without activity. 



3:4-benzphenanthrene (IV) gave 12 tumours in 
a series of 20 mice, and it is the simplest hydro- 
carbon yet shown to have carcinogenic activity. 

Out of the 16 possible hydrocarbons containing 
6 condensed benzene rings, 12 have been 
examined, and only 2 (l:2:5:6-dibenz- 

anthracene (II) and 3:4-benzpyrene (V) have 
been found to have pronounced activity. 



Carcinogenic properties in the homologues of 
l:2-benzanthracene are usually shown by 
compounds having substituents at positions 6 
or 0 (see I), position 6 being more favourable, 
but rarely by compounds with Bubstituents in 
other positions. The following tables, I and II, 
taken from an article by Cook (Chem. 
Weokblad, 1935, 32, 563), show the carcinogenic 
activities of various homologues of l:2-benz- 
nnthracene and a list of non-carcinogenic 
homologues of this substance. 


Table I. 


Compound. 

No. of 
mice. 

Tumours 

formed. 

l:2-bonzanthraceno 

86 

1 

4-Me-l:2-bcnzanthracene . 

10 

1 

6-Me-l:2-benzanthraceno . 

10 

7 

6-Me-l:2-bcnzanthracene . 

10 

3 

6:6-diMe-l:2-bonzanthracene . 

20 

16 

6:7-diMe-l:2-bcnznnthracene . 

20 

2 

6-tsoPropyl-l:2-benzanthrucene 

6:6-cycfo-Pentcno-l:2-benz- 

17 

11 

anthracene (VI) .... 
6:7-cycfo-Penteno-l:2-benz- 

70 

26 

anthracene ...’.. 

10 

7 
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Table II. 

Non-Carcinogenic Homologues. 

3-Me-l:2-benzanthracene. 

7-Me-l:2-benzanthracene. 

2'-Me-l:2-benzanthracene. 

3'-M e-l:2-benzanthracene. 

2':6:di Me-1 :2- benzanthracene. 

2':7:di M e- 1 :2-benzanthracene. 

3':6-diMe-l:2-benzanthracene. 

3:7-diMe-l:2- benzanthracene. 

3-isoP.ropyl-l:2-benzantbracene, 

7-i\soPropyl-l:2-benzanthracene. 

10-t‘soPropyl-l:2-benzanthracene. 

A systematic fractionation of 12 tons of coal 
tar pitch was carried out by Hieger, who 
finally obtained a few grams of a pure hydro- 
carbon having powerful carcinogenic properties. 
This was proved by synthesis to be 3:4-benz- 
pyrene (V) by Cook, Hewett and Hieger 
J.C.S. 1933, 395). Results with animal ex- 
periments showed that 3:4-benzpyrene is the 
main carcinogenic constituent of coal tar. 
Sehurch and Winterstein (Z. physiol. Chem. 
1935, 236, 79) have not obtained tumours with a 
tetrahydrobertzpyrene in 150 days, or with 
3'-methyl-3:4-benzpyrene in 270 days. 

The most powerful carcinogenic agent yet 
discovered is methyleholanthrene (VII) : 



VII. 


This substance was prepared independently by 
Wieland and Dane (Z. Physiol. Chem. 1933, 
219, 240), and by Cook and Haslewood (Chem. 
and Ind. 1933, 38, 758) by dehydrogenation of 
dehydronorcholene (VIII) obtained from de- 
oxycholic acid (IX) — a bile acid — by simple 
chemical changes : 



VIII. 
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The conrersion of cholic acid into methyl- 
cholanthrene has been reported by Fieser and 
Newman (J. Amec. Chem. Soc. 1935, 57, 961, 
1602). Considering the fact that cholic acid 
and deoxycholic acid are important acids of 
human bde, the carcinogenic property of methyl- 
cholantbrene is of particular significance in the 
mtiology of human cancer. There 13 no 
evidence so far, however, of the biochemical 
degradation of bile acids into methylchol- 
anthrene. Cholantbrene is also highly carcino- 
genic, solutions of both it and its methyl 
derivative, when painted on the skin of mice in 
0 3% benzene solution, producing epithehomata 
The first tumours make their appearance after 
about 70-80 days (average). The two substances 
also produce sarcomata. 

Morton, Clapp and Branch (Science, 1935, 82, 
134) claim that they have produced malignant 
tumours in mice with two hydrocarbons, 
t tnphenylbenzene, and tetraphenylmethane. 
Triphenylberaene gave sarcomata m 20% of 
the mice tested in 250 days when injected tub 
cutem (Amer. J. Cancer, 1936, 26, 754). The 
carcinogenic activities of these two hydro- 
carbons are not of high order. 

For fuller information on this subject the 
reader is referred to a comprehensive article by 
Cook, Haslewood, Hewett, Hieger, Kennaway 
and Mayneord on “ Chemical Compounds as 
Carcinogenic Agents ” (Report of the 2nd 
International Congress of Scientific and Social 
Campaign against Cancer, Tome I, 1936). 

J. H. Q. 

CARCLAZITE or CARCLAZYTE. A 
name suggested by J. H. Collins (The Hens- 
barrow Granite District, Truro, 1878) for the 
china-clay rock from which china-clay is pre- 
pared. So named from the Carclaze mine, near 
St. Austell, in Cornwall. L. J. S. 

CARDAMOMS. The principal variety of 
cardamoms and that recognised for official 
purposes consists of the seeds obtained from 
EUtlaria Cardamomum Slaton, var. vunurcula 
Burkhill (Fam. Zingibcraretc), a reed like plant 
growing to a height of 4 m or more in the forests 
of Southern India, but also cultivated in Ceylon 
and on the Malabar Coast. Owing to the ease 
with which tho seeds can be adulterated by the 
addition of seeds of other species of cardamoms 
or of other plants, both the British and American 
Pharmacopoeias direct that they shall be re- 
tained in their fruits until required to be used. 
This has the advantage also of preventing the 
evaporation of the essential oil, for which the 
seed is employed. The plants yield a small 
harvest of fruits in their third year, a full crop 
for the next 6 or 7 years, and then begin to decay. 
The fruits are collected from August until April, 
though the largest quantity is gathered between 
October and December, the first fruits being 
both larger in sue and better in quality. 
Generally, the fruits are air-dned, the slower the 
drying the better, as rapid drying causes the 
penis to break open and reduces their market 
value. The colour of the dried fruit should be a 
pale Luff or greenish-buff, though artificially 
dried fruits may be darker. The fruits measure 
from about 6-20 mm. in length, the smaller 
ones being almost globular, whilst the longer 


ones are definitely ovoid or oblong three sided 
pods. Internally, the fruits contain sir rows of 
seeds, a double row in each cell, and us good 
fruits the seeds approximate to about 70% of 
the total weight. Tho seeds are angular, 
and about 4 mm. long and 3 mm. broad. They 
vary in colour from pale to dark reddish brown, 
and are covered by a membranous anl. C&rda. 
moms are strongly aromatic and possess in 
aromatic though somewhat pungent taste. 
They are used chiefly for culinary purposes in 
curry powder, sauces and cordials, and in 
medicine as a carminative. 

Microscopic Appearance, — The seeds show the 
presence of numerous compound angular starch 
grains with 1-7 minute calcium oxalate crystals 
embedded in each mass. The outer epidermis 
cons'ata of long narrow cells with moderately 
thick, straight, or slightly curved walls, and 
more or less pointed ends. Tho sclerenehymatoua 
cells vary from reddish-brown m npe seeds to 
yellow in unripe ones and each cell encloses a 
nodule of silica. These sclerenehymatoua cells 
are not cleared with chloral hydrate, but, in the 
case of ripe seeds, they become almost black 
with alkali, and in that of the unripe seeds, 
reddish brown. The cells of the endosperm 
have thin walls and do not contain calcium 
oxalate crystals. Immediately beneath is a 
layer of thin-walled cells containing the volatile 
oil, but in powdered preparations these are 
frequently ruptured. 

Ckemtcal Composition, — C. Arragon (Ann, 

Falsif. 1915 8, 345) quotes the following 
analyses of two samples of cardamoms . 

Ce>jon MahbH 

Water . . ... 7-8 93 

Ash . . 11-65 46 

Fat 21 18 

Essential oil . ... 33 63 

Protein . . 14 2 11-7 

Fibre 18-7 13 2 

Reducing substances, starch, 

etc 39 7 583 

All figures except water are on the dry 
material. 

The principal constituent of cardamoms is the 
essential oil, and probably the most satisfactory 
method of determining this is by the process of 
Cocking and Middleton (Quart. J- Pharm. 1935, 
8, 435). The crushed seeds are mixed with a 
brine solution, distilled, and the vapours passed 
through the top of a condenser into a graduated 
tube, in which the oil is collected whilst the con- 
densed water js returned to the distillation flask. 
An air inlet or outlet is placed in the circuit 
below the condenser, but above the tube in 
which the liquids are collected. These authors 
find no difference in the yield of oil from the 
whole or crushed seed, though commercial 
powdered cardamom contains rather less oil 
than the whole fruits. Tho fruits contain ft®® 1 
3-4 to 8 0% of oil. For further details of the 
oil, tec Cardamoms, Essential Oil or, . „ 

Standards.— Tho "British Pharmacofcna 
requires that tho seeds shall contain not more 
than 3% of foreign organic matter and that 
their ash shall l>c not more than 6%- The 
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“United States Pharmacopeia ” requires that 
not more than 5% of the ash shall be acid- 
insoluble. 

Adulteration . — Cardamom husks are offered 
periodically in the drug market, and although 
these are not bought openly, they appear to 
find their way into commerce as an adulterant, 
and should be recognised by the pitted fibres and 
the spiral cells of the fibro-vascular bundles. 
They also show empty parenchymatous cells. 
Ceylon fruits derived from E. Cardamomum, var. 
major Thwaites, are regularly sold in the market 
and may be readily distinguished by the fact 
that they are long and not ovoid, by their 
shrivelled appearance and their dark greyish- 
brown colour. T. McL. 

CARDAMOMS, ESSENTIAL OIL OF. 
The oil distilled from the whole fruits of Elettaria 
Cardamomum Maton, cultivated in Ceylon, 
Mysore, Travancore, and Cochin on the tea and 
rubber estates. Tho cardomom oil of com- 
merce was formerly distilled from the wild 
cardamoms of Ceylon. 

Composition . — The oil contains cineole, ter- 
pinenol, terpinene limonene, sabinene, and 
torpineol in the form of formic and acetic esters. 

Characters . — It is a colourless or pale yellow oil, 
sp.gr. 0-923-0-945 at 15-5°, a™ +20° to +44°, 
1-461-1-467. Ester value 90-156. Soluble 
in 4 vols. 70% alcohol. It is used as a 
flavouring agent and has carminative properties. 

CARDIAC GLYCOSIDES. The 

grouping together of the cardiotonic drugs is 
justified not only by their common characteristic 
action on tho heart, but also by the close 
chemical relationship existing between all 
mombere of the group so far investigated. With 
tho exception of the alkaloid erythrophleine 
and the toad poisons (v. infra), all theso drugs 
aro non-nitrogenous glycosides of plant origin 
yielding on hydrolysis various sugars and a 
number of structurally similar aglycones or 
“ gonins.” Although apparently limited in 
number, plants yielding such glycosides are of 
wide geographical distribution ; the majority 
belong to tho natural order Apocynacess, but 
representatives of other families ( e.g . Scro- 
phulariaoeaj, Ranunculacote, Liliaceoe) also 
contain cardiac glycosides. Extracts of some 
of these plants (e.g. Digitalis) have long been 
used in medicine as heart stimulants, while 
others (e.g. Strophanihus) furnish the arrow 
poisons of primitive races. Tho parts of the 
plant used for extraction of the glycosides 
vary in tho different species, e.g. leaves and 
seeds (Digitalis), seeds (Slrophanlhus), bulbs 
(squill), flowers (lily of the valley), bark 
(ouabaio). 

Only in a few cases (e.g. Digitalis purpurea, 
D. lanala, squill) have the original glycosides 
present in tho various plants been isolated. 
These aro water-soluble, often amorphous 
substances with a high glucose content, and are 
accompanied in tho plant by specific enzymes 
capable of hydrolysing them to simpler glyco- 
sides. Unless tho utmost precautions are taken 
to prevent enzyme action, hydrolysis occurs in 
varying degree during extraction. Hence crude 


extracts generally contain a complex mixture 
of amorphous and crystalline glycosides the 
composition of which varies with the conditions 
of extraction. For this reason much of the 
earlier literature on the cardiac glycosides is in a 
confused state. It is, however, possible, by 
controlled enzymatic action, to isolate a number 
of crystalline derived glycosides, and it is on 
these that most of the chemical work has been 
done. During this partial hydrolysis a con- 
siderable part of the physiological activity is 
lost. This may be due partly to decrease in 
solubility and partly to isomerisation of the 
aglycone by enzymatic action, e.g. isomerisation 
of cymarin to the inactive alio - cymarin in 
Strophanihus Kombe extracts (Jacobs, J. Biol. 
Chem. 1930, 88, 519). The crystalline glycosides 
obtained from any one plant may be derived 
from one aglycone (e.g. Slrophanlhus Kombe) 
or from several (e.g. Digitalis). 

Sugars of ike Cardiac Qlycosides . — Only a 
few simple sugars are represented in the carbo- 
hydrate part of the glycosides, the diversity of 
the latter being due to differences in tho 
aglycones and to variation in the number and 
mode of attachment of the sugar residues. In 
addition to glucose and rhamnose, four sugars 
peculiar to the group have been found. 

Digitoxose, C 6 H 12 0 4 , has structure I (Micheel, 
Ber. 1930, 63, [B], 347) and cymarose (II) is its 
methyl ether (Elderfield, J. Biol. Chem. 1935, 
111, 527). Sarmentose, C 7 H 14 0 4 , is isomeric 
with cymarose (Jacobs and Bigelow, J. Biol. 
Chem. 1932, 95, 355), but the configuration and 
position of tho methoxyl group have not been 
determined. Digitalose, C r H 14 0 5 , may be a 
methyl ether of rhamnose (Schmidt and Zoiser, 
Ber. 1934, 67, [B], 2127). By mild hydrolysis of 
certain cardiac glycosides some hitherto un- 
known disaccharides have been obtained, e.g. 
strophanthobioso (from Strophanihus) and scilla- 
biose (from squill). 
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Structure or Aglycones. — Detailed investi- 
gations by various workers, particularly Jacobs 
and Tschesche and their collaborators, have 
thrown much light on the structure of the 
cardiac aglycones, and for a number of them 
structural formula; have been advanced which 
are probably correct in all essential features. 
All the aglycones investigated are unsaturated 
hydroxy-lactones containing 23 carbon atoms 
(with the exception of scillaridin A, which has 24) 
and are structurally similar. The following list 
includes those for which fairly well established 
structural formula; are available : 
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Strophanthidin, C 33 H 31 0 ( . 

Uzarigenin, C«H„0 4 . 

Digitoxigenin, C 13 H 34 0 4 . 

Gitoxigenin, C 13 H 34 O s . 

Digongenin, C 33 H 34 O s . 

Penplogenin, C n H 34 Oj. 

Scfllandin A, C 14 H 3B O s . 

The Btrnctural similarity of the above C 33 
aglycones was shown by the conversion of 
several pairs into identical compounds by 
suitable reactions. In this -way identity of 
the carbon skeleton was shown for : 

(а) Penplogenin and strophanthidin (Jacobs, 
Elderfield, Grave and Wignall, J. Biol Chem 
1931, SI, 617). 

(б) Periplogenmand digitoxigenin (Jacobs and 
Elderfield, J. Biol Chem. 1931, 92, 313). 

(c) Tenplogenin and uzarigenin (Techesche, Z. 
physiol. Chem. 1933, 222, 60). 

(d) Digitoxigenin and gitoxigenin (Jacobs and 
Gustus, J. Biol. Chem 1930, 86, 199) 

(e) Digitoxigenin and digoxigenm (Tschesche 
and Bohle, Ber. 1936, 69, 793). 

In a senes of investigations by Jacobs and his 
collaborators first on strophanthidin and later on 
other agly cones (in J Biol. Chem. 1927-1931) it 
was shown that all these compounds are lactones 
of y-aldehydo acids , » t they are A^ y -y-lactones. 
In each case the lactone group forms a separate 
side chain attached to the rest of the molecule by 
its ^-carbon atom, and on the presence in it of a 
double bond depend thB colour reactions with 
sodium mtroprusside and with Tollens’ reagent 
(Jacobs and Hoffmann, J. Biol. Chem. 1925, 
67, 333), common to the aglycones and the 
parent glycosides. Under the influence of alkali 
the aglycones undergo a remarkable rearrange- 
ment giving the woaglycones (Windaus and 
Hermanns, Ber. 1915, 48, 993). This reaction, 
in which the lactone group and an adjacent 
tertiary hydroxyl ore involved is formulated by 
Jacobs as follows . 

CHj— C— ^ ch( CH.-CH CH 

II! \ f -*■ I I L 

CO CH HO-C( CO CH C( 

\o/ N '0 // ' v o // 

The woaglycones, though still lactones, no 
longer possess the double bond of the original 
compound, into which they are reconverted by 
acid. 

By selenium dehydrogenation of uzarigenin 
(Tschesche and Knick, Z. physiol Chem. 1933, 
222, 68) and of strophanthidin (Elderfield and 
Jacobs, J. Biol. Chem. 1034, 107, 143), a 
hydrocarbon, C u H t|l is obtained, identical 
with methyl cyefopentenophenanthrene, ob- 
tained by a similar process from sterols. The 
fundamental similarity between the carbon 
skeleton of the cardiac aglycones and that of the 
sterols and bile acids suggested by this result 
has been finally established by the progressive 
degradation of certain aglycones to bile acid 
derivatives. Thus digitoxigenin can be degraded 
to setiocholanic acid, C t0 H 3(1 O| (Jacobs and 
Elderfield, Science, 1934, 80, 434), and uzan- 
genin to letioaHocholawc acid, C t0 H 38 O, 


(Tschesche, Angew. Chem. 1934, 47, "23 • 
Z. physiol Chem. 1934, 229, 219 ; Ber. 1935,63* 
p3], 7), both acids of known structure (n. Bag 
Acids). As a result of this work the carbon 
skeleton of the cardiac aglycones and the point 
of attachment of the lactone side chain arc 
established beyond doubt. 

Taking into consideration the results of other 
degradative experiments on the aglycones, mo- 
aglycones, and the numerous anhydro- denva. 
tives produced by their partial dehydration 
it is possible to allot structural formula to the 
aglycones. This haa been done for a number of 
them, and there is little doubt but that the 
formula are substantially correct, although 
the disposition of the hydroxyl groups may be in 
some cases uncertain. The results of X ray 
crystallographic examination of cardiac agiy. 
cones support the formula; advanced (Bernal 
and Crowfoot, J.S C.I. 1934, 63, 953). 

For strophanthidin the following formula has 
been proposed (Tschesche and Kmck, Z. 
physiol. Chem. 1934, 229, 219; Jacobs and 
Elderfield, J. Biol. Chem. 1935, 108, 497;Kon, 
J.S.C.I. 1934, 53, 593, 956) : 

HC O 



Strophanthidin contains one aldehyde group 
and three hydroxyls, of which two are tertiary. 
The hydroxyl at C J4 is common to all the 
aglycones and is concerned in the formation 
of the oxide ring in the woaglycones. The 
positions of the other hydroxyls vary in different 
aglycones and the aldehyde group at C,, in 
strophanthidin is frequently replaced by a 
methyl group. The structure of other members 
is as follows : 

Penplogenin has a methyl at C| 9 in place 
of the aldehyde group in strophanthidin, the 
disposition of hydroxyls being the same 
(Techesche and Knick, l.e. ; Jacobs and Elder- 
field, lx.). 

Digitoxigenin haa a methyl at C. 0 ana 
hydroxyls at C, and C. 4 (Tschesche and 
Knick, l e . ; Jacobs and Elderfield, l c.). 

Gitoxigenin differs from digitoxigenin inhaving 
an additional hydroxyl at C». (Techesche and 
Knick, / e.; Jacobs and Elderfield, l e.). andd/g»« 
gemn is similar but has the additional hydroxyl at 
C.. (Tschesche and Bohle, Ber. 1 936, 69, [B], 793). 

Uzarigenin is a stereoisomer of digitoxigenin 
(Tschesche and Bohle, Ber. 1935, 68, (BJ, 2252). 

Little work has been done on the etereo* 
chemistry of the \arioua aglyconea, but it would 
seem thst uzarigenin belongs stereochemical 1 / 
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to the sterol series and the others investigated 
to the bile acid series (c/. Tschesche and Bohle 
Ber. 1935, 68, [B], 2252). 

The structure of scillaridin A has been largely 
elucidated by Stoll and his collaborators (papers 
in Helv. Chim. Acta. 1933-1935). This aglycone, 
although an unsaturated lactone, does not give 
a coloration with sodium nitroprusside. It 
contains only one free hydroxyl which is tertiary 
and can interact with the lactone group, giving 
an isoaglycone. Reduction of scillaridin A 
or its anhydro-derivative causes opening of the 
lactone ring giving in the case of the latter 
a-scillanic acid, C„,H 40 O 2 , identical with alio- 
cholanic acid {«. Bile Acids, also Stoll, Hof- 
mann and Helfenstein, Helv. Chim. Acta, 1935, 
18, 644). Scillaridin A has thus the same carbon 
skeleton as the other aglycones, and the pro- 
duction from it of allocholanic acid shows that it 
belongs to the sterol series. Moreover, the extra 
carbon atom of scillaridin A must be accommo- 
dated in the lactono grouping. Stoll and his 
collaborators embody their results in the 
following formula for scillaridin A, in which only 
the position of the double bonds is to be regarded 
us uncertain. 


CH, 


O 

HC CO 

I Jh 

CH, / 


CH, 


CH 


H e C 




CH CH 




CH S 

-CH, 


H 2 C 


/ /"I 

C C OH 


H,C 


i in 


\ / 'S/ 

CH 2 CH 


Tlie positions of the points of attachment of the 
sugar residues in the various glycosides have not 
yet been determined although tentative sugges- 
tions have boen made for certain members of the 
group (Jacobs, Stoll, and Fieser). 

Physiological Action and Methods or 
Assay. — The cardiac glycosides are principally 
used in medicino for their action on the heart ; 
they slow tho beats and make them more power- 
ful and regular so that the output is increased. 
Their first appearance in scientific medicine 
wns about 1775, when Withering introduced 
tho foxglovo (D. purpurea), a plant which had 
for long been used ns a popular remedy for 
dropsy. Chemical methods for tho assay of 
plant extracts containing cardiac glycosides are 
unsatisfactory, and biological methods are 
usually employed. Of theso the commonest is 
the “ timeless ” mothod of Straub (Arch. exp. 
Path. Pliarm. 1916, 80, 52) based on the original 
procedure of Houghton (J. Amer. Med. Assoc. 
1898) in which the minimum amount is deter- 
mined which will arrest the frog’s heart in systole 
(frog dose=F.D.). For a detailed account of 
tho pharmacology of these compounds, see 
Weese, “ Digitalis ” (Leipzig, 1936). Tinctures 


of digitalis and strophanthus are standardised 
biologically in the British and United States 
“Pharmacopoeias.” In both cases the standards 
used are based on the standard preparations 
of digitalis leaves and ouabain adopted under 
international agreement (League of Nations). 

Although the aglycone is undoubtedly tho 
specific carrier of the activity, this activity is 
enormously increased, and in some respects 
modified by combination with sugars in the 
glycosides. The glycosides become irreversibly 
attached to the heart muscle, while the aglycones 
are distributed between the surrounding fluid 
and the muscle cells, so that a heart brought by 
them to systolic standstill may be restored by 
washing out. Accordingly, for therapeutic 
purposes the aglycones are practically worthless. 

A few observations have been made on the 
effect of chemical change on the activity of.the 
aglycones. Thus hydrogenation or hydrolytic 
opening of the unsaturated lactone ring prac- 
tically destroys activity, as also does isomerisa- 
tion to the tsoaglycones. Changes affecting the 
lactone ring may be partly responsible for the 
frequently observed deterioration of digitalis, 
and other preparations on keeping. 

Colour Reactions. — The cardiac glycosides 
give characteristic colorations with a mixture 
of concentrated sulphuric acid and glacial 
acetic acid containing a little ferric chloride 
(Keller, Ber. Pharm. Ges. 1895, 5, 275). An 
indigo-blue coloration in this reaction indicates 
the presence of digitoxoso. A modification of tho 
above is the BO-called Keller- Kiliani reaction 
(Kiliani, Arch. Pharm. 1896, 234, 273). Ekkert 
(Pharm. Zentr. 1934, 75, 228) indicates a re- 
action for digitalis glycosides using various 
phenols. Cardiac glycosides generally give 
characteristic colours with Liebermann’s chole- 
sterol reagent (acetic anhydride-f sulphuric 
acid). The following reactions are characteristic 
of the unsaturated lactone group in glycosides 
and aglycones : 

Legal Reaction, — A deep red colour is developed 
with alkaline sodium nitroprusside (Jacobs and 
Hoffmann, J. Biol. Chem. 1926, 67, 609). 

Tollens -Reaction.-— Aglycones and glycosides 
reduce ammoniaeal silver nitrate solution 
(Jacobs and Hoffmann). 

Baljel Reaction . — Alkaline picric acid produces 
a red orange colour (Baljet, Schw. Apoth.-Ztg. 
1918, 56, 84). 

The various strophanthins may be differen- 
tiated by their colour reactions with 80% 
sulphuric acid (see Ekkert, Pharm. Zentr. 19’30, 
71,724; 1931,72,388). 

Digitalis (Scrophulariacem). — Various species 
of Digitalis yield cardiac glycosides, but only 
D. purpurea iB official in the “ British Pharma- 
copoeia ” and “ United States Pharmacopeia.” 

Digitalis purpurea Linn. (Foxglove). — Only 
the leaves are official, Digitalis Folia, “ British 
Pharmacopoeia ” ; Digitalis, “ United States 
Pharmacopoeia.” The seeds have a similar 
action due, however, to different glycosides. 
Foxglove is a biennial plant and the activity 
of cultivated plants remains fairly constant up 
to the flowering period. The “ British Pharma- 
copceia ” prescribes leaves from plants beginning 
to flower. For culture, harvesting and con- 
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serration, see Newcomb (Amer. J. Pharm. 1917, 
89, 14"), Mature plant3 from different localities 
vary in their glycoside content (Straub, Arch. 
Pharm. 1917, 255, 198). 

From the leaves and seeds a number of 
glycosides of varying complexity have been 
isolated, but it is probable that the list of such 
compounds is not yet complete. In the Eeeds 
the cardiac glycosides are accompanied by a 
number of sapomns, e g. digitonin, gitonin. 
The first to isolate a crystalline preparation 
from the leaves was Nativelle (J. Pharm. 
Chim 1869, (iv), 9, 225 ; 1872. (ivj, 16, 430; 
1874, [iv], 20, 81) whose digitaiine cnsfaBtsfe 
consisted largely of the glycoside now known as 
digitoxin. Although a certain number of well- 
defined crystalline glycosides (digitoxin, gitoxm, 
gitalin, digitahn) were later isolated, the 
discrepancy between the activity of these com- 
pounds and that of the complete drug led Perrot 
and Goris (Bull Acad, Med 1909, 61, 681 ; 
62,97, Bull Sci. Pharmacol. 1931,38,7 ; Progres 
Med. 1933, 354) to the conclusion that the drug 
itself contained substances with a higher sugar 
content. The correctness of this view was 
established by Stoll and Kreia (Helv. Chim. Acta 
1935, 18, 120), who isolated two amorphous 
glycosides which they consider to be compounds 
actually present m the leaves. Of these, 
purpurea glycoside A (activity 690 F.D./mg.) 
yields on enzymatic hydrolysis digitoxin and 
glucose, while purpurea glycoside B (activity 
315 F.D./mg ) gives similarly gitoxm and glucose. 
Table I gives a survey of the crystalline glyco- 
sides obtained from D. purpurea. 


Glycoside | 

Sugars 

Aglycone 

Digitoxin 

Dlgitoxose 

Digitoxigenm 

Citoxin. 

„ 

Gitoxigcnin 

Gitalin 

DigitaIose+ 

Glucose 

Gitahgenin 

Digitahn. 

Digitahgenin 


Dip i toxin /digitaiine aystalhs^e). — Extracted! 
from leaves with alcohol. Nacrous angular 
plates, m p. 255°-257 8 (Windaus and Freese, 
Ber. 1925, 58, fBJ, 250G). Sparingly soluble in 
water, soluble in alcohol and chloroform. It is 
hydrolysed according to the following equation 
(Windaus and Stem, Ber. 1928, 61, [BJ, 2436) : 

C«H M O I ,+ 3H,0 = C M H 14 0 1 +3C 4 H lt 0 1 

Digltoxlgeoln Dlgitoxose 

Digitoxigewn has m p. 250° and yields an- 
hydro-denvatives with HC1 (Smith, J.C.S. 
1935, 1050). Digitoxose has m p. 112®, [a]” 4l 
-f-55 6° (Smith, J.C.S. 1030, 508). For structure 
of aglycone and sugar, see above. Digitoxin gives 
the Keller-Kiham reaction. Activity 200-300 
F.D./mg. 

Qitoxin . — First isolated in an impure state 
from an aqueous extract of the leaves by Kraft 
(Arch. Pharm. 1912, 250, 118) who described it 
under the name “ anhydrogitahn.” A glycoside 
obtained as a by-product by Merck in the manu- 
facturc of digitoxin was considered by Kiliani 


(Ber. 1915, 48, 335) to be different from anhydro- 
gitahn, but was -shown to be identical with it 
by Windaus and Schwarte (Ber. 1925, jj 
1515). These authors gave it the name gitoim| 
by which it is now generally known. Gitoxiii 
forms needles, m p 266°-269 “(Windaus), 285“, 
(Smith, Cloetta), very sparingly soluble in water, 
alcohol, or chloroform. Its purification and 
properties are described by Windaus and 
Schwarte (i c ), Windaus, Westphat and Stem 
(Ber. 1928, 61, 1847), andSmith (J.C.S. 1931,23). 
It hydrolyses according to the scheme : 
C*|H„O u +3H t O=C„H S4 0 5 +3C t M li O l 

Gltoxlgcnln Dlgitoxose 

Gitoxigenm (structure above), has m p. 224“- 
225°, leaflets, and with alcohoho HCI yields 
digitaligemn (see below) by loss of 2H.O. 
Gitoxm gives the Keller-Kiliam reaction and is 
about half as toxic as digitoxin in the frog test. 
Cloetta’s “ bigitabnum crystallisatum ” is 
identical with gitoxm. Activity e. 100 F.D /mg 

OitaUn. — This leaf glycoside was described by 
Cloetta (Arch. exp. Path. Pharm. 1926, 112, 261) 
under the name “ gitalinwm crystaUisatum.” 
Needles, m.p. 245°-247°, much more soluble tban 
gitoxm. It hydrolyses according to the follow, 
mg equation (Windaus, Arch, exp Path. Pharm. 
1928, 135, 253; Jacobs and Gustus, J. Bid. 
Chem. 1028, 79, 655) : 

C ss H 68 O„+2H a O=C„H 3 ,0 < +2C e H ll 0 4 
Qltallgenln. Dlgitoxose 

Gitahgenin, m p. 222°, gives on acylation and 
reduction the same products as gitoxigenm. 
Windaus {l c.) considers it to be a hydrate of 
gitoxigenm. Gitalin gives the Keller-Kiham 
reaction. Activity c. 110 F.D./rag. 

Digmxn. — Karrer (“Bareli Festschrift,” p. 
238 ; Basle, 1936) isolated this inactive glycoside 
together with two as yet uncharacterised highly 
active substances from D. purpurea leaves. 
Digimn, colourless prisms, [a]“ —176”, although 
inactive, gives the colour with sodium nitro- 
prusside characteristic of the /Jy-unsaturated 
lactone group. It yields on hydrolysis dlgitoxose 
and an unidentified aglycone. 

Digitahn. — The seeds of D, purpurea contain 
active glycosides which are accompanied by 
sapomns (e g. digitonin, gitonin). Only one of 
these active principles has been recognised as an 
individual. This is the digitahn of Schnuede- 
berg (Arch. exp. Path. Pharm. 1874, 3, 27), 
which has since been investigated by Kikani, 
who isolated it from the Digitalis pur. pule. 
germantcum of Merck. He named it digitahnum 
verum, and showed that it gave on hydrolyse 
digitaligemn, glucose, and digilalose. The more 
recent n ork of Windaus (Nachr. Ges. Wu» 
Gdttingcn, 1927, 422) caused a revision of 
Kiham’a formula. It hydrolyses according to 
the following equation (Windaus, Westphab sod 
Stein, l.c. ; Windaus and Haack, Ber. 1928, 61, 
1849; 1929,62,475): 

Cj«Hj 4 Oj,+ 2HjO u . 

-C„H„O J +C,H„O,+ C,H„0, 

Digitalose 

C„H 14 0 4 -► CjjHjjOj+SHjO 

Citoxigenln Digits II genln 
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Digitalin usually forms granules, imp. 210°- 
217°. It is sparingly soluble in water (1 : 1,000) 
and readily so in alcohol. The saponins which 
accompany it in the seeds affect the solubility 
in some way, for the mixture of digitalin and 
saponins is readily soluble in water. Digitali- 
genin, m.p. 210°-212°, is not the primary pro- 
duct of hydrolysis, but results from the dehydra- 
tion of initially formed gitoxigenin. Digitalose 
is a syrup (for constitution, see p. 381). Activity 
of digitalin c. 75 F.D./mg. 

Digitalis lanata Elirh. — A native of the Bal- 
kans, this plant is cultivated in Western Europe, 
and is now an article of commerce. The leaves 
are 3-4 times more active than D. purpurea. 
Smith (J.C.S. 1930, 508; 1931, 23) obtained 
from the leaves gitoxin and a new isomeric 
glycoside digoxin. Mannich, Mohs, and Mauss 
(Arch. Pharm. 1930, 268, 453) found four 


glycosides all different from those of Smith. 
The nature of the lanata glycosides has, however, 
been made clear mainly by the work of Stoll and 
Kreis (Helv. Chim. Acta, 1933, 16, 1049, 1085, 
1390 ; 1934, 17, 592). Fresh leaves were ground 
with a neutral salt to inactivate hydrolytic 
enzymes and the product extracted with ethyl 
acetate until the extract gave no Keller-lviliani 
reaction. From the mixture of glycosides 
(digilanide) three isomorphous crystalline glyco- 
sides A, B, and C were obtained with activities 
690, 540, and 640 F.D./mg respectively. The 
crude digilanide contains 46% A, 17% B, and 
37% C. Unlike the purpurea glycosides, each 
of these substances contains an acetyl group. 
By controlled hydrolysis Stoll and Kreis were 
able to obtain a number of less complex 
glycosides as indicated in the following scheme : 


Digilanide A 

alkali 

Deacetyldigilanide A 

enzymatic 

hydrolysis 

Digitoxin. 

(—acetyl) 

(= Purpurea Glycoside A) 

(—glucose) 

Digilanide B 

alkali 

Deacetyldigilanide B 

enzymatic 

hydrolysis 

Gitoxin. 

(—acetyl) 

(= Purpurea Glycoside B) 

(—glucose) 

Digilanide C 

alkali 

Deacetyldigilanide C 

enzymatic 

hydrolysis 

Digoxin. 

(—acetyl) 

(-glucose) 


Mannich’e lanadigin is a mixture of digilanides 
A, B, and C, in which C preponderates (Arch. 
Pharm. 1934, 272, 5). 

Digoxin . — First isolated by Smith ( l.c .). 
It has m.p. 265° and is isomeric with gitoxin. 
On hydrolysis it yields I mol. digoxigenin, 
m.p. 222°, and 3 mols. digitoxose. It gives the 
Keller-Kiliani reaction, and is readily soluble in 
dilute alcohol. Activity 650 F.D./mg. 

Strophanthus (Apocynaceaa). — Many stro- 
phanthus species are known to contain cardiac 
glycosides, but only the following seem to have 
been thoroughly investigated. 

Strophanthus KombL — Fraser (Trans. Boy. 
Soc. Edin. 1887, 35, 955) was the first to 
obtain an amorphous water-soluble active 
glycoside mixture from the seeds. Jacobs and 
Hoffmann (J, Biol. Chem. 1926, 67, 609; 69, 
153) showed that all the glycosides are made up 
of strophanthidin combined with cymaroso and 
varying amounts of glucose. They separated 
the crude mixture into an amorphous it-stro- 
phanthin soluble in water and a crystalline 
sparingly solublo fc-strophanthin. 

Crystalline k-strophanthin was shown by 
Jacobs and Heidclbcrger (J. Biol. Chem. 1922, 
54, 253) to consist of a mixture of chloroform- 
soluble cymarin and chloroform insoluble k- 
strophanthin-/!. 

Amorphous k-strophanthin is a mixture of 
glycosides derived from cymarin by addition of 
varying amounts of glucoso (Jacobs and Hoff- 
mann, l.c.). 

Cymarin . — Crystallises in prisms, m.p. 138°- 
148°. It hydrolyses according to the scheme : 

C 3 oH 4l 0 0 -fH 2 0 = C 23 H 32 0 B +C.H I4 0 4 

Strophanthidin Cymaroso 

Von. II.— 25 


Strophanthidin has m.p. 171°-175° (for constitu- 
tion of aglvcone and sugar, see pp. 382 and 381). 
Cymarin also occurs in Apocynum cannabinum 
(v. infra). It has an activity of c. 1250 
F.D./mg., whereas strophanthidin has only 400 
F.D./mg. (Straub, Biochem. Z. 1916, 75, 132). 

k-Strophanthin-8 has m.p. 1 50°-151°, and is 
readily soluble in water. It hydrolyses according 
to the equation : 


=c m h m o,+c,h u o 0 + 


Strophan- Glucoso 
tliidiu 


C 7 H 14 0 4 

C'ymarosp 


£-Strophanthin-/3 is thus a gluco-cymarin. 
Activity 1300-1500 F.D./mg. (Straub, l.c.) 

Jacobs (J. Biol. Chem. 1930, 88, 519) found in 
extracts of S. Kombe seeds a third glycoside, 
allocymarin, m.p. 145°, which was physiologically 
inactive. This substance is believed to owe its 
origin to enzymatic isomerisation of cymarin 
in the extraction process ; it hydrolyses to 
cymarose and aXlostrophanihidin, m.p. 248°. 

Strophanthus hispidus DC. — Jacobs and Hoff- 
mann (J. Biol. Chem. 1928, 79, 531) showed 
that the seeds yield a complex mixture of 
strophanthidin glycosides, of which cymarin 
forms a part. Tschesche (Ber. 1935, 68, [BJ, 423), 
however, obtained a mixture of glycosides 
which could not be crystallised, but gavo on 
hydrolysis anhydro- derivatives of two aglycones 
hispidogenin-A, C 23 H 34 O b , and hispidogenin-ii, 
C 23 H 34 Og. 

Strophanthus Emini . — The seeds contain a 
mixture of glycosides investigated by Jacobs 
and Bigelow (J. Biol. Chem. 1933, 99, 521). 
The more readily liydrolysablc glycosides were 
not isolated in crystalline form, but yielded on 
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hydrolysis strophanthidin and penplogenui, the 

agl) cone of periplocymarin (see Penploca grata) 
From the more stable portion of the crude 
mixture a monoside, C 3() H la 0 4 , and a bio«ide, 
C*|H si Oi 4 , were isolated. Both of the«e are 
derived from an aglycone, «lucb could only he 
isolated as its tnanhydro derivative, isomeric, 
but not identical with trianhy dropenplogenm 
The monoside 3 leldx a sugar, CjH j,O s , identical 
or isomenc with digitalose (sec p. 381) The 
bioside yields, m addition, glucose 

Strophanthus gratus ( = Strophanthus glaler), 
— Arnaud (Compt rend 18SS, 107, 1162 , 1898, 
126, 346, 1208, 1280, 1684, 1873) obtained from 
the seeds the crjstalline glycoside ouabain, 
w hich he firet discovered in the roots and bark of 
the ouabaio tree { Acolanthera Ouabato ) of East 
Africa. The identity of the two products was 
finally established by Thoms (Ber. Pharm 
Ges. 1904, 14, 104) who applied to it the name 
g-strophanthtn to distinguish it from k-(fkowifie')- 
elrophanthin On account of its accessibility in a 
pure condition, ouabain has been adopted as a 
standard for the biological assay of strophanthus 
preparations. Purification and physical con- 
stants are described by Scbwartze, Harm and 
Keenan (J. Pharm Exp Ther. 1929, 36, 481) 
Plates, m.p. 185°. Hydrolyses according to the 
following equation (Jacobs and Bigelow, J 
Biol Chem 1932,96,647)- 

c,.H„o ll +H,o-c„H„o 1 +c,H 1 ,o, 

Oml'igcnlu Khamnose 

Ouabagenin is very sensitiv e to acids and has 
only been crystallised in the form of anhydro 
derivatives A complete structural formula for 
ouabain ha9 been put forward by Fieser and 
Newman (J Biol Chem 1936, 114, 705) 
Activity 2,000 T D /mg. It is soluble in water 
and dilute alcohol, and insoluble in ether, 
chloroform or absolute alcohol. Ouabam gives 
characteristic colour reactions (Ekkert, Pharm 
Zentr. 1930, 71, 724 , 1UJI. 72, 388) 

Strophanthus sarmenloius DC — The seeds con- 
tain a mixture of glj cosides from w Inch by enzy- 
matic hydrolysis glucose and sarmentocymann 
are obtained (Jacobs and Heidelbergcr, J. Biol 
Chem 1929,81,765) Sarmentocymann, prisms, 
m p. 130°, is soluble m chloroform and sparingly 
so m water It hydrolyses very readily with 
acid9 to give sarmentose, C 7 H )4 0 4 (sec p. 381), 
and sarmentogenm, C 13 H 34 0 5 , prisms from 
dilute alcohol, m p. 203 S -2G6 9 (anhydrous). 

Apocynum (Apoeynaceie) — Canadian hemp 
(Apocynum cannabinum) has long been known to 
possess cardiotonic activ ity Taub and Ficke- 
wirth (Bayer, D It P 255037, 1912) were the 
first to isolate from it cymann (see <S A’omie) 
identified as a glycoside of strophanthidin by 
Wmdaus and Hermanns (Ber. 1915, 48, 979, 
991). Cymann was also obtained from other 
species of A pocynum (a ndrasxmtfoliu m, lentlum) 

Nerium Oleander Linn. (Apoeynaceie) — Of the 
active glycosides obtainable from the leaves 
cleandrsn (Wmdaus and WestphnI, N’achr. Ges. 
Wiss. Gottingen, 1923, 78) has been definitely 
characterised. The glycoside folinerin (Fluiy 
and Neumann, Klin. Woch. 1935, 14, 5C2) has 
been shown to he identical with oleandnn 


(Neumann, Ber. 1937.70, [Bl, 1547): Tachesthe 
ibid. 1937, 70, [B], 1554). 

Oleandnn . — Needles, m.p. 249°; hydrolyses 
according to the following equation (Neumann. 
I c. ; Tschesche, / c.), 

C 3 iH J8 0 9 +H l O = C t5 H sg O e +C 7 H u O J 

Olcandngcnln Oteanilrose 

Oleandrose has not yet been characterised. 
Oleandngcnm is a monoacetyl derivative of 
gitoxigemn, the acetyl group being attached to 
the C 14 hydroxyl (Tschesche, l e.). 

Oleandnn has activity 1,200 I'.D/mg. (Flury 
and Neumann, l.c.). According to Neumann 
(/ c.) oleandnn is accompanied in the leaves by 
another glycoside, adynenn, in p. 234°, which, 
like allocywiorin (see aboie), is inactive. 

Thetetia nereifoha (—Cerbera Thevttia Linn) 
(Apoeynaceie). — The nuts of the ahouai tree 
of the West Indies contain a mixture of glyco- 
sides, the main constituent being theietin, 
CjgHijOjj, m p. 193°, soluble in alcohol and 
sparingly so in water (Chen and Chen, J. Biol. 
Chem. 1934, 105, 231 ; J. Pharm. Exp. Ther. 
1934, 51, 23). Activity 200 FD/mg. It is 
present in the nuts to the extent of 3 6-4% 
Little is known of the other glycosides, 
nemfohn, m p. 189°, and ahotiam, m p, 1-44°, 
described by Chen and Chen 

Penploca Grata (Asclepiadaces) — Lehmann 
(Arch. Pharm. 1897, 235, 167) isolated from the 
bark of this tree a crystalline glycoside peri- 
plocin, yielding on hydrolysis a reducing sugar 
and an aglycone pertplogcmn. The drug has 
been thoroughly investigated by Jacobs and 
Hoffmann (J. Biol. Chem. 1928, 79, 519), who 
showed that it contains a mixture of glycosides 
which yielded crystalline penplocymann on 
enzymatic hydrolysis. 

Penplocymann, m.p. 138°-148% yields on acid 
hydrolysis cy marose a nd penplogen 1 n , C t , H } ,0 j 
According to Jacobs and Hoffmann, Lehmann a 
periplocin is to be regarded as a glucopenplo- 
cymann, C 34 H fi4 0 I3 . 

Uzara (Asdepiadaceae). — The roots of certain 
Gomphocarpus species furnish the arrow poison 
of South East African tribes. Hennig (Arth. 
Pharm 1917, 255. 382) was the first to isolate 
the principal glycoside uzann in crystalline form 
Uzarm crystallites in needles, m.p. 200°-210°, 
is sparingly soluble in water, but soluble in dilute 
alcohol It hydrolyses according to the follow- 
ing equation (Wmdaus and Haaek, Ber. 1930, 
63, 1377): 

C 35 H 84 O lt +2H 2 O=C M H 1 ,O 4 -|-2C 4 H 1 j0 4 
Uzarlgenln Glucose 

Uzangemn has only been isolated as it* 
anhydro- derivative, C 73 H 30 O 3 (for constitution, 
see p 382). A second glycoside, nzaren, has been 
described by Grobcl (Dias. Marburg, 1925). 

Squill (Lihacete). The bulbs oTScilla maritime 
L. (—Urginea maritima Baker) were used in 
ancient times in the treatment of heart diseases, 
although the drug is mainly used to day for its 
expectorant properties. Present knowledge of 
the cardiac glycosides of squill is mainly due 
to the work of Stoll and hb collaborators. The 
bulbs when extracted under conditions which 
minimise enzymatic action yield crystalline 
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scillaren A nnd amorphous scillaren B (Stoll, 
Sutcr, Krcis, Bussemakcr and Hofmann, Helv. 
Chim. Acta, 1933, 16, 703). 

Scillaren A crystallises in leaflets, m.p. 270°. 
It gives no colour reaction with sodium nitro- 
prusside. Acid hydrolysis proceeds according to 
the scheme : 

C 36 H 52 O 13 =C 24 H 30 O 3 4-C 12 H 22 O j0 
Scillarldin A Scillabiose 

Scillabiose may be further hydrolysed to 1 mol. 
glucose and 1 mol. rhamnose. Hydrolysis of 
scillaren A with the enzyme scillarenase gives an 
intermediate product proscillaridin A and 1 mol. 
glucose (Stoll, Kreis, and Hofmann, Z. physiol. 
Chem. 1933, 222, 24). 

Scillaridin A, prisms, m.p. 245°-250°, is really 
the anhydro- derivative of the unstable aglycone 
of scillaren A, removal of the sugar residue from 
the latter being accompanied by dehydration. 
The additional hydroxyl of the hypothetical 
aglycone is considered to be at C s , and to it is 
attached the scillabiose residue in the glycoside 
(Stoll, Helfenstein, and Hofmann, Helv. Chim. 
Acta, 1935, 18, 644). Scillaren A has an activity 
of c. 1,000 F.D./mg. 

Scillaren B represents a mixture of glycosides, 
and its composition is not yet known. It is 
more readily soluble in water than scillaren A, 
and has an activity of 2,000 F.D./mg. 

Conmllaria majalis (Liliace®). — From the 
flowers of lily of the valley Walz (Jb. prakt. 
Pharm. 1858, 12, 302) obtained two amorphous 
glycosides, convallamarin and convallarin, of 
which only the first was active. Neither of these 
products was homogeneous. Karrer (Helv. 
Chim. Acta, 1929, 12, 506) was the first to obtain 
a crystalline cardiac glycoside convallaloxin, 
needles, m.p. 212°-213°, activitvc.3,000 F.D./mg., 
and for which Tschesche (Ber. 1936, 69, 459) 
established tho formula C 29 H 12 O 10 . It hydro- 
lyses to 1 mol. rhamnose and convallaloxigcnin, 
Cj 3 H 32 0 6 , apparently identical with strophan- 
thidin (Fieser and Jacobsen, J. Amer. Chem. 
Soc. 1937, 59, 2335). 

Adonis (Ranunculaeere). — Various Adonis 
species contain cardiac glycosides (see Hatcher 
nnd Haag, J. Pharm. Exp. Ther. 1933, 47, 217), 
but only Adonis vcrnalis has been examined to 
any extent. The first detailed chemical investi- 
gation of the drug was made by Heyl, Hart and 
Schmidt (J. Amer. Chem. Soc. 1918, 40, 436). 
Karrer (D.R.P. 480410, 1926 ; 484361, 1927) and 
Merrier nnd Merrier (Rev. Pharmacol. 1927, 1, 1) 
isolated a mixture of water soluble and water 
sparingly soluble glycosides, adonidosidc and 
adonivernosidc having respectively 600 and 300 
F.D./mg. 

Hcllc.borus (Ranunculaceaj). — From the roots 
of Bellcborus niger and viridis, Husemann nnd 
Marm6e (Ann. Chem. Pharm. 1865, 135, 55) 
isolated a semi-crystalline mixture of glycosides 
which they considered to consist of hclleborein and 
hcllcborin. The active helieborein was investi- 
gated chemically by Thaeter (Arch. Pharm. 
1897, 235, 414) nnd Sieburg (ibid. 1913, 551, 
154), but according to Karrer (“Bareli 
Festschrift,” p. 243 ; Basle, 1936) this material 
was not homogeneous. Karrer (D.R.P. 605073, 
1933) isolated from H. niger tho crystalline 


homogeneous hcllcbrin [a]// —23°, activity 
e.3,000 F.D./mg. It gives no colour with 
sodium nitroprusside. 

Anliaris toxicaria Lesch. (Mora cere). — The 
latex of the upas tree furnishes the arrow poison 
of native races in the Malay Archipelago. Kiliani 
(Ber. 1910, 43, 3574) obtained from it a-antiarin, 
plates, m.p. 220°-225°, and fi-antiarin, needles, 
m.p. 206°-207°. Both glycosides have powerfui 
digitalis-like activity, and yield the same agly- 
cone antiarigenin. The sugar component of 
a-antiarin is antiarose, isomeric with rhamnose, 
which is obtained from /J-antiarin. These com- 
pounds have been investigated by Tschesche 
(Ber. 1936, 69, 1377), who established the 
formulae of both glycosides as C 29 H,, 2 O n . 
Hydrolysis gives dianhydroantiarigenin, 
C 23 H 28 O s , m.p. 200°-205°. The true aglycone, 
antiarigenin, could not be isolated, a- and /?- 
antiarir, give a positive reaction with sodium 
nitroprusside. 

Cerbera Odolla.ni contains a crystalline glyco- 
side, cerberin, m.p. 190°-192°, not identical with 
thevetin (Plugge, Arch. Pharm. 1896, 231, 10). 

Cerbera tanghinia (=Tanghinia venenifera) 
fruits yield tanghinin, m.p. 182° (Amaud, 
Compt. rend. 1889, 108, 1255 ; 1890, 109, 701), 
which may not be a glycoside. 

Urechites subereda is known as an arrow 
poison in the West Indies. It contains two 
crystalline glycosides, urechitin and urechitoxin 
(Bowrey, J.C.S. 1878, 33, 252). 

Adenium Boehmianum Schinz, a South West 
African arrow poison, contains echujin (Boehm, 
Arch. exp. Path. Pharm. 1899, 26, 165). 

Coronilla species contain in seeds and stems a 
glycoside, coronillin, with an activity 200 
F.D./mg. (Schlagdenhauffen and Reeb, Arch. 
Pharmacodynam. 1897, 3, 1). 

Evonymus atropurpureus contains a crystalline 
glycoside evonymin with an activity" 300^-AOt) • 
F.D./mg. ( see Schmiedeberg, Arch. exp. Path. 
Pharm. 1883, 16, 149U 

Cheiranlhus (Crucifer®), wallflower species, 
contain a glycoside, cheirantkin, with an activity 
400 F.D./mg. (Jaretzky and Wilcke, Arch. 
Pharm. 1932, 270, 81). 

The following plants are alleged to contain 
cardiac glycosides which have not been properly 
investigated: Viscum album (mistletoe), Nym- 
phaea alba, Rabelaisia philippinensis, Calolropis 
procera, Pachypodium scalli, Cryptoslegia mada- 
gascariensis, Cratiola officinalis. Ilex opaca, 
Bowica volubilis, and the “ pakuru-neara ” tree 
of South America. For details, see Weese 
(“ Digitalis,” Leipzig, 1936). 

Bibliography. — For detailed accounts of the 
cardiac glycosides, the following modem reviews 
are recommended: Jacobs, Physiol. Reviews, 
1933, 13, 222 ; Kon, Ann. Rep. Chem. Soc. 1934, 
31,218; Stoll, “ Cardiac Glycosides,” London, 
1937; Weese, “Digitalis,” Leipzig, 1936. 

Toad Poisons. 

The secretions of the parotid glands of many 
species of toads contain substances of powerful 
physiological activity very similar to that of tho 
cardiac glycosides. In addition there occur 
a number of basic substances, e.g. bufotenine. 
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bufotenidme, bufoihionine, adrenaline, which, , 
however, have no dip taloid properties (Wieland. 
Konz and Mitlnsch, Annlen, 1934, 513, 1; 
Wiclsnd ami Wieland, ibid. 1937. 528, 234; 
•It men and Chen, «J. Biol. Chcm. 1939, 116, 86). 
Tlie cardioactive substances {hufotonns) are 
made up of “ genins" combined with subery! 
arginine. There is still some doubt as to 
n hethcr the “ gen m3 " ever occur in the secre- 
tions in the free state. Since Tschesche and 
OITe (Ber. 1935, 68, [B], 1998) and Jensen 
(J Amor. Chera Soc. 1935, 57, 2733) obtninol 

methyl cyrlopenlcnophenanthrcnc by dehydro- 
genation of etnobufagin the “ gemn ” from the 
Chinese toad, it is practically certain that the 
original suggestion of Wieland and Allcs (Ber. 
1922, 55, 1789) that the “genins" have a 
structure similar to the bile acids is correct. 
The toad poisons contain a lactone ring but do 
not give the sodium mtroprussidc reaction of the 
digitalis and strophanthus glycosides 

All toad poisons appear to bo structurally 
similar tu each other n nd to the cardiac glycosides , 
(particularly the squill glycosides). They were 
known and used m European medicine before 
the introduction of digitalis (Schrocdcr 1672 ; , 
Dale 1C92). 

Bufo tufgans (« =Bttfo bufo bufo). — From the 
shin of the common European toad, Wieland 
and Wed (Ber. 1913, 46. 3315) isolated bufotahn, . 
C, 5 H 3 ,0 6 . which was later shown to be derived 
from bufotoxin, C 40 H 4 ,O,jN 4 , in which it is 
combined with subery targmino (Wieland and 
Allcs, 1 e.). ITydrolysis of bufotoxin with 
strong acid proceeds according to the scheme : 

C4oH.,O n N 4 -*C tl H„O s 

Bufotallcn 

-f CjjHjjOjN^+CHjCOOH+HjO 

Subcry la rg l Bine 

UufoMitn is thus the anhydro-derivative of a 
gemn, C, 4 Hjj0 4 , whose acetyl derivative is 
j bufotahn By reduction of bufotahen and open- 
ing of the lactono ring, an acid C n H n O, was 
obtained isomenc with cholanic acid (see bile 
JtfM fcj) /Wmlaodf J EJnswe And JbJeyrr, A. JA3? 48% 
272). Bufo toxin is described as vulgarobufotoxin 
by Chen, Jensen and Chon (J. Pharm. Exp. 
Tlicr. 1933, 47, 307) who were unable to find 
any free bufotahn in tho skin and secretion. 

Bufo japonicus (=fl. formosus=B. gama ). — 
'lhe Japanese toad yields gamabvfoloxin, 
C,,Hj 5 O, 0 N 4 , hydrolysed to gamabvfogtnin, 
Cj,Hj, 0 5 . and subcrylargimne (Wieland and 
Vocke, A. 1930, 481, 215 ; cj. however, Chen and 
Chen. J. Exp. Pharm. Thcr. 1933, 49, 26 ; 
Kotake, A. 1928, 465, 11). 

Bufo gargarimns (*=Zt. cAinenjis). — The dned 
parotid secretion of the Chineso toad forms the 
drugs “ Scnso ” and “ Ch’an So." From these 
drugs is obtained anobvfotoxin, C 4 ,H 44 0«N P < 
hydrolysing to etnobufagin, C u H 41 0 4 , and 
subery hrginino (Jensen and Chen, J. Pharm. 
Exp. Ther. 1031, 43, 13 ; Jensen and Evans, 

J. Biol. Chem. 1934, 1M, 307). 

Bufo arenarum yields arenobufagin, C ts H M O t , a 
and arenobufotoxin, C. J H t4 O t .C ti H u O s N., 
probably a compound of tne former w ith subery I- e 
arginine. Both have digital is -like action (Chen, c 


Jensen and Chen, J. Pharm. Exp. Ther. 1933 
49. 1). 

Bufo nVidia nVidia (European green toad) yields 
vtndobnfoloxin, CjjH m 0 5 -C u H 1 ,0 j N 1 (1), 
winch may be a compound of vindobufagm, 
C t3 H„0 5 , and subery largmino (Chen, Jensen 
and Chen, iftid. 1933, 49, 14). 

Bufo mannas { =Bufo agua ) — Gives marina- 
bufagtn, C 21 H s ,0 5 , and mann obit fotoxin, 
C 3S H 5a O| 0 N 4 , its compound with su beryl- 
arginine (Jensen and Chen, tfiid. 1931, 43, 13) 
Jlannobufagin is identical with bufagin, the 
first crystalline cardioactive compound isolated 
from toad venom by Abel and Macht (J. Pharm. 
Exp. Ther. 1911-1912, 3, 319). 

Chen and Chen (J. Pharm. Exp. Ther. 1933, 
49, 503) also describe digitalis like substances 
from the parotid secretions ot B. regularis, B. 
valltceps, B fotchrt, B. alvanus, B. quencus , 
and B. amencanus. A. R. T. 

CARDIAZOL. Pentamethylene tetrazol. 
M.p.‘ 56°-58° Readily soluble m water. The 
solution can bo sterilised. Cardiac stimulant, 
B PC 1934 

CARDOL, C„H 51 0 4 (1), a phenohe con- 
stituent of cashew nut shell oil (u. Anacardiom 
Nut). J. L. and E. L. 

CARDOX CARTRIDGES, used in fiery 
mines, arc cartridges of solid carbon dioxide 
heated tn silu. by a suitable contrivance. 

A*-CARENE. 


HC CHj 

HjC CH 

^CbC^bMe, 

Tho dicyclic hydrocarbon, d-^-carene, 
C I0 H 18 , b.p. 170°/760 mm., d” 0SC88, n” 
1-4675, [o] D +7 69’, forms the main constituent 
of Indian turpentine from the oleo resin of 
Pmus longifoha (Simonsen, J.CS. 1920, 117, 
A7/V J J13.T A2& -5J9,' JJlJft. BUD; J 929, 305). 
and its occurrence has been observed w a 
number of other oils (Simonsen, Indian 
Forest Rec. I923..10, 56; Panicker, Rao, and 
Simonsen, J. Indian Inst. Sci. 1926, 9A, 137; 
Rao and Simonsen, J.C.S. 1925, 127, 2194; 
Wicnhaus and Schmidt, Schimmcl’s Report, 
1928, p. 101 ; Scmmler and von Schiltcr, Bet 
1927,60, [B], 1591 ; Aschan, Annalen, 1929,461, 

1 ; Krestmsky, Liverovsky and Jfalmberg, J. P r - 
Chem. 1931, [ii). 129, 97), The hydrocarbon 
is readily identified by the preparation of the 
sparingly soluble n itrosate, m p. 147 5°; accord- 
ing to Lagache (Bull. Inst. Fin, 1027, 2WM* 
yields an unstable ni trosoehloride, m.p. 101®— 10- . 
On catalytic hydrogenation the saturated 
hydrocarbon car ant, C U H U , is obtained 
(Kreatinsby and Solodki. J. pr. Chem. 1930, 
126, [ill, 14) prepared originally by Kisnncr (J. 
Russ. Phys. Chem. Soc. 1911, 43, 1132) by toe 
action of alkali on 1-carone hydraxonc. 

Tho constitution cf d-A 3 -carcne (I) has b«n 
estabbshed (i) by its conversion with hydrogen 
chfando into a mixture of dipenlene ana 
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sylveslrene dihydrochlorides (TT and III), and I manganate when the reaction proceeds in 
(ii) by its oxidation with potassium per- j accordance with the scheme given below : 


CMeCi 


CMe 



C(OH)Me 




H 2 C 


CH 




CH- 

IV. 


HO 


S' 


■CMe, 


C(OH)Me 


HO„C 


CH 2 

CH 


HCI 


-CMe, 



CO„H 

^CH, 


ho 2 c 


CH 


CH- 

V. 


-CMe, 



CMe, 


VI. 


Homocaronic acid (V) has been prepared 
synthetically by Owen and Simonsen (J.C.S. 
1933, 1225) and caronic acid (VI) by Perkin and 
Thorpe (ibid. 1898, 75, 48). 

On oxidation with hydrogen peroxide d- A 3 - 
careno yields a glycol, m.p. 90 o -91° (PiUai and 
Simonsen, J.C.S., 1928, 359) isomeric with that, 
m.p. 69°-70° (IV), prepared by the action of 
potassium permanganate. The products of the 
auto-oxidation of the hydrocarbon in the 
prescnco of cobalt resinato have been investi- 
gated by Owen and Simonsen (J.C.S. 1931, 
3001) and form a complex mixture. On 
oxposuro to tho air tho hydrocarbon oxidises 
very rapidly and this property renders it some- 
what less valuable than pinene for use as a 
thinner in paints. J. L. S. 

a 4 -carene. 


CMe 



CH CMe, 

The dioyclic hydrocarbon, d-^-carene, C, 0 H 10 , 
b.p. 165-5°-107°/707 mm., d“ 0-8552, n 30 1-474, 
[ciId+OO^ 0 , occurs in the essential oil from the 
grass Andropogon Iwarancnsa Jones (Simonsen, 
J.C.S. 1921, 119, 1644; 1922, 121, 2292), in the oil 
from Pintos sylvcslris (Scmmlcr and von Schiller, 
Bor. 1927, 60, [B], 1591), in Finnish and Swedish 
turpentines (Aschan, Annalcn, 1928, 461, 1 ; 
Wienhaus and Schmidt, Schimmels Report, 
1928, p. 101), and in the oil from Dacrydittm 
Franllinii (Pcnfold and Simonsen, ,T. Proc. 
Roy. Soc. New South Wales, 1929, 63, 95). The 


hydrocarbon has been prepared synthetically by 
the dehydration of 1-carol (Menon and Simonsen, 
J. Indian Inst. Sci. 1927, 10A, 4). No crystalline 
derivatives have been described. 

The structure of the hydrocarbon is proved 
(a) by its fission with hydrogen chloride to yield 
a mixture of dipentene and sylvestrene hydro- 
chlorides (c f. d-A 3 -carene), and (6) by its oxida- 
tion with potassium permanganate to d-l:l- 
dimclhyl-2-y-keiobutylcyclopropane - 3 - carboxylic 
acid (I) (scmicarbazone, m.p. 182 !> -183 0 ), which by 
further oxidation with sodium hypobromite 
gives &-3-carboxy-\:l-dirnethylcyclopropane-2- 
propionic acid (II), m.p. 104°-105°. The 
structure assigned to the latter acid, based 
originally on its conversion into homoterpenylic 
acid (III) by tho action of hydrochloric acid, has 
been confirmed by its synthesis by Owen and 
Simonsen (J.C.S. 1932, 1424; 1933, 1223). 



H»C 


CH KMn0 4 H,C 


CMe, 


COMe 


co 2 h 

I >• 

CH NaOBr 


CH- 


-CMe, 


CO„H 
/ * 

H,C CO,H 

i I HCI 

H.C CH — — -> 

CH CMe, 

II. 




co 2 h 


h 2 c 


CO 


H„C H 2 C O 

I 

CH CMe 2 

III. 


J. L. S. 



390 


CARMINAZARIK. 


CARMINAZAR1N, an oxidation product 
of rarmlnic add. 

CARMINIC ACID, the colouring matter of 
cochineal. 

CARMOISINE. Syn for Asorwbin. From 
naphthiomc acid diazotised and coupled with 
a naphtholsulphome acid Nff. 

CARNALLITE. Hydrated double chloride 
of potassium (KCI 26 8%) and inagnesiuni, 
KCI MgCI],6H,0. It occurs abundantly in 
the uppermost layers (“ camallite zone ”) of the 
beds of abraun sails in the Prussian salt 
deposits, and is the chief commercial source of 
potassium chloride. It is also found at Wittels 
heim in Upper Alsace, and in the potash salt 
basin of New Mexico and Texas. The mother- 
liquor, remaining after the potassium chloride 
has crystallised out, contains traces of bromine 
and rubidium, the former of which ia a valuable 
by product. Thallium has also been detected 
in traces. When pure, the mineral is colourless 
and water-clear, but it is often coloured yellowish 
or reddish by intermixed impurities. Red 
camallite owes its colour and metallic sheen 
(resembling that of sunstone) to the presence of 
minute scales of haematite. Crystals are rare ; 
they are orthorhombic, and have the form of six- 
sided pyramids with numerous well-developed 
faces. Ow ing to the extreme deliquescence of 
the ealt, crystals must be preserved in sealed 
vessels, Camalhtc and bromcamalhte, in which 
bromine takes the place of chlorine in the above 
formula, have been prepared artificially from 
suitable solutions containing a large excess of 
magnesium chloride and at a temperature of 
over 25°. L. J. S. 

CARNAUBIC ACID. This name was 
assigned by Sturcke (Annalen, 1884, 223, 30C) 
to an acid, m p. 72 5®C., which he isolated from 
camauba wax, and regarded as an isomer of 
lignocem, acid, C,,H r COOH . the same acid 
was reported to be present in wool wax by 
Rarmstadter and Lifschiitz (Ber. 1896, 29, 
618). In the light of our present knowledge 
concerning waxes it is highly probable that 
Sturcke’s " camalibic acid” was a mixture of 
high-molccuhr fatty acids, among which n- 
tetrarosoic (Lgnocerie) acid may be included 
the fraction of m p. 72°-73° from the wool wax j 
acids also nppears to be a mixture of acids, 
among which an acid (in all probability not 
identical with any vegetable-wax acid) having 
25, 26, or 27 carbon atoms (possibly with a 
branched chain) predominates (Abraham and 
T. P. Hilditch, JSC.I 1935, 64. 398T). The 
term * camaubic acid ” must therefore bo 
regarded as obsolete. E. L. 

CARNAUBYL ALCOHOL. Mp. 68°- 
69®C.*was isolated from the saponification pro- 
ducts of wool wax by Darmstadter and Lif- 
schOtz (Ber. 1890, 29, 2890) , since it yielded 
“ camalibic acid ” (j.r.) on oxidation, the 
formula was attributed to it. 

The existence of this alcohol as an individual 
was questioned by F. Rfihraann (Biochem. Z. 
1916, 77, 298; tf. Drummond and Baker,' 
J.S.C.I. 1929, 48, 232T) whose work suggests 
that the product examined by the older workers 
may lime been a mixture of alcohols (impure 


ceryl alcohol T) ; on the other hand, an alcohol 
not of the ordinary e\ en numbered fatty senes 
may be in question. The name “carnaubyl 
alcohol ” is misleading and should be discarded, 
since the tetraeosoic acid present in cam&iiba 
and other vegetable waxes is the n-Cj, acid 
(hgnocene acid). £ L. 

CARNEG1NE, CuH^OjN (I), was iso 
lated by Heyl (Arch. Pharm. 1928, 266, 668) 
from Carnegia gigantea {Certus giganteut) 
(American Cactocese). Spath and Kuffner (Ber. 
1929, 62, 2242) ha\ e shown that (I) is identical 
with the alkaloid pectenme previously isolated 
from Certus peclen abongtnvm Engelm by Heyl 
(Arrh Pharm. 1901, 239, 459). tor ex- 
traction rf Heyl (l.c. 1928). (I) is a colour- 
less oil, bp 170°/1 mm, slowly decomposing 
under atmospheric influence; it cannot be 
crystallised. 

B HCI, needles, m.p. 207° (Spath 2I0°-211") 
from CHClj Et 2 0, easily soluble in H f O, 
sparingly soluble in absolute EtOH ; B HBr, 
small needles, m p. 228°, from alcohol ; 
B HAuCI 4 , yellow plates, from dilute EtOH i 
the picrate, m p. 212°-213°, from MeOH j 
the methiodide, m.p 210°-211°, from MeOH. 

Spath (Ber. 1929, 62, 1021) has put forward 
the following constitution for (1) and baa 
established it by synthesis : 



I. 

(I) therefore i* related to the anhaloniura alka- 
loids , it has also been obtained by methylation 
of the alkaloid salsohne (Orekhov and ProJ- 
kumina, Ber. 1934, 67, 878). Although (I) con- 
tains an asymmetrical carbon-atom, the alkaloid 
and its salts arc optically inactive [cf. Schoepf 
and Bayerle. Annalen, 1934, 513, 190). For 
pharmacological action of (I) (Ileyl, I e. 1901 
and 1928), and Mogilewa (Arch. exp. Path 
Pharm 1903, 49, 137). Scht 

CARNELIAN v. Chalcedony. 

CARNINE was the name given to a basic 
substance isolated from meat extract by Volt 
(Weidel, Annalen, 1871, 158, 353) ; it occurs also 
in beer yeast extract (Schutzenberger, Chem. 
Zentr. 1877, 73), in the musclo of some fresh- 
water fish and frog’s flesh (Krukenberg and 
Wagner, ibid. 1884, 107), and m beet juice (E 0. 
von Lippmann, Ber. 1896, 29, 2645). Canune 
crystallises in chalk-white druses, is sparingly 
soluble in cold, readily so in hot, water, insoluble 
in alcohol or ether ; it forms a cry stalhne hydro- 
chloride and platinichloride, and a sparingly 
soluble compound with silver nitrate (llVide), 

Haiser and Wenzel (Monatsh, 1908, 29, 157) 
have shown that canune is an approximately 
equal molecular mixture of hypoxantbine an 
i nosine, C, 0 H,,O s N.,andthe two wereseparatea 
by the action of acetic anhydride which convert* 
the inosine into the acetate, Cj 0 H ( O,N k (OAc),. 
m.p. 230® (decomp ). Inosine crystallise* i» 
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silky needles, m.p. 215° (decomp.), [o]”’-49*2 , > 53, 514) ; oxidation with calcium permanganate 

and 100 c.c. of aqueous solution saturated at 20° 6 ives P 07710 etaine 

contains 1-615 l\. When inosine is hydrolysed CH 2 CO 


by sulphuric acid it yields hypoxanthine and a 
pentose, originally termed carnose by^Levene 
and Jacobs (Ber* 1909, 42, 2102, 2474), and 
afterwards identified with d-ribosc. 

M. A. W. and W. V. T. 

CARN 1TES, [Derivatives of pyridine bases 
etc., used as dispersing and wetting-out agents. 

CARNITINE, C 7 H 15 0 3 N, a base first 
found in Liebig’s extract of meat in 1905 by 
Gulewitsch and Krimberg (Z. physiol. Chem. 
1905, 45, 320), is present in the fresh muscle of 
many mammals (ox, 0-03% ; horse, 0-17% ; 
sheep, 0-19% (Smorodinzew, ibid. 1913, 87. 12 ; 
1914, 92, 221) ; Struck, Wordelioff, Neubaur, 
and Geissendorfcr (ibid. 1935, 233, 189) give 
OT-O-2% for ox), and in other organs. It is 
most conveniently prepared from meat extract 
from which yields of from 1*3 to 1-8% can be 
obtained (Gulewitsch and Krimberg, i.c. ; 
Kutscher, Z. Nahr. Genussm. 1905, 10, 528 ; 
Struck, WordehofF, and Schwancberg, Z. physiol. 
Chem. 1936, 238, 183). Its identity with the 
base novaine, obtained by Kutscher (l.c.) from 
Liebig’s extract, was proved by Krimberg 
(Z. physiol. Chem. 1908, 55, 4GB ; Engelan'd, 
Bor. 1909, 42, 2457). 

The free base forms a syrup easily soluble in 
water and alcohol and reacts alkaline. The 
hydrochloride, C,H 15 0 3 N-HCI, forms hygro- 
scopic crystals; [a] D — — 20-9° (c=10 in dilute 
HCI). The nitrate, C 7 H I3 0 3 N-HN0 3 , cry- 
stallises in needles. Tlio platinicldoride, 
(C.HjjOjNl.’HjPtCl,, forms orange - red 
prisms, m.p. 2I4' , -2I8° (decomp.). The auri- 
chloride, C 7 H l5 0 3 N-HAuCI 4 , forms citron 
yellow needles and orange needles or prisms, 
m.p. 153°-154°. There are two doiddc salts 
with mercuric chloride, C 7 H 15 0 3 N-2HgClj, 
from the free base and alcoholic mercuric 
chloride, m.p. 204°-205°, is sparingly soluble 
and crystallises fairly readily; in presence of 
excess of HCI, C 7 H‘,j0 3 N-HCI-6HgCI 2 , m.p. 
211°-215°, is formed as an oil crystallising 
with difficulty (Gulewitsch and Krimberg, l.c. ; 
Krimberg, Z. physiol. Chem. 1907, 50, 3G1). 
Carnitine ethyl ester, C 9 H 19 0 3 N, is formed 
when an alcoholic, solution of carnitine and 
hydrochloric acid is evaporated, and was mis- 
taken by Kutscher for a new base from meat 
extract under the name oblitinc (Kutscher, l.c. ; 
Krimberg, Z. physiol. Chem. 1907, 53, 514 ; 
190S, 56, 417). The chemical and physiological 
propertiesof carnitincare reviewed by Gulewitsch 
(1927, A, 788). 

Constitution of Carnitine. — On heating with 
baryta carnitine gives triniethylnminc and 
crotonic and succinic acids (Gulewitsch and 
Krimberg, Z. physiol. Chem. 1905, 45, 32G) ; 
on reduction with phosphorus and hydriodic 
acid Willstatter’s (Ber. 1902, 35, 584) y-bulyro - 
trimcthylbctainc 

CH,-CH, — CO 

I ‘ ‘ I 

CH,-NMe,-0 

is formed (Krimberg, Z. physiol. Chem. 1907, 


CH 2 -NMe 3 -0 

(Engeland, Ber. 1909, 42, 2457) ; on heating 
with sulphuric acid at 130° carnitine loses a 
molecule of water giving an unsaturated betaine 
npocarnitine ( v . infra). Carnitine is probably a 
hydroxy derivative of a trimethylbetaine. Two 
formulas advanced by Krimberg (Z. physiol. 
Chem. 1907, 53, 514) represented carnitine as 
either a- or /?-hydroxy-y-bu tyro trimethyl- 
betaine, 

CH„-CH(OH)-CO CH(OH)-CH 2 CO 

! / or | / 

CH 2 -NMe 3 -0 CHj-NMeyO 

jS-Hydroxy-y-butyrotrimethylbetaine was syn- 
thesised by Rollett (ibid. 1910, 69, 60), Tomita- 
( ibid . 1923, 124, 253), and Engeland (Ber. 
1910, 43, 2705) and said not to be identical 
with carnitine. a-Hydroxy-y-butyrotrimethyl- 
betainc, synthesised by Fischer and Goddertz 
(ibid. 1910, 43, 3272), also differs from carnitine. 
This synthesis was questioned by Engeland (ibid. 
1921, 54, 2208) but a new synthesis by Crawford 
and Kenyon (J.C.S. 1927, 396) who showed that 
this betaine gave carbon monoxide on heating 
with sulphuric acid and not opocamitine, upheld 
the contention of Fischer and Goddertz that 
carnitine is not the a-hydroxy compound. Fresh 
evidence presented by Toinita and Sendju 
(Z. physiol. Chem. 1927, 169, 263) suggests that 
carnitine is actually the /3-hydroxybetaino. 
They resol vod y-nmino-/?-hydroxybutyric acid 
into its two optical isomers (four isomers were 
actually claimed, two being subsequently proved 
by Bergmann and Lissizyn (Ber. 1930, 63, 310) 
to bo partial racemates). Exhaustive mcthyla- 
tion of the 7-acid gave a betaine with properties 
in complete agreement with those of natural 
7-carnitinc. The failure reported for the 
previous syntheses of the /3-hydroxy bet nine was 
presumably duo to the difference in the proper- 
ties of 7- and r-carnitine. 

Acetylcarnitine. — This base, formed by cold 
acetylation of carnitine, has m.p. 145° ; hydro- 
chloride, m.p. 181° ; ehloroauratc, m.p. 128° ; 
chloroplatinatc. m.p. 187° (Krimberg and 
Wittandt, Biochcm. Z. 1931, 251, 229). 

apoCacnitine or Crotonbetaine. — This un- 
saturated betaine is formed by heating carnitine 
with sulphuric acid (sec above) and has also been 
isolated from the lysine fraction of the bases of 
Liebig's meat extract by Linncweb who has 
identified it hv synthesis ns y-crotonotrimcthyl- 
betnine, 

CH:CH CO 

I I 

CH 2 -NMe 3 -0 

and proposed the name “ crotonbetaine ” for 
the base (Z. physiol. Chem. 1928, 175, 91 ; 176, 
217). The ehloroauratc melts at 215°-217°, and 
the ethyl ester chloroplatinatc at 223°-225°. 

It is, perhaps, of interest that the saturated 
hetnine, y-butyrotrimethylbetaine, has also 
been obtained from natural sources (Bricger, 
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“ L'litersuihmigcn ubor Ptomaine,” Ill, 
Hirschwald, Berlin, 1SS6, Takeda. Pflugcr’g 
Arch iv. 1910, 133, 365 : Engeland and Kutscher, 
Z physiol Chem 1910, 69, 282; Ackermann, 
Z. Biol 1927, 86, 199). It was called oefmtne 
by Ackermann, who isolated it from Actinia 
tquwa 

The properties of the three bases carnitine, 
crotonbctaine, and y butyrobetame have been 
compared by Linneweh (2. physiol. Chem. 1929, 
181, 42. 54 ; 182, 8) W. V. T. 

CARNOS1NE. a (jl-alanyl)amino p-imm- 
azolyl propionic acid, 

/NH— C CH.CH COOH 
CH' II | 

>N — CH NH-CO CHjCHjNH, 

This base was first isolated from Liebig’s extract 
of beef and has since been obtained in varying 
amount from the muscles of many different 
species including cat, dog, deer, gnu, horse, 
opossum, ox, rabbit, crocodile, river eel and 
boa constrictor. It is not present in the muscles 
of the llama, crow, goo«e, hen, pigeon, turkey, 
cod, conger eel and dog fish, which contain 
A' methv lcamosine, anserine (o v ) (Smorodinzew, 
Z. phyno! Chem. 1913, 87, 20 ,1914, 92, 19.227 ; 
Ackermann, Timpc and PoiJer, i bid 1929, 183, 
1; Hoppe Seylcr, Linneweh and Linneweh, 
tit d, 181, 276 , Ackermann and Hoppe-Seyler, 
ibid. 1931. 197, 135 ; Wolff and Wilson, J. Biol 
Chem. 1932, 95, 495 ; 1935, 109, 665 ; Kapellcr- 
Adler and IIaa9, Biochem. Z. 1934, 269, 263). 

Camosme is soluble in water, crystallises in 
rosettes of large colourless needles, m p. 240’- 
250’ (dccomp ). It has [a] n +21® independently 
of the concentration (Gulewitsch, Z. physiol. 
Chem. 1913, 87, C), and has a strongly alkaline 
reaction. The vapours of camosme gite the 
pyrrole reaction with a pme splinter (Guletvitscb, 
ibid. 8) Camosme may be precipitated from 
an aqueous extract of muscle by a saturated 
solution of mercuric sulphato in 5% sulphuric 
I acid ; the precipitation is accelerated by the 
addition of 2 vols. of alcohol and a little ether 
(Dietrich, Z. physiol. Chem. 1914, 92, 212). 
bmorodinzen (ibid 214) recommends a 10% 
solution of mercuric sulphate in 5% sulphuric 
acid solution. Camosme can be isolated by 
precipitation with a copper salt as the dernalne 
CjHj,N 4 Oj CuO, whuh is crystalline, very 
sparingly soluble in water, has a distinctive 
blue colour, nnd decomposes without melting at 
2-V (Mauthncr, Honotdi 1913,34.883). It is 
not obtained m the presence of mine acid (e g. 
from cnmounc nitrate nnd copper carbonate), a 
copper compound containing nitric acid being 
formed This compound is very soluble in 
water, from which it will not crystallise, in- 
soluble in alcohol, nnd Ins not the distinctnc 
blue colour of the lamosmo copper compound 
(Dudley and Thorpe, unpublished). The nitrate, 
B HNOj, i rystallises in 1 irge stellate clusters of 
needles, nip. 219® (dccomp.), [a]”* -*-22 2°, 
c=7 820®. Tlicrotatorypowerincnasisslightly 
t>ti dilution, it falls to about half its value 
in presence of mine acid (Gulewitsch, Z 
physiol. Chem. 1913. 87. 1). The sifter 
ilen vativc nnd acid double salt with silver nitrate 
closely* resemble the corresponding derivatives of 


arginine (Gulewitsch and Amiradiibi, Bcr. 1900 
33, 1902). 

The monoflaiianale crystallises with 3H,0 
a fid melts (anhyd.) at 110° (Langley » n( j 
Albrecht, J. Biol. Chem. 1935, 108, 729), 
The following derivatives and tbeir raeltnr. 
points are given by Smorodmiew, J.C S I 52 y 
124, i, 593) ; sulphate, 238’-240° ; orthophosphate, 
205°-207° ; metaphosphate, 200°-203° ; todak 
I88°-190° ; oxalate, 216“-218° ; tartrate, 195 s - 
200° ; phenylcarbamido derivaliie, 178°-180®. 

Camosme is probably identical with Hut- 
sther’s tgnotine (Z. Nahr. Genussm. 1905, 10, 
028 ; Gulewitsch, Z. physiol. Chem. 190G 50, 
204 ; 1907, 51,258 ; 52, 627). Compare, how- 
ever, Kutscher (ibid. 1906, 50, 445 ; 1007, 5t, 
545). 

When camosine is hydrolysed by boiling 
with barium hydroxide it yields histidine and 
f} alanine. That camosme is 0-alanylhistidine 
is shown by its synthesis from histidine and 
fi lodopropionjl chloride (Bauman and Ing 
v aldsen, J. Biol. Chem. 1918, 35, 263). This is 
further proved by its behaviour towards 2 4 5* 
trinitrotoluene (Barger and Turin, Biochem J. 
1918, 12, 402). It has been Bynthesised by 
condensing 0-mtropropionyl chloride with histi* 
dine methyl ester and reducing the resulting 
products with stannous chloride and hydro 
chloric acid (idem ibid ). More recently Stffenl 
and Du Vigneaud (J. Biol Chem 1935, 108, 753) 
have synthesised camosine m 65% yield from 
l histidine and carbobenzyloxy-/? alanine 

The enantiomorph of natural camosine, d- 
camosine, has been prepared by a similar 
method from <f histidine by Du Vigneaud and 
Hunt (tbirf. 1936, 115, 93). It has [a]*® -20 4* 
iji water and melts at 260°. 

The camosme content of flesh extracts may 
be estimated by two colorimetric methods 
which control one another ; the one depends 
on the colour yielded by the histidine complex 
in tho camosine molecule with diazobenzenc- 
solphomc acid (Weiss and Sobolev, Biochem 
Z. 1913, 58, 119); the other on the violet colour 
yielded by camosine when boiled with cupnc 
hydroxide, Turth and Hryntschak (ibid. 1014, 
64, 172). The determination of carnosmo by 
the two colour methods is stated by Kuen (ihd. 
1927, 189, 60) to give high results compared 
with methods involving the isolation of the 
camosine copper compound. Clifford and 
Mot tram (Biochem. J. 1928, 22. 1246) still 
maintain that the diazo method is reliable 
It cannot, however, bo regarded as specific sinre 
other substances such as anserine and histidine 
give tho reaction. For the determination ol 
tamonne in the presence of these substances. 
see Kapoller-Adlcr and Haas (Biochem. Z. 1934, 
269. 263). M. A. W. nnd W. \ . T, 

CARNOT ITE. A hydrated vanadate of 
uranium and potassium, occurring abundantly 
as a bright canary yellow powder dis’cminalpj 
in sandstono in western Colorado. C. l*ieuei 
and Ik Cumenge (Compt. rend. 1899, 128, •»-), 
by whom it was first described and named (alter 
A. Carnot), expressed the composition by t * 
formula K.0-2U,0,-V,0.,3H,0. J>rtMl« 
nnalv'cs were made by W* I. Ililfebrand (Ame . 
J. Sri. 1900, 10, 120). and he concluded that ido 
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mineral is not simple, but a mixture. This view 
is, however, not borne out by T. Crook and G. S. 
Blake {Min. Mag. 1910, 15, 271), who find that 
the material, both from Colorado and from 
South Australia, is definitely crystallised as 
minute plates possessing orthorhombic sym- 
metry and with characters analogous to those of 
autunite. E. L. Hess and W. F. Foshag (Proc. 
U.S. Nat. Mus. 1927, 72, no. 12) from an analysis 
of crystalline material from Utah give the 
formula 3(K 2 0-2U0 3 -V 2 0 5 ),2H 2 0. 

The earnofite-bearing sandstones occur over 
an extensive tract of country on both sides of the 
Colorado-Utah boundary, the richest deposits 
being in the neighbourhood of La Sal Creek, 
Roc Creel;, and Paradox Valley, in Montrose Co., 
and in San Miguel and Dolores Cos., in south- 
west Colorado ; other deposits are met with near 
Coal Creek in Rio Blanco Co. and Skull Creek in 
Routt Co. in north-west Colorado, and at Mauch 
Chunk, Pennsylvania. Most of these deposits 
are in Jurassic (La Plata) sandstone, but some 
of those in the N.W. are in sandstones of 
Cretaceous age. They have been mined at 
several spots, and a plant for the extraction 
of uranium, radium and vanadium salts was 
erected near Cedar in San Miguel Co., Colorado ; 
but the sandstone ore is of a low grade, and the 
difficulties of transport aro considerable. An 
average sample of marketed ore assayed 
U 3 O s 11-49% and V 2 O s 6-40% (R. B. Moore 
and K. L. Kithil, Bull. U.S. Bureau of Mines, 
1913, 70 ; C. L. Parsons and others, ibid. 1915, 
104). 

In South Australia, at Radium Hill, near 
Olary, camotite occurs as films on the joint- 
planes of a large deposit of ilmenite, rutile, and 
magnetito. 

A closely allied mineral, named ferganitc 
(1. A. Antipov, 1908 ; Abstr. in Jalirb. Min. 
1909, ii, 38), is a hydrated vanadate of uranium 
with some lithium. It occurs, together with 
other uranium minerals, in prov. Fergana in 
Russian Turkestan. L. J. S. 

CAROB TREE, Locust tree ( Ccratonia 
siliqua, Fam. Leguminos.-e). Widely cultivated 
in Mediterranean countries. The pods (carobs) 
are a food for men and animals, and a syrup 
and also nlcohol are prepared from them in 
Sicily. The pods arc generally known as St. 
John’s bread, from a misinterpretation of 
St. Matthew, III, 4. The fruits (without seed) 
contain tip to 30% sugar, the peel 29-34% 
saccharose and 8-5-11% reducing sugars, but the 
proportions vary considerably: The seeds con- 
tain mannan and rf-mannose, formerly described 
as caroubin and caroubinosc respectively (AIbcrda 
van Ekenstein, Compt. rend. 1897, 125, 719). 

CARONE. 


CHMe 



I I 
h 2 c ch 

' N CH^^CNIe 2 

Tho dicyclic ketone, carone, Cj 0 H ic O, b.p. 
9S’/13 mm., d] 7 0-955, 1-478, [a] D +134°, 

doc? not occur in nature and was first prepared 


by Bacyer (Ber. 1894, 27, 1919) by the action 
of alcoholic potassium hydroxide on dihydro- 
carvone hydrobromide. It can be characterised 
by the preparation of its semicarbazone, m.p. 
1G7°-169°, or its bisnitroso - derivative, m.p. 
116°-1 18°. The oxime of d-carone is an oil, 
b.p. 130°-132°/12 mm., whilst that prepared 
from dt-carone has m.p. 77°-79°, On reduction 
with sodium and alcohol the oxime yields the 
dicyclic base A-carylamine, b.p. 88°-89°/15 mm., 
M d +72-3° (in alcohol) (Baeyer, Ber. 1894, 27, 
3486), the hydrochloride of which is readily 
isomerised to veslrylamine hydrochloride (I) 
from which carveslrene (II) can readily be 
prepared. By treatment of carylamine sul- 
phate with nitrous acid the secondary alcohol, 

CHMe 

h 2 c /X 'ch-nh 2 ,hci 

H 2 C CH-CMe:CH„ 

ch 2 

I. 

CMe 

h 2 c ch 


H 2 C CH-CMe.-CH., 

ch 2 

II. 

CHMe 


H 2 C 




CH-OH 


H 2 C CH 

\/\ 

CH CMe 2 

III. 


Me 2 C 


„CH-CO„H 


'CH-C0 2 H 


IV. 


carol (III), b.p. 141 o -142°/100 mm., d™ 0-9181, 
1-472, [a] D — 42-92°, is obtained (Menon 
and Simonsen, J. Indian [Inst. Sci. 1927, 
10, A, 7). This alcohol cannot be prepared by 
the direct hydrogenation of the ketone, fission 
of tho cyclopropane ring occurring (Iyer and 
Simonsen, J.C.S. 1926, 2049). On oxidation with 
potassium permanganate carone yields a mix- 
ture of cis- and trans- caronic acids (IV) (Baeyer, 
Ber. 1896, 29, 2747), which have been syn- 
thesised by Perkin and Thorpe (J.C.S. 1898, 75, 
48). _ J. L. S. 

CARO'S ACID. Anhydropermonosulphuric 
acid, 0(S0 2 -0-0H) 2 . 

CAROTENE. The isolation of carotene 
was first effected by Waekenroder in 1831, who 
obtained the crystalline pigment from the root 
of the carrot. In 1847 Zcise obtained it in 
quantity sufficient for elementary analysis 
and proved it to bo a hydrocarbon of the 
empirical formula C 5 H„. but it was not until 
1907 that Willstattcr and Mieg (Annalcn, 1907, 
355, 1) ascribed to it the true molecular formula 

^4oM 56 . 

Carotene is widely distributed throughout 
both the plant and animal kingdoms, its 
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presence in the latter being presumably related months of 35% corresponding to 11-12 oxygen 
to its ingestion in the food. The carotene atoms, to giro a white amorphous product, 
content of various plant products is illustrated Baumann and Steenbock (J. Biol. Chem 1033 
by the following data: 1 g. of pigment is 101, 561) have shown that tho degree of, 
obtained from 1 kg. dry carrots (Escher, “Zur autosidation of solutions of carotene in oil is 
Kenntmss des Carotins und des Lycopins,” markedly smaller. 

Ziirich, 1909), 0 15-0 20 g. from 1 kg. of stinging lldtroqtnexhj of Plant Carotene . — Whilst it 

nettles (Willstat ter and Stoll “ Untersuchungen had been frequently observed that carotene 
0 her Chlorophyll,” Berlin, 191 3), 0 3 g. from 1 kg. preparations from different plant sources had 
dry paprika (Capsicum annuum) (Zechmeister different melting points it was not until 1931 
and Cholnoky, Annalen, 1927,455, 20), and 0 3- that Kuhn and Ledercr (Ber. 1931, 64. [BJ, 1349; 
0 6 g. from 1 kg of green leaves of various types, Cf. Karrer, Helfenstein, Wehrb, Ficper and 
whilst the richest source appears to be the green Morf Helv. Cbim. Acta, 1931, 14, CI4) showed 
alga Trtntepohha tolilhus (Tischer, Z. physiol, that the pigment exists in isomeric forms. By 
Chem. 193G, 243, 103) which contains 0 3% chromatographic resolution of crystalline cam. 
carotene. The carotene contents of many tene (are Carotenoids) an optically active 
animal products, for example, of cow and of goat isomer, a-carotene, was isolated together with 
butter (Gillam and Ileilbron, Biochem. J. 1933, the optically inactive f3 carotene. Subsequently 
27, 878), of fish liver oils (Schmidt Nielsen, minute amounts (0 1% of total carotene) of a 
StJrensen, and Trumpy, Norake Vidensk. Selsk. third isomer, y carotene, were detected hy 
1932, 5, 114, 118), and of fish roc (von Euler, application of the chromatographic method 
Card and Hcllstrdm, S\onsk Kcm Tidskr. 1932, (Kuhn and Brockmann, Ber. 1933, 66, (B), 407) 
44, 1D1) have been examined Zechmeister finds It has been established that the /? isomer 
lipochrome . 1 invariably predominates from whalev or source 

that the ratio ■ ^ ^ — is between qqq **nd the carotene mixture is obtained; the per 

. *** ‘ centage of a-carotene in the gross carotene 

; thus C mg of carotene are obtained fractions from various sources is os follows 
300,000 pa) m 0 j t 30-40%; chestnut leaves, 25%, 

from 2 kg of horse fat and 11 mg from 1 kg. of carrots, 10-20%; mountain ash berries, 15%. 
cow fat. melon, 1%; whilst various grasses, spinach, 

Crystalline carotene is readily obtainable in and nettles contain but traces, 
quantity from carrots (Dauevs earota), stinging /? Carotene . — ft Carotene, C t(( H s( . crystal 

nettle ( Urtica ), the berries of the mountain ash liscs from a mixture of benzene and methyl 
(Norit/s Avcupana), the giant pumpkin (Cvcurbtta alcohol in which it is less soluble than the a 
maxima), and from palm oil. A typical method isomer, in deep red plates with a \iolet reflex, 
of isolation of the pigment is given by Will- m p. 183°; it is optically inactive and exhibit* 
etatter and Escher (Z. physiol. Chem. 1910, 64, absorption maxima at 614, 484 (<=150,000) and 
47) in which dried and minced carrots are 447mp in carbon disulphide. With the antimony 
extracted by percolation with light petroleum, trichloride reagent it gives a blue colour which 
Carbon disulphide is added to the concentrated has annbsorption maximum at E90mp (a carotene 
extract and tho carotene precipitated by the exhibits a maximum under similar conditions at 
addition of alcohol. Carotene obtained by this 54 2mp, this difference being of great assistance 
and similar methods separates in deep reddish, in identification). With iodine it gives a di 
violet plates, m p 172°-I74° t moderately soluble iodide of indefinite melting-point from which an 
in most organic solvents with the exception of isomeric isocarotene is regenerated, on removal of 
alcohol. Such preparations exhibit absorption the halogen 

maxima at 624-510, 490-475mp m carbon The importance of /J carotene in the economy 
disulphide; the conccniraUon of a carotene of hf» hca m the fact that i t can replace the 
solution can be estimated from the intensity of vitamin A of liver oils, l-cing converted into tho 
abrorption. For a rapid assay of carotene latter in the animal organism (see Carotenoids) 
solution", however, simpler methods ore avail- Although several of the degradations which 
able which depend upon matching the colour have led to the establishment of the structure of 
of a carotene solution against a known standard, ^-carotene were earned out on matenal which 
Wills tfltter and Stoll (“ Untersuchungen fiber was subsequently shown to be a mixture, the 
Chlorophyll,” Berlin, 1913) used 0 2% aqueous evidence obtained therefrom is effective becau«o 
potassium dichromate which in a layer 100 mm. it has been established that /J carotene was the 
thick is equivalent to a similar layer of a carotene preponderating component of the mixture 
solution containing 0 0268 g in 1 litre of employed. 

light petroleum Kuhn and Brockmann (Z. /3-Carotene contains 11 cthylcnic linkage* 
physiol. Chem. 1932, 206, 41) have found that (Zechmeister, Cholnoky and VraWIy, Ber. 1928, 
an alcoholic solution of azobenzene gives a 61. [B], 560; 1933, 66, [B], 123), and is therefore 
better comparison; a solution of 14 5 mg. dicycbc; the presence of 6 extra-chain methyl 
azobenzene in 100 e c. 95% alcohol is colon- groups of the type = CMe— was established by 
metrically equivalent to one containing 0 235 drastic chromic acid oxidation (Kuhn and 
mg. carotene in 100 c.c. light petroleum. L'Orsa, Z. angew. Chem. 1931, 44, 847; Kubn 

Carotene oxidises rapidly on exposure to air and Roth, Ber. 1933, 66, [BJ, 1274). Tbcnlcntm* 
either in the sobd state or insolation. In the cation of the fragments obtained by oxidation of 
case of crystalline caroteno Wills t fit ter and carotene with potassium permanganate 
Escher (fc.) observed an oxygen intako of with ozone has been of great value in the 
0 3% after 5 days, and finally after several structural study of the pigment. Oxidation of* 
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solution of carotene (mainly the jS-isomer) in 
benzene solution with cold aqueous potassium 
permanganate gives aa-dimethylglutaric acid, 
aa-dimethylsuccinic acid, and dimethylmalonic 
acid (Karrer and Helfenstein, Helv. Chim. Acta, 
1929, 12, 1142) whilst ozonolysis of the pigment 
yields geronic cid (Karrer, Helfenstein, Wehrli 
and Wettstein, ibid. 1930, 13, 1084). The 
identification of these degradation products 
clearly indicates the presence of at least one 


/3-ionone ring system. A repetition of the 
ozonolysis experiment using pure /3-carotene 
showed that 16% of the calculated yield of 
geronic acid was obtained assuming that 
/3-carotene contains two /3-ionone ring systems. 
At the same time, it was ascertained that 
/3-ionone itself gives 19-4% of geronic acid under 
similar conditions (Karrer and Morf, ibid. 1931, 
14, 1033), and hence the presence of two /3-ionone 
rings in ,8-carotene was established. 


CMe, 



H„C CMe 
CH 2 

/3-Ionone fragment. 


KMn0 4 


CMe, 

' 

H,C C0 2 H 

H,C 

\ 

CO,H 

aa-Dimethylglutaric 

acid. 


1 °’ 

CMe, 


H.d^ 


\ 


H,C 


COMe 

ch 2 

Geronic acid. 


From this data the symmetrical structure for 
/3-earotenc (I), p. 396, was postulated, the 
detailed structure of the polyene chain, in so far 
as the location of the methyl group attachments 
is concerned, being mainly based upon a high 
degreo of probability. 

The symmetrical structure (I) has recently 
been confirmed by Kuhn and Brockmann 
(Annalen, 1935, 516, 95) by means of an 
elegant .series of degradation experiments. Mild 
oxidation of jS-carotene with chromic acid gives 
a dihydroxy-/3-carotene (H) the constitution of 
which is established by its oxidation with the 
Criegeo reagent to semi-/3-carotenone (III). 
Controlled oxidation of either dihydroxy-/?- 
carotene or of semi-/3-carotenone with chromic 
acid gives /3-carotenone (V), also obtained by 
the direct oxidation of /3-carotene. An inter- 
mediate in tho oxidation of semi -/3-carotenone 
to /3-carotenone has been isolated by the mild 
chromic acid oxidation of dihydroxy -/3-carotene ; 
this is formulated as a dihydro xysemi-/3- 
carotenone (IV), since on oxidation with lead 
tetra-acetato it gives /3-carotenone. 

Further oxidation of either /3-carotenone, 
dihydroxysemi-/3-carotenone, semi -/3-carotenone, 
or of dihydroxy-/3-carotene with chromic acid 
gives /3-carotenone aldehyde, C,,H 36 0 3 (VI), 
which is also obtained by tho direct oxidation of 
/3-carotene. Tho identity and symmetrical 
distribution of the two ring systems of /3-carotene 
is satisfactorily confirmed by the non-occurrence 
of isomerides of the first four oxidation products 
(II, III, IV, V) of the pigment, and by the 
establishment of the function of the oxygen 
atoms present therein, whilst the complete 
symmetry of the polyene chain of the hydro- 
carbon follows from tho fact that one and only 


+ 


H 2 C 


CMe 


+ 


CMe, 


co 2 h 


ho 2 c 




CO„H 


ho 2 c 

aa-Dimethylsuccinic 

acid. 


Dimethylmalonic 

acid. 


one /3-carotenone aldehyde is obtained from the 
hydrocarbon and its first four oxidation products. 

/3-Carotenone aldehyde gives 4 mols. of 
acetic acid on drastic oxidation, from which it 
follows that its polyene chain carries three 
methyl group attachments, I mol. of acetic 
acid being ascribed to the terminal acetyl group. 
Without making an assumption regarding the 
location of the methyl group attachments in. 
the polyene chain, it is clear that the formation 
of /3-carotenone aldehyde from either /3-carotene 
or /3-carotenone is effected by chain fission 
between C 3 and C 4 (or between C 15 and C 16 ). 
Since /3-carotenone aldehyde contains only three 
methyl group attachments in the polyene chain 
it follows that one of the four jS-carotene extra- 
chain methyl groups is attached between the 
/3-ionone ring A and C., and another between the 
/3-ionone ring B and C 15 . 

/8-Carotenone aldehyde gives a dioxime with 
excess and a monoxime with 1 mol. of hydroxyl- 
amine ; the latter is a mixture of ketoxime and 
aldoxime and gives on dehydration a mixture of 
unchanged ketoxime and a nitrile which are 
separable chromatographically. Controlled 
hydrolysis of this nitrile gives an amide (VII), 
which is identical with anhydroazafrinoneamide 
prepared from azafrinone (VIII) by successive 
treatment with thionyl chloride and ammonia, 
followed by cyclisation of the l:6-diketone 
system with alkali. /3-Carotenone aldehyde is 
thus the aldehyde of azafrinone and the polyene 
chain of azafrin (IX) must be identical with part 
of that of /3-carotene ; evidence concerning tho 
polyene chain of azafrin can now be directly 
applied to that of /3-carotene. 

Oxidation of the methyl ester of azafrin gives a 
mixture of two aldehyde esters, azafrinal-I 
methyl ester (X). C I5 H I8 0 3 , and azafrinal-II 
methyl ester (XI), C 13 H 16 0 3 , both of which 
contain two extra-chain methyl groups. Tho 
formation of the former is consequent upon 
rupture of the azafrin polyene chain between 
C 3 and C 4 , and of the latter upon rupture 
between C 6 and C 6 . Since both aldehydes 
contain only two extra-chain methyl groups, the 
third extra-chain methyl group of azafrin must 
be located between the ring and C 4 , a con- 
clusion in harmony with that arrived at from 



398 


CAROTENE. 


CH CH CMeCH CH.CH CMe.CH CHCH CH.CMe CH.CH CH CMeCHCH^V 
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H,C CO— CH.CH CMe.CH CH.CH CMe.CH CH.CH CH CMe CH CH CHO 

H.C COMe 

CH, VI. P-Carotenone aldehyde. 


P=the poljCDC chain (C, — C„) in (3 carotene. 

P*= the polyene chain (C, — C, ( ) in p carotenone aldehyde. 
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a consideration of fl-carotenone aldehyde. 
Furthermore, since azafrinal-II is an aldehyde, a 
methyl group cannot bo attached to C 6 , so both 
methyl groups of the azafrinals-I and -II must 
bo attached between C 7 and C 14 . Thermal 
decomposition of azafrin gives m-toluic acid, 
m-xylene, and toluene, from which it is clear 
that a methyl group must bo attached at either 
C 10 or C 12 , a conclusion necessitating a sym- 
metrically attached methyl group at either C 9 
or C, respectively; t.e. the polyene chain of 
azafrin has methyl group attachments at either 
C B and C 10 or C, and C 12 . The former arrange- 
ment, however, does not allow of the interpreta- 
tion of the formation of m-x ylone by thermal 
decomposition of azafrin ; consequently methyl 
groups must bo attached to C 12 and C-. 
The formation of m-xy lene from azafrin now 
requires that the third methyl group of its 
polyene chain is attached to C 3 . The sym- 
metrical nature of the ^-carotene chain locates 
the remaining extra-chain methyl group at 
C 16 ; therefore the polyene chain of /?-carotenc 
carries methyl group attachments at C 3 , C 7 
C ]2 , and C J6 , and the symmetrical structure (I) 
for /1-carotene is experimentally confirmed. 

a-Carotene, C 40 H 56 , crystallises from a 
mixture of henzene and methyl alcohol in deep 
red prisms, m.p. 187°-188°, fa]’”,,, +385° (in 
benzene) ; absorption maxima 507, 478 (e= 
130,000), and 446 m/i in carbon disulphide. 
With antimony trichloride in chloroform solu- 
tion it gives a blue solution exhibiting an 
absorption maximum at S42m/i. Ozonisation 
of a-carotene yields tsogeronic acid, in addition 
to geronic acid, and as tho optical activity 
indicates asymmetry Karrer proposed the 
structuro (XII) for tho pigment (Helv. Chim. 
Acta, 1933, 16, 975). a-Caroteno can replace 
vitamin A in the diet of animals ; in consequence 
of tho fact that it contains only one /3-iononc 
fragment, its physiological activity is only half 
that of /J-carolene (Kuhn and Brockmann, 
Annalen, 1935, 516, 95). 
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Various oxidation products of a-carotono have 
been described (Karrer, Solmssen and Walker, 
Helv. Chim. Acta, 1934, 17, 417; Karrer, 
von Euler, and Solmssen, ibid. 1934, 17, 
1169). 

y-Carolene , C 40 H 5C , crystallises from a mixture 
of benzene and methyl alcohol in deep red prisms 


with a blue reflex. It exhibits absorption 
maxima at 533, 496, and 463 my, in carbon 
disulphide. Kuhn and Brockmann (Ber. 1933, 
66, [B], 407) showed that y-carotene absorbs 
12 mols. of hydrogen on catalytic hydrogenation, 
and that ozonolysis yielded 1 mol. of acetone 
and 1 mol. of geronic acid, from which data 
they have proposed the monocyclic structure 
(XIII) : 


H 2 C 


CMe, 


-HC 


CMe, 

V 

CH 
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CMe 


MeC 


CH, 




CH, 


XIII. y-Carotene. 


This formulation is supported by tho physio- 
logical activity of the pigment, which is equal 
to that of a-carotene. 

iso Carotene or 8-carotene, C 40 H 56 , does not 
appear to exist in nature. It is prepared by 
the decomposition of /J-carotene di-iodide, with 
sodium thiosulphate and forms violet crystals, 
m.p. 180°-181°, from a mixture of benzene and 
methyl alcohol (Kuhn and Lederer, Ber. 1932, 
65, [B], 637). Karrer, Schopp, and Morf (Helv. 
Chim. Acta, 1932, 15, 1158), however, give m.p. 
192°-193° for wocarotene ; they report that it 
contains 12 ethenoid linkages, and that ozone 
gives neither geronic nor isogeronic acids, 
indicating the absence of both the a- and the p- 
ionone ring systems. 

pseudo-a.-Caroiene.~By repeated chromato- 
graphic adsorption on alumina, /1-carotene is 
isomerised to pseudo- a-carotene, m.p. 166°, 
which on re-adsorption is partially reconverted 
into fl-carotene ; pseudo-a - carotene is spectro- 
scopically identical with a-carotene, but differs 
from it in being optically inactive. Catalytic 
hydrogenation indicates that the new isomeride 
contains eleven ethenoid linkages, absorption 
spectra data showing that only ten of these 
are conjugated (Gillam and El Ridi, Biochem. 
J. 1936, 30, 1735). 

I. M. H., R. F. P., and F. S. S. 

CAROTENOIDS (lipochromes, polyene 
pigments ; see also under individual pigments, 
Alga:, and Vitamin A). The carotenoids com- 
prise a class of bright yellow to violet pigments 
widely distributed in both the vegetable and 
animal kingdoms. They are insoluble in water 
but freely soluble in the usual lipoid solvents 
(hence tho alternative name lipochromes). 
Further, they aro characterised by their sensi- 
tivity to oxygen, by which they are bleached, by 
the blue colours which they give with concen- 
trated sulphuric acid, and by their well-defined 
absorption spectra. They are either hydro- 
carbons or oxygenated derivatives thereof ; no 
naturally occurring carotenoids are known which 
contain other elements. The name carotenoid 
is derived from tho orange-yellow pigment 
carotene first obtained from the carrot ( Daucns 
carota) by Wackenroder in 1831 (c/. Tswett, 
Ber. deut. bot. Ges., 1911, 29, 630). 

The first investigations of chemical significance 
are due to Willstatterand his collaborators, who 
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daring the y cats 1906-19 U isolated several of 
the more common carotenoids in crystalline 
form and established their empirical formula;. 
Thus Willstatter and Mieg (Annalen, 1907, 355, 
1) showed that carotene is a hydrocarbon, 
C„H S „ and demonstrated that it also accom- 
panies chlorophyll in green leaves. WilUt&Uer 
and Eseher (Z physioL Chem. 1910, 64, 47) 
showed that lycopene, the pigment previously 
isolated from the npe tomato by Slillardct, is 
on isomer of carotene. An oxygenated member 
of the senes, leaf xantbophyll, C 10 H J$ O t , was 
isolated by \ViUstkUer and Mieg (l c.) who found 
that it accompanies chlorophyll and carotene 
in leaf foliage. The yellow lipocbrone of egg 
yolk, lutein, C 10 H 14 Oj, was shown to be closely 
related to, if not identical with, leaf xantbophyll 
flVillstStter and Eseher, Z physiol Chem. 1912, 
76. 214). 

Of other pigments described at this period, 
mention may be madeof fucoxanthin, C 40 H }4 0 6 , 
obtained from Fuc ua lestcvlosus, a member of 
the brown alg® (Willstattcr and Page, Annalen, 
1911, 404, 237 ; for a complete review, see 
WilUt&tter and Stoll, ‘‘Unteranchungeu uber 
Chlorophyll," Berlin, 1913 ; and “Untersuch- 
tingen iiber Assimilation der KohJeneafire,” 
Berlin, 1918). 

The rational development of the chemistry 
of the carotenoid pigments after this preliminary 
period of isolation and characterisation was 
made possible by the introduction of the method 
of quantitative catalytic hydrogenation ; by 
this method. Karrer and Widmer (Helv. Cbim. 
Acta, 1928, 11, 751) found that lycopene absorbs 
13 mols. of hydrogen yielding a paraffin hydro 
carbon, C 10 H t2 . from which it follows that 
lycopene must be acyclic. In the same way, 
Kuhn, Wwterstein and Kaufmann found that 
lutein is dicyclic (Ber 1930, 63, [B], 1489). The 
more important of the subsequent mi estigations 
which led to the elucidation of the structure of 
the carotenoids include, on the one hand, a etudy 
of tbo synthetic diphenylpolyenes (Kuhn and 
Winterstein, Heir. Chim Acta, 1928, 11, 87, 
427 , 1929, 12, 899) which effected a correlation 
of colour with the degree of conjugation, and on 
the other, the oxidation (ozone and potassium 
permanganate) experiments of Karrer, to which 
more specific reference will be made later. 

Contemporaneously, a method was being 
refashioned and applied to the study of caro- 
tenoids which was to exert a profound influence 
upon the future development of the subject. 
In 1906 Tswett observed that when a solution 
of a carotenoid mixture in a nan-polar solvent 
is filtered through a column of an adsorbent 
such as calcium carbonate, the components of 
tho mixture orient themselves as separate 
coloured zones easily identified on the white 
adsorbent. The definition and individuality 
of tho zones is increased by continued washing 
with the pure solvent (" development of the 
chromatogram”), after which they are separated 
mechanically and the pigments extracted from : 
the adsorbent. In addition to its value as a 
..means of resolution of carotenoid mixture* the 
method also provides constitutional information 
In so far as it is established that hydroxylated 
carotenoids are considerably more strongly 


adsorbed than are the hydrocarbon 
and secondly that the location of the pigmented 
zones upon the chromatogram is dependent 
upon the magnitude of both tho total and 
conjugated unsaturation of the different pig- 
ments. 

The most useful adsorbents for chromato- 
graphic resolution of carotenoid pigment* are 
alumina, calcium hydroxide, calcium carbonate, 
and magnesia. After the mechanical separation 
of the coloured zone of the developed chromato- 
gram, the pigment is isolated by extraction with 
methyl alcohol, and a further purification 
effected by a repetition of the process with each 
of the components A final purification a 
achieved by crystallisation. A complete account 
of tho varying techniques and applications of 
chromatography' is to be found in the 
monograph by Zechmeiater and Cholnoty, 
"DieChromatographische Adsorptionsmethode," 
Vienna, 1937. The variation in the tenacity 
with which a group of carotenoids is held by 
adsorbents is illustrated in Table I (Winterstem, 
“Klein's Handbuch der Pflanzenanalyse,” 
Vienna, 1933, II, 1403). It is to be noted that in 
the case of the xanthophylls, the more heavily 
oxygenated the pigment, the more strongly is it 
adsorbed, whilst hydrocarbons are relatively 
weakly adsorbed. In this respect, completely 
estenfied xanthophylls are intermediate between 
the hydrocarbon* and the xanthophylls. 


Solvent Light petroleum. Adsorbing media 

More Fucoxanthin ") 
strongly \ lolaxanthm I 

adsorbed Taraxanthin V ,i A .v.r. tCaksum 
Flaioxanthln f Alconols Carbonate 
Zeaxanthln I 
Lutein J 

}»•■» 

«“ M ty Inito il "‘“ 

adsorbed Carotene t carbons 
o Carotene J 

A preliminary partial separation of tho com 
ponents of a carotenoid mixture is often possible 
by partition between two non-miscible solvent* 
Thu3, when a mixture of pigments is shaken with 
light petroleum and 80-90% methyl alcohol, 
the hydrocarbons and esters in general partition 
into the light petroleum phase (epiphasic pig- 
ments) w hilst more strongly hydroxy lated com- 
ponents pass preferentially into the alcohol 
(hypophasic pigments). The method is illus- 
trated by the appended scheme (Table II) f° r 
the separation of a mixture of a- and j3 carotene*, 
lycopene, lutein and its esters, zcasanthin and 
its esters, violaxanthin and its esters, crocetin, 
and chlorophyll (Kuhn and Brockmann, Z 
physiol. Chem. 1932, 206, 41). 

The methods which are briefly sketched u> 
Table II have for the most part been of in- 
estimable service in the isolation and purifi- 
cation of carotenoid pigments. The study of the 
light absorption properties of the carotenoid*- 
on the other hand, ha* been of more fundament 41 
value in the constitutional study of these pig 
ments. In by far the greater number of the 
carotenoids the chromophoric group reapocsibk 
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Table II. — Mixture Partitioned between 
Light Petroleum and 90% Methanol. 


Light petroleum phase. 

Methanol phase. 

a - and ^-Carotenes, lyco- 
pene, xanthophyll - 

esters and chlorophyll. 
Saponified and reparti- 
tioned between light 
petroleum and 90% 
methanol. 

Free lutein, zcaxanthin, 
violaxanthin, crocetin, 
and chlorophyll (traces). 
Mixture saponified, di- 
luted with an equal 
volume of water and 
again extracted with 
light petroleum. 

Light 

petroleum. 

Alcohol. 

Light 

petroleum. 

1 Alcoholic- 
aqueous 
alkali. 

a- ami /?- 
Carotcues 
Lycopene. 

Diluted 
and ex- 
tracted 
with light 
petroleum : 
Lutein 
Zcaxanthin, 
Viola- 
xanthin. 

Xutcin. 

Zeaxanthin 

Viola- 

xanthin. 

Chlorophyll 
and croce- 
tin. Acidify 
and extract 
with light 
petroleum : 
Crocetin. 


for the selective absorption of light and conse- 
quently for the colour is the conjugated polyene 
chain. It is well established that an increase 
in the number of conjugated linkages is accom- 
panied by a displacement of the absorption 
maxima towards the red end of the spectrum. 
Conversely, a knowledge of the location of the 
absorption maxima of a carotenoid allows of a 
prediction of the nature of the chromophoric 
group. It is not possible in this review to 
recount the various rdles played by spectro- 
scopy in carotenoid chemistry ; it must suffice 
to quote the absorption maxima of a series of 
carotenoids and their derivatives (Table III) 
in which the effect of alteration of the chromo- 
phoro upon the location of these maxima is 
apparent. 

Table III. 


Chroinophore.* 

Carotenoid. 

Optical maxima 
(in carbon 
disulphide). 

10 |= d C:0 

Eyeopenal 1 

509, 528-5, 493-5. 

11 V 

fc* + 9t=+C:0 

Lycopene 2 

548, 507-5, 477. 

Oopsanthln 3 

543, 503-5. 

P ' + 9 £ + C-.O 

Scmi-/5- 

carotenone 4 

538,499. 

C:0 + 9{=+C:0 

P'Carotcnonr. 5 

53S, 499, 400. 

C:O + 0 (g +C:0 

Capsorubln 3 

541-5, 503, 408. 

C:O + 0t= + C:O 

Bixin dinide- 
liyde 3 

539-5, 502, 4G7-5. 

0 t=+C:0 

SomLa- 

carotcnono c 

533, 499. 

{=' + 10 

y-Cnrotene 7 

533-5, 490, 403. 

(=' + 9£ + {=' 

/1-Carotene 8 

520, 484, 452. 

P'+9 P 

a-Cnrotcne 8 

511, 478, 400. 


Oxy-a- 
Carotone 0 

502, 471, 440. 


* 1= ' Indicates a conjugated cyclic ctlicnoid linkage. 

* Kuhn and Grundmann, Ber. 1032, 65, [B], 898. 

’ Idem., ibid. 1932, 65. (BJ, 18S0. 

3 Zechmeister and Cholnoky, Annalcn, 1935. 516, 30. 
: Kuhn and Broekmann, Bcr. 1933 66, [B], 1319. 

1 Idem., ibid. 1932, 65, [BJ, 898. 

6 Karrer and Solmsscn, Hclv. Chira. Acta, 1935, 18, 
25. 

7 Kuhn and Broekmnnn, Bcr. 1933, 68, 107. 

8 Kuhn and Lcdcrer, Z. phvsloi. Chem. 1931, 200, 
210 . 

* Knrrer, Euler, and Solmssen, Hclv. Chlm. Acta, 
1931,17,1169. 


Molecular Structure of the 
Carotenoids. 

A. Plant Carotenoids. — Hydrocarbons . — 
Carotene ( q.v .) The tomato pigment lycopene 
has the acyclic structure (I) p. 400 (Karrer and 
Widmer, Hclv. Chim. Acta, 1928, 11, 751 ; 
Karrer and Baclimann, ibid. 1929, 12, 285 ; 
Karrer, Helfenstein and Wehrli ibid. 1930, 13, 
87 ; Karrer, Helfenstein. Wehrli and Wettstein, 
ibid. 1930, 13, 1084 ; Karrer, Helfenstein, Pieper 
and Wettstein, ibid. 1931, 14, 435). 

Alcohols or Xanthophylls. — The leaf xantho- 
phyll described by Willstatter and Mi eg (l.c.) 
is a mixture, the principal component being 
identical with the pigment from egg yolk (Kulin, 
Winterstein, and Lederer, Z. physiol. Chem. 
1931, 197, 141). The name lutein is retained 
for this latter lipochrome, the term “ xantho- 
phyll ” being used to designate tlie carotenoid 
alcohols as a class. Three monohydroxy xantho - 
phylls, C 40 H 66 O, have been characterised. 
Kryptoxanthin (II) occurs in berries of the 
Physalis species (Kuhn and Grundmann, Ber. 
1933, 66, [B], 1746) in yellow maize (ibid. 1934, 
67, [B], 593) and in the orange, Citrus Aurantium 
(Zechmeister and Tuzson, ibid. 1936, 69, [B], 
1879), rubixanthin (III) is obtained from the 
hips of the dog-rose ( Rosa canina) (Kuhn and 
Grundmann, ibid. 1934, 67, [BJ, 339, 1133), and 
lycoxanihin (VII) from bitter-sweet (Solanum 
Dulcamara) (Zechmeister and Cholnoky, ibid. 
1936, 69, [B], 422). 

With the exception of carotene, the most 
abundant lipochrome pigments found in nature 
are the dihydroxyxanthophylls ; lutein (V) (Kuhn, 
Winterstein and Lederer, Z. physiol. Chem. 
1931, 197, 141) is found in leaf foliage and in egg- 
yolk, whilst the isomeric zeaxanlhin ( see p. 273) 
also occurs in many Bpecies of leaves and fruits. 
It is most readily isolated from maize ( Zca 
Mays) (Karrer, Wehrli, and Helfenstein, Helv. 
Chim. Acta, 1930, 13, 268,; Kuhn, Winterstein, 
and Kaufmann, Ber. 1930, 63, [B], 1489). The 
aliphatic analogue lycophyll (VI) has recently 
been isolated by Zechmeister and Cholnoky 
(ibid. 1936, 69, 422) from bittersweet (Solanum 
Dulcamara). 

Owing to their relative inaccessibility xantho- 
phylls containing 3 oxygen atoms have not 
been investigated in any great detail. In the 
case of flavoxanthin, C 40 H 50 O 3 , which is 
obtained from the buttercup (Ranunculus acer), 
the 3 oxygen atoms have been characterised 
as hydroxyl groups (Kuhn and Brockmann, 
Z. physio). Chem. 1932, 213, 192). Anlhera- 
xanthin, from the pollen sacs of the tiger lily 
(Lilium ligrinum) (Karrer and Oswald, Helv. 
Chim. Acta, 1935, 18, 1303) and petaloxanlhin, 
from the blossom of Cucurbila Pepo (Zechmeister, 
B6res, and Ujhclyi, Ber. 1936, 69, [B], 573), both 
of which are formulated as C 40 H 5C O 3 , have been 
described. 

Two tetra-oxygenated xanthophylls have been 
recognised in violaxanthin, C. I0 H 5C O 4 , most 
readily obtained from the pansy ( Viola tricolor) 
(Kuhn and Winterstein, ibid. 1931, 64, 326 ; 
Karrer and Solmssen, Helv. Chim. Acta, 1936, 
19, 1024), and taraxanthin, C 40 H 6c O 4 , from 
the dandelion ( Taraxacum officinale) (Kuhn 
and Lederer, Z. physiol. Chem. 1931, 200, 108). 
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Of tlic more highly oxygenated members of 
this series mention limy be made of the algal 
carotenoids fvcoxanthin, C, 10 H 36 O 6 , the cha- 
racteristic pigment of brown seaweed (see 
Alc.e) (Willstfttter and Page, Annalen, 1914. 
404, 237 ; Heilbron and Phipers, Biochem. ,T. 

1935, 29, 1369), and myxoxanthoplnjll, 

C 40 H 50 O 7 (Heilbron and Lythgoe, J.C.S. 

1936, 1376) from Oscillatoria rubrcscens, a blue- 
green alga. 

Esters. — The xantbophylls exist in the plant 
cell both free and as esters of the fatty acids. 
Thus physalien (VII), the dipalmitate of zea- 
xanthin (p. 273), was isolated by Kuhn and 
Wiegand, (Helv. Cliim. Acta, 1929, 12, 499) from 
the berries of the Physalis species, and helenien 
(VIII), the dipalmitate of lutein, from Helenium 
autumnale (Kuhn and Winterstein, Naturwiss. 
1930, 18, 754). 

Ketones. — The pigment of the red yew berry 
(Taxus baccala ) has been shown to be a diketone, 
rhodoxanthin (XI) (Kuhn and Brockmann, 
Ber. 1933, 66, 828). Zcchmeister and Cholnoky 
(Annalen, 1934, 509, 269 ; 1935, 516, 30) have 
shown that two closely related hydroxy-ketones, 
capsanthin and capsorubin (sec p. 273), occur 
together with zeaxanthin in Spanish red pepper 
or paprika (Capsicum annuum). Two ketonic 
carotenoids have recently been isolated from 
lower forms of plant life — myxoxanthin (IX) 
from tho alga, Oscillatoria rubrcscens (Heilbron 
and Lythgoe, l.c.), and euglenarbodone (X) from 
Euglcna sanguined (Tischer, Z. physiol. Chem. 
1936, 239, 257). 

Plant Lipochrom&s oj Molecular Complexity 
less than C 40 .— -The carotenoids described above 
ail contain 40 carbon atoms in the molecule. 
Several naturally occurring carotenoids, how- 
ever, have been isolated which arc of con- 
siderably lower molecular complexity. With the 
exception of citraurin, recently isolated from 
the orange (Citrus A urantivm) (Zcchmeister and 
Tuzson, Ber. 1930, 69, 1878) and which is pre- 
sumed to be an aldehyde, these related pig- 
ments are carboxylic acids. Bixin, C 2S H 30 O 4 
(see Vol. I, p. 378), is the colouring matter of 
annatto seeds ( Bixa Orellana ), and crocelin, 
C00H24O4 (XII) is tho pigment derived from 
sattran (Crocus sativus) (Karrer, Benz, Morf, 
llaudnitz, Stoll and Tnkahashi, Helv. Cliim. Acta, 
1932, 15, 1218, 1399 ; Kuhn and Winterstein, 
Ber. 1932, 65, 046 ; Karrer and Salomon, Helv. 
Phi in. Acta, 1027, 10, 397). Azafrin, C 2 -H 3 S Oj ] 
(sec p. 390), is isolated from the azafranillo root | 
(Escobedia scabrifolia) (Kuhn and Deutsch, 
Ber. 1933, 66, 883 ; Kuhn and Brockmann, 
Annalen, 1935, 516, 95). Kuhn and Winter- 
stem (Ber. 1932, 65, 640 ; Xaturwiss. 1933, 21, 
527) have suggested that the true carotenoids 
(C 4 o) and those of smaller complexity are 
phytoehomicnlly related in that the latter are 
formed by the oxidation of the former. This 
relationship is pictorially illustrated at top of 
next column. 

It is of great interest to note that the degrada- 
tion both of lycopene to worbixin (Kuhn and 
Grundmann, Ber. 1932, 65, S98, 18S0) and of 
^-carotene to a derivative of azafrin (Kuhn 
and Brockmann, Annalen, 1935, 516, 95) have 
been experimentally realised. 
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Animal Carotenoids. — The extensive re- 
searches of Zcchmeister and his collaborators 
have shown that the more abundant carotenoids 
of mammalian tissue are the carotenes, lutein, 
and zeaxanthin, which are the typical caroten- 
oids of green foliage. Only in the lower forms 
of animal life arc distinct carotenoids found 
which so far have not been detected in plant 
tissue ; thus astacin (sec Vol. I, p. 532) is the 
characteristic pigment of the Crustacea (Kuhn 
and Lederer, Ber. 1933, 66, 488 ; Karrer and 
Benz, Helv. Chim. Acta, 1934, 17, 412 ; Karrer 
nnd Loewe. ibid. 745 ; Karrer, Loewe, and 
Hiibner, ibid. 1935, 18, 96). 

The sea anemone (Actinia equina) contains a 
xanthophyll-ester, actinioerythrin, hydrolysis of 
which gives the pigment violerythrin (Fabre 
and Lederer, Bull. Soc. Chim. biol. 1934, 16, 
105 ; Heilbron, Jackson, and Jones, Biochem. 
J. 1935, 29, 1384). Many other animal caro- 
tenoids such as cynthiaxanthin, glycymerin, 
peuiaxanlhin , paclcnoxanihin, and echintnonc 
have been described in the last few years, hut the 
nature nnd even the entity of many of these is 
doubtful (see Lederer, “Les Carotenoids des 
Animaux,” Paris, 1935, for a more complete 
review). 

Carotenoids of Bacteria. — Rliodovibrio- 
bacteria (purple bacteria) contain a series of 
carotenoid pigments. Of these, only rhodo- 
violascin , C 42 H 60 O : , has been clearly character- 
ised. It is of great interest in being the only 
non-hydrolysable carotenoid pigment so far 
isolated which contains more than 40 carbon 
atoms. The two extra carbon atoms arc present 
as methoxyl groups (Karrer and Solmssen, IIclv. 
Chim. Acta, 1935, 18, 1306 ; 1936, 19, 3). 

Biosynthesis of the Carotenoids. — Two 
general principles of carotenoid chemistry are 
to be noted from a study of the molecular 
formula! (I)-(X). First, they all contain a 
long chain of conjugated ethylenie linkages, 
in most cases terminated by an ionono ring. 
Secondly, the polyene chain carries methyl 
group attachments, at regular intervals, in such 
a manner that the whole molecule can be dis- 
sected into isoprenc units. The carotenoids are 
thus potyterpenoid in nature. From the com- 
plete symmetry of the lycopene molecule, it is 
clear that the fusion of eight isoprene units 
cannot he effected in the normal “ head-tail ” 
manner but rather by such a condensation of 
fourunitsand theself-rondensation of two of the 
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C 10 fragments so formed. Wilt this in mind, by the condensation of 2 mote. of the aldehyde 
Karrer, liclfenatein,t\ ehrli, andWettstein (Helv. (XIII) related to phjtol (XII) (Fischer wd 
Chim. Acta, 1930, 13, 11IS4) suggested that the Low enberg, Annalen, 1929, 475, 183) followed 
pbjtosjn thesis of carotenoids may be effected by dehydrogenation to give lycopene. 
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P=the poljene chain (C,-C u ) in j? carotene (p 30C) 


1’lIYSIOLOOICAL IMPORTANCE OF THE CARO- 
TENOIDS —The extcnsiv e ins cstigations of Steen- 
boek and his collaborators (Stecnbock, Science, 
1919, 50, 352 ; Stcenbock and lioutwell, J Biol. 
Chem 1920, 41, 81, 131 , Steenbock and Sell, 
ihid. 1922, 51, 63) indicated a connection 
between the vitamin A nctmty of plant 
materials and their carotene content, but it 
was not until 1929 that full substantiation of j 
Stcenbock's view was forthcoming from the 
experiments of von Euler, who proved that 
carotene can replace vitamin A in the diet of 
animals (von Euler and von Euler, Svensk Kem. 
Tidskr 1928, 40, 242 ; von Euler, von Euler, and 
Helistrum, Biochem Z 1928, 203, 370; von 
Euler, von Euler, and Karrer, Helv Chitn Acta, 
1929, 12, 278) Later, Jloore (Biochcm J 
1929, 23, 803, 1267, 1930, 24, 692) showed 
that whereas the liver oil of rats suffering from 
vitamin A deficiency gave no characteristic 
CMe, 


vitamin reactions, when the diet of the animals 
was supplemented by carotene, vitamin A 
accumulated in the bver. These experiments, 
which have been fully confirmed by other 
workers, show that carotene is converted into 
vitamin A in the animal organism. 

The most prolific and accessible sources of 
vitamin A arc the liver oils of the cod and hali- 
but. The vitamin prepared from such souirei 
is a highly viscous, nearly colourless oil cha- 
racterised by its intense absorption in the ultra- 
violet with maximum at 328mjx, ana by the 
blue coloration which it gives with antimony 
trichloride. Vitamin A (XIV) (Karrer, Blorf, 
and Scbopp, Helv. Chira. Acta, 1931, 14, 1036) 
is a primary alcohol containing a system of 
five conjugated ethylcnic linkages and )t» 
relationship to [} carotene is represented by 
the equation : 
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In support of this relationship Kuhn (Z. 
physiol. Chcra. 1933, 221, 129) has shown that 
/?- carotene is approximately twice ns physio- 
logically potent as either a- or y-carotene and 
furthermore it has been shown (Kuhn and 
Brockmann, Annalen, 1935, 516, 95) that all 
the degradation products of /3-carotene in which 
one half of the molecule remains intact and 
unsubstituted, possess vitamin A activity. 

I. M. H., R. F. P. and P. S. S. 
CAROUBIN and CAROUBINOSE. 
The caroubin and caroubinose described by 
Effront (Coinpt. rend. 1897, 125, 38, 116) are 
mannan and d-mannoso respectively (van 
Ekerstein, Compt. rend. 1897, 125, 719). 

CARPAINE, C u H 25 0,N (I), was first 
isolated from Carica Papaya (N.O. Caricacea?) 
by Greshoff (Mcded. uit’s Plantentuin, 1890, 7, 
5) and afterwards by Wester (Chem. Zentr. 
1914, I, 1353) from V asconcellea hastata 
(Caricacea?). Eor history, botanical details, and 
early chemical literature, cf. van Rijn (Arch. 
Pharm. 1893, 231, 184 ; ibid. 1897, 235, 332). 

van Rijn ( l.c . 1893) gives a detailed descrip- 
tion for the extraction of dried papaya leaves. 
The yields of (I) vary considerably— old leaves 
give less alkaloid (0*07%), young leaves con- 
siderably more (Greshoff, l.c. 0-25%) ; Barger, 
Girardct and Robinson (Helv. Chim. Acta, 
1933, 16, 90) found less (I) : young leaves of 
older trees 0 036%, seedlings specially grown 
0022 %). 

(I) crystallises in monoclinic prisms, m.p. 121°, 
b.p. 215°-235°, [a] D +21°55' in alcoholic solu- 
tion ; it is easily soluble in most organic solvents, 
but not in light petroleum or in H„0. B-HCI 
m.p. 225°, and B-H 2 S0 4 ,3H 2 0~ soluble in 
HjO ; B-HBr, B-HI,and B-HN0 3 sparingly 
soluble in H 2 0 ; B-H AuCI 4 ,5H 2 0, yellow 
needles, m.p. 205° (dry, from alcohol). Nitroso- 
carpaine crystallises from alcohol in small, 
colourless prisms, m.p. 144°-145° ; N-methyl- 
carpnine, small prisms, m.p. 71° (from dilute 
nlcohol). 

Barger (J.C.S. 1910, 97, 466) prepared 
carpamic acid (long needles, m.p. 224°, from 
alcohol-acetone) by acid and alkaline hydro- 
lysis of (I) and suggested the presence of a lac- 
tone ring. Barger, Girardct and Robinson (Z.c.) 
definitely identified suberic and azelaic acids 
respectively as oxidation products. They also 
obtained evidence for the presence of a pyr- 
rolidino ring. 

^ Barger, Robinson and Work (J.C.S. 1937, 
711) conclude that carpaine has the following 
structure : 


mic acid is obtained, which on ozonisation 
yields an acid, probably 

CH 3 -CO-[CH 2 ] 7 -COOH, 

and on oxidation with permanganate, azelaic 
acid. The large lactone ring has so far prevented 
the conversion of tasteless carpamic acid to the 
very bitter carpaine. For pharmacological action 
of carpaine, cf. van Rijn (l.c. 1893, 231, 184), 
Alcock and Meyer (Arch. f. Physiol. 1903, 225), 
Kakowski (Arch, intern, pharmac. therapie, 
1905, 15, 84), and Tu (Ber. ges. Physiol, u. 
Exper. Pharmakol. 1926, 37, 910). Schl. 

CARP1LINE. A name given by Leger- 
Roques to filosine, one of the Jaborandi alkaloids. 

CARPOTROCHE OIL. Oil of Garpo- 
Iroche brasiliensis, forms 63-69% of the seed, 
0}£° +58-9° in chloroform, n 25 1-4792, acid value 
0-4, iodine value 112-8, saponification value 201. 
(Jamieson, 1932, A, 515). 

CARRAGHEEN (alternatively Carrageen, 
Caragheen). Carragheen, known as Irish Pearl 
Moss, is the common name for the red alga 
Chondnts crispus Stackhouse (Fam.' Gigar- 
tinaceie), which is exposed at low spring tides. - 
Carragheen is marketed in yellow translucent 
strips of 5-30 cm. in length ; it is almost com- 
pletely soluble in hot water, the solution setting 
to a jelly on cooling. The jelly- is used as a 
demulcent, as a sizo substitute, as a protective 
colloid, and to emulsify cod-liver oil. De Jong 
and Gwan (KoIIoid Chem. Bcih. 1929, 29, 435) 
showed that solutions of carragheen possess an 
unusually high viscosity. Carragheen contains 
90% dry matter known as carragheenin which is 
probably allied to pectin. Carragheenin, which 
is coagulated by azine and thiazine dyes (Justin- 
Mucller, Bull. Soc. chim. 1924, 35, 390) may 
be assayed by precipitation with benzidine 
hydrochloride solution (Haas and Russeli-Wells. 
Analyst, 1927, 52, 205). It is a mixture of 
two substances, one soluble in hot water to give 
a viscous solution which docs not set to a gel on 
concentration and cooling, and the other slightly 
soluble in hot water and setting to a gel on 
cooling (Haas and Russell-Wells, Biochem. J. 
1921, 15, 469 ; 1922, 16, 578 ; 1929, 23, 425). 

_ I. M. H., R. F. P. and F. S. S. 

CARROT, the tapering tap-root of Daucus 
carola, Linn. Red varieties are commonly used 
for domestic purposes and the white (or Belgian) 
type, although not very- extensively used, are 
valued in some districts for feeding horses 
and dairy cattle. The following are ty-pical 
analyses: 


H 2 C CH„ O— CO 


HjC 


CH C • [CH,], 

I 

NH CH, 


Carpamic acid is a tertiary- nlcohol ; hydriodic 
acid and phosphorus reduce it to a hydrocarbon 
and ammonia. By exhaustive mcthylation and 
reduction an acid, CjjH^Oj, is obtained. 
This acid and the hydrocarbon, like carpaine 
itself, contain one C-methyl group. By the 
action of phosphorus pentachloridc, followed by- 
alcoholic potassium hydroxide, anhydro carpa- 


Pro- N-frce 

H 2 0 tcin Fat extract Fibro Ash 

% % % % % % 

Kellner . . 87-0 1-2 0-2 9-3 1-3 1-0 

Lindsey 

el al'. 1 . . S9-0 1-0 0-1 7-9 1-0 1-0 

1 Massachusetts Agric. Exp. Sta. Bull. 1919. 

According to Platenius (Plant Physiol. 1934, 9, 
671 ; Cornell Univ. Agric. Exp. Sta. Mem. 
1934, No. ZG1, 3-18) variations in composition 
of carrots during growth are small in comparison 
with those of many- other root crops. The fibre 
and total carbohydrate contents increase some- 
what, and the protein content tends to decline 
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with advancing age. Of the sugars only 
and glucose are present, the former increasing 
at the expense of the Jatter as growth proceeds. 
Starch is present at all stages of growth. Falk 
(Ind. Eng. Chem. 1919, 11, 1133) gives the 
following data for the carbohydrates of fresh 
carrots in terms of percentage of total: Reducing 
sugars before hydrolysis 57-1, dextrin and 
soluble starch 2 7, insoluble starch 5 1, total 
reducing sugars after hydrolysis 92 2%. Siebelm 
(Chem.-Ztg. 1900, 30, 401) reports 8 43% of 
pentosans and 2 59% of methyl pentosans in 
the dry matter of carrots. The flavour of 
carrots is closely associated with the sucrose 
content (Platcnms, le.). The stile or central 
core of the carrot contains a larger proportion of 
protopectin than does the cortex although the 
true pectin content of both parts is very similar 
(Buston and Kirkpatrick, Ann. Bot. 1931, 45, 
519). 

The colouring matter of red varieties consists 
largely of a- and jl carotene, which is also 
present in smaller amounts in the leaves 
(Mackinncy and Milner, J. Amcr. Chem. Soc. 
1933, 55, 4728). As a vitamin source carrots 
rank highly m respect of A, are a fairly good 
source of B, but contain rather small propor- 
tions of C. Storage of carrots does not involve 
serious loss of vitamin potency, but vacuum 
drying causes approximately 80% loss of 
vitamin A (Fraps and Troichler, J. Agric. Res 
1933, 47, 539). 

According to Snyder (U.S. Dept. Agnc. Off. 
Exp. Sta. Bull. 1897, No. 43, 7 pp ), there is 
considerable loss of nutrient value on boiling 
carrots. This loss may amount to 20-30% 
of the total solids, 20-40% of the total nitrogen, 
15-26% of the sugars, and 30-45% of the ash 
constituents. Hoskins (Massachusetts Agnc. 
Exp. Sta. Spec. Bull 1919. No. 95) records the 
ash analysis of carrots as : total ash 0-92, 
K,0 0 51, Na,0 0-06, CaO 0 07, MgO 0 02, 
and P,O s 0 09% of the fresh vegetable. The 
proportions of trace elements reported by various 
investigators inclnde Fe 2 2-5 4, Al 2 2-3 0, 
Mn 1-9-91, Cu 0 7-2 2, Zn 2 9-4-3, As 0 05 
ing. por kg. of fresh roots. 

Carrot seeds yield an essential oil on steam 
distillation which is used m perfumes and 
liqueurs, and contains pinene, l btnonene, 
bntyric, ««o- butyric, and acetic esters, daucol 
(CjjH.gOj), caratol (Cj g H tg O), asaronc, and 
lusabofcnc (\V. S. Guenther, Amer. Perfumer, 
1930, 31. No. 5, 7). Richter (Arch. Pharm. 1909, 
247, 391) examining the seed oil of wild carrot 
reports the following characteristics rf 15 0 9439, 
(a] 11 — I3 3S°, saponification value 20 26, ester 
value 18 22, acid value 204. Asahuia and 
Tnukamoto (J. Pharm. Soc. Japan, 1925, 525, 
961), however, give the values (possibly of a 
different variety) as rf 53 0 9088, [a]” —5 98°, 
saponification value 74 08, and acid value 0. 

A vegetable oil was also obtained from the 
seed by Recb (J. Pharm. Alsace-Lorraine, 1923, 
50, 13). Its bitter flavour is ascribed to the 
presence of a yellow glucoside daucusm. 

A G.Po. 

CARTHAMIN. The red colouring matter 
of Safflower, yields on hydrolysis glucose and 
cartkamidin, 5:7:8: 4'-tetrabydroxyflavanone. 


CARVASEPT is chlorocarvacrol, 2 mctlvl 
4-chIoro-5 isopropyl phenol, 

HO-CjHjClMePr^ 

CARVENENE, A* 3 .dihydrocymece (Wtl 
Inch’s a terpinene) has m.p. I62“-162 5°, b.p. 61 - 
63°yi0 mm , 179 5 D -1S0 57735 mm., 0 844, 
1-49100 (Harries and Majima, Ber. 1908, 41, 2516 
Scmmler, ibid. 4474; ibid. 1909, 42, 4171). ’ 

CARVENONE. 

CHMe 

H.C^ '''"to 

I I 

H.C CH 

C CHMe, 

The ketone carvenone, C 10 H, g O, b p. 232“-233°, 
d^° 0 9266, n“ 1-48245, docs not occur m 
nature. It is formed by the action of eulphonc 
acid and other dehydrating agents on camphor 
(Delalande, L’lnstitut, 1839, 399 ; Chataud, 
Corapt rend. 1857,44,66 ; Schwanert, Annalen, 
1862, 123, 298 ; Armstrong and Kipping,. I C8. 
1893, 63, 75 ; Marsh and Gardner, »6id. 1897,71, 
285 ; Marsh and Hartridge, ibid. 1898, 73, 852; 
Bredt, Rochussen, and Monheim, Aruialen, 
1901, 314, 374). 

Its structure is proved by its conversion into 
carvacrol by oxidation with ferric chlonde 
(Wallach, Annalen, 1895, 286, 134) and by its 
oxidation with potassium permanganate to 
a-methyl a-uopropyl-o'-hydroxyadipic acid, o 
methyl y uobutyrylbutync acid, and a metby! 
glutanc acid (Tiemann and Semmler, Ber. 1898. 
31, 2889). Wallach (Annalen, 1924. 437, 145) 
has shown the primary product of oxidation to 
be dioaphenol. Its oxidation with hydrogen 
peroxide in alkaline solution has been studied 
by Treibs (Ber. 1932, 65. [B], 163 ; 1933, 66, [BJ, 
1484). Carvenone is reduced by aluminium mo- 
propoxidc to the secondary alcohol control, bp 
99°-102°, 14 mm , n” 1-4799, 3 5 -dinilrobemo- 
ate, m p. 75°-76° (Johnston and Read, J.CS 
1934, 237) This alcohol has been prepared 
also by Wallach (Annalen, 1917. 434, 203) from 
the dicyclic alcohol sabinol. J. L. S 

CARVEOL. 

CMe 


HC" CH OH 

I I 

*C CHj 

Tho alcohol carveol, C, 0 H lg O, occurs in amall 
quantity m oil of caraway (from the fruits 1 oi 
Carum cam) (Blumann and Zeitachel, Ikr- 
1914, 47, 2628). It is formed daring the auto- 
oxidation of d limoneno (Blumann and Zeitsebel) 
and in an impure condition when this hydro- 
carbon is oxidised with oxides of nitrogr 
(Genvresse, Compt. rend. 1901. 132, 414). 
can bo prepared most conveniently by thoreduc 
tion of carvonc with aluminium wo pr°P°?i,. 
(Ponndorf, Z. angew. Chem. 1926, 39, 13 ) 
and by this method Johnston and Read (J-0 
1934, 233) have prepared d- and UuttntM 
mp. 24 <, -25°, bp. 101 - 2 °- 101-4710 mm. d < 



OARVOMENTHONE 


0- 9521, n% 1-4959, [«]„ ±23-9°; ZX-dinilto- 
benzoate , m.p. 92-5° ; d- and l-lrans- carveols, 
b.p. 102-2°-102-4710 mm., df 0-9484, 

1- 4942, [n]“ ±213°; 3:5-dinilrobcnzoale, m.p. 
111-5°. The dl-cis- and trans-3:5-<ft»i/ro5eJi- 
zoales melt respectively at 91-5° and 119°. A 
< W-phenylurdhanc , m.p. 94°-95°, and a hydrogen 
phthalate, m.p. 136°-137°, have been described, 
but it is not known to which series they belong. 

On oxidation with chromic acid the alcohols 
yield carvone, whilst on catalytic hydrogenation 
a mixture of carvomcnthols (q.v.) is obtained. 

J. L. S. 

CARVESTRENE, A 1:8(9, -m-menthadiene, 

XM&CH, 

H 2 C 7 ^CH-CMe:CH 2 , 

n CH 2 -CH/ 

is cW-sylvcstrine, the synthetic isomer of d-syl- 
vestrine. It is a liquid, b.p. 178°-179°/750 mm., 
has a pungent odour of lemons, and its solution 
in acetic anhydride is coloured a deep methylene 
blue on the addition of a drop of sulphuric acid 
(Perkin and Tattersall, J.C.S. 1907, 91, 480). 

CARVOMENTHOL. 

CHMe 


CH-OH 


* 

CH-CHMej 

The secondary alcohol carvomenthol, C 10 H 20 O, 
known also as telrahydrocarveol, does not occur 
in nature. It was prepared first by Wallach 
(Annalcn, 1893, 277, 130) by the reduction of 
carvcnone (I), and by Baeyer (Ber. 1893, 26, 
822) by the reduction of the acelyl derivative of 


"i> 

W„ ■ • 

3:0-dinitrohen 
zoate, m.p- . 
p-nitroben- 
zoate, m.p. , 


d'thydrocarveol hydroiodide (II), followed by 
hydrolysis of the acetate. 

CHMe CHMe 


2 CH 

C-CHMe 2 

I. 


CH-OH 


CH-CHMe 2 . 

t 

CHMe 

CHOAc 


H 2 C ch 2 

^CH-CIMej 

II. 

The alcohol can be prepared also by the 
reduction of the phenol carvacrol (Brunei, 
Compt. rend. 1903, 137, 1269 ; 1905, 141, 1246), 
the ketones carvone, carvotanacetonc, and 
carvomentlione, and the alcohols carveol and 
dihydrocarveol. Carvomenthol is a viscid oil, 
and since it contains three centres of asymmetry 
it can exist in eight optically active and four 
externally compensated modifications. An 
attempt to separate these was made by Paolini 
(Atti R. Accad. Lincei, 1921 [v], 28, II, 82, 134 ; 
Gazzetta, 1925, 55, 818), but the pure alcohols 
were first obtained by Johnston and Bead 
(J.C.S. 1934, 230 ,- 1935, 1138), who prepared 
the alcohols (a) from 1-carvomentbone and l-iso- 
carvomenthonc via the oximes and carvomcn- 
thylamine8, (6) by the hydrogenation of d-dihy- 
drocarveol and Z-neodihydrocarvone, and (c) by 
the hydrogenation of d-cis and franscarvcols. 
The constants of tkeso alcohols and those of 
tbeir derivatives are given in the tables below: 


(/-Carvonicntbol. 

1-ncoCarvonicnthol. 

t-fsoCarvomcntlioI. 

101-8°-102°/14 mm. 

0- 9056/13° 

1- 4650/12° 

+ 27-69° 

102718 mm. 

0- 9012 

1- 4632 
-41-70° 

106°/17 mm. 

0- 9109 

1- 4662 
-17-72° 

107° 

129° 

111° 

— 

95° 

64-5° 




71°-72° 

54°-55° 


b.p. . . 105°-] 09°/20 mm. 110720 mm. 

d * ... — 0-904 

„ D . . 1-4637/20° 1-4469/18° 

M„ . . ±0° :L0° 

3:5-dinitro- 
benzoate, 

m.p. . . 106° 94-5° 

p-nitroben- 

zoato,m.p. 91°-92° — 


On oxidation with Beckmann’s reagent d- 
carvomenthol and /-ncocarvomenthol give 
1-carvoincnthonc, 1-isocarvonu-nthol gives l-iso- 
carvomentlione. 

J. L. S. 


CHMe 


C CO 

t CH. 

* 

CH-CHMe, 


The ketone carvomcnihonc, C 10 H, s O, known 
also as lelrahydrocarrone, occurs in nature in ifs 
kevorotatory form, in the oil from Blumea 
Malcolmii (Simonsen and Kau. J.C.S. 1922. 
121,881). It has b.p. 2 18-5°-2 197750 mm. rf*’ 
0-9001, Uj, 1-4531, [a], , -9-33°. It was prepared 
originally by Wallach (Annalcn, 1893,277, 133) 
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and Baeyer (Ber. 1893, 26, 822) by the oxidation 
of the secondary alcohol, cart-omenlftol (yr.). 
It can he prepared also by the hydrogenation 
of the unsatnrated ketones, carvone, dihydro- 
carvone, carvotanacetone, and carv enone. 

Containing as it docs two centres of 
asymmetry', canomenthone should exist in two 
optically active and two externally compensated 
forms. Johnston and Read (J CJ>. 1934, 226 , 
1935, 2142) have described \-canomtnlhont and 
1 isoearzomenthone, The former was obtained 
by the oxidation of d-carvomenthol with 
Beckmann's reagent and the latter from 
1 laocarromentliol. The constants and de- 
nt atives of these ketones are given in the 
table ; 


crime, m.p. 10'*°, temicarbazone, m.p. 174° 
nitrojo-derivative, m.p. 119°. 

The ketone has been prepared synthetically by 
Riudcha and Trcbler (Helv. Cbun. Acta, 1920, 
3, 779) by the action of sodium on methyl 
a methy 1 S isopropyladipate, tho cyclic keto- 
ester formed yielding canomonthone on 
hydrolysis. 

By the oxidation of carvomenthone (III) with 
potassium permanganate, Baeyer (Ber. 1896,29 
36 ; 1899, 32, 3629 ; 1900, 33, 124) obtained 
2-isoprqpyifteplane-5-onoic acid, m.p. 40° (1), 
whilst with Caro’s reagent the lactone (II) was 
obtained. 



I Carvomenthone. 

I itoOarvo 
menthone. 

bp.. . . 

96°-96 3716 mm 

_ 

d? . . . 



0 9102 


I 4548/17° 

1 4558/20° 

Md • 

-6° 

-56 5° 

Oxime, ni p. . 

99°-100° 

liquid 

[a] D (m al- 



cohol) . 

-38 7° 

-79 5° 

Semicarbazone, 



rap. . . 

[a] u (inchIoro 

192° 

I71M72 0 

form) . 

-13 3° 

-117° 


COMe 


CHMe 


H t C COjH H*C CO 

H t C CH- KM"Qi H.C CH, 

CHCHMe 2 CH CHMe, 

I- Ill 



The equilibrium mixture, which is formed 
when cither of the ketones is kept with cold 
sodium ethoxide, contains about 8(?%,of i-carvo 
menthone. 

For rfi-carvomenthone, which contained pro- 
bably some dl isocarvomenthone, IVaUach and 
Baeyer found b p. 210° -221°, d 20 0 90, n D I 4554, 


By the reduction of carvomenthoxime Wallaeh 

(Annalen, 1893, 277, 134 ; 1895, 287, 159, 377; 
1900, 312, 203 ; 1902, 323, 332) prepared 
carromenthylamine. The stereoisomenc bases 
have been studied m greater detad by Johnston 
and Bead (I c.), who have prepared the pure 
bases bated below : 


! 

d Carvomentbylamlne 

I-neoCarvoraenthyl- 

amloe 

I -troCar vonie n thy lamlne 

i b -p 

89 8“-90°/16 5 mm. 

87 8°-88°/15 mm. 

90°/15 mm. 

d? 

0 8505 

0 8558 

0 8587 



1-4578 

I -4590 

1 4611 

iW 

4-12 47° 

-26 55° 

-14-7° 

Acetyl, rap. ... 

1G0 8 -161° 

114° 

96° 

[a] D (in chloroform) 

+67 8° 

—61 9° 

-57-4° j 


J.L.S 


CARVONE. 

CMe 



The cyclic ketone carront, C 10 H u O, occurs 
fairly widely distributed in nature and it is 
found ra d-, 1-, and dl- forms. It is the main 
ketonic constituent of caraway and dill oils. 
Carvone is a somewhat viscid, colourless oil 
with a highly characteristic odour. It is most 


conveniently separated from essential oils by 
means of the compound which it forms with 
hydrogen sulphide, d- and i- rap. 210°— 21 1 * 
dl- m p. 188°-190° (Deussen, J. pr. Chem. 1914, 
In], 90, 315). The structure of carvone hydro- 
sulphide has been discussed by Hooper, Macbeth, 
and Pnce (J.CS. 1934, 1147), by Dulou (Bull. 
Inst. Pm, 1934, 60.2(H), and by Padmanabha” 
(Current Sci. 1935, 4 , 95). The ketone can be 
regenerated from the hydrosulphide by tbe 
action of alkali. The following constants ha** 
beenrecoided:d-,b p.230°/750mm , d 1 *' 1 0 Wlh 
•J, w 1-49935, [a] D +62 32* ; l; b p.-239°-23l7 
763 rom., d]’ 0 9652, n“ 1-4988, [a] p -62467 
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dl-, b.p, 230°-231°, d]] 0-9645, 1-50030. The 

d- and 1 -oximes have m.p. 72°-73°, dl - m.p. 93° ; 
d- and Isemicarbazones, m.p. 1G2°-163°, 141°- 
142° respectively; dl-, m.p. 154°-156 D . 

Goldschmidt and Ziirrer (Ber. 1885, 17, 1729) 
made the important observation that carvoxime 
and nitrosolimonene, prepared by the removal 
of hydrogen chloride from limonene nitroso- 
ehloride, were identical, and in 1894 Wagner 
(Ber. 1894, 27, 227) suggested that carvone 
was represented by (I), which is in accord with 
its ready conversion into carvacrol and with its 
oxidation by potassium permanganate to 
hydroxylerpenylic acid (II), which can be 
reduced by hydrogen iodide to terpenylic acid 
(III) (Ticmann and Semmler, Ber. 1895, 28, 
2148). 


obtained (Harries, Ber. 1901, 34, 2105), the 
dioxime of which is formed when carvone 
hydroxylamine-oxime is shaken with mercuric 
oxide (Harries, J. pr. Chem. 1914, [ii], 80, 318), 
This ketone is obtained much 'more readily by 
the oxidation of carvone with hydrogen peroxide 
in alkaline solution, when the primary product is 
the oxide (V) (Treibs, Ber. 1931, 64, 2178 ; 
1932, 65, 1314 ; 1933, 66, 1484). 

CHMe 
OC^ "to 

I I 

HX CH, 

" 

CH-CMe:CH 2 

IV. 


CMe 

HC CO 


HX 


CH, 


CH-CMeXHj 

I. 


KMnOj 


CO,H 



U_, 


-O CMeCH„-OH 

II. 


HI 


XO CO,H 


->i H,C 
i CH 

! i 

— O — CMe 


CH, 


III. 




O— CMe 

!/\ 

CH CO 


HX 


CH, 


CH-CMe-.CH, 

V. 

By the bromination of carvone a mixture of 
crystalline (d- and l- m.p. 12 0°-122°, dl- m.p. 
112°-114°) and liquid telrabromidcs is obtained; 
these are probably stereoisomeridcs having the 
structure (VI), and yield respectively on 
further bromination stereoisomeric penla- 
bromides (VII), d- and l- m.p. 8G°-87°, dl- 
m.p. 96° ; d- and l- m.p. 142°-143°, dl- m.p. 
124°-126°) (Wallach, Annalen, 1894, 279, 290; 
1896, 285, 120). A Iribromide (VIII) is obtained 
on bromination in acetic acid in the presence of 
hydrogen bromide (Wallach, Annalen, 1895, 286, 
119). 

CMeBr 

BrHC^^'cO 


In view of the identity of tfl-cnrvoxime with 
nitrosodipenteno, the synthesis of the latter by 
Perkin (J.C.S. 1904, 85, 416) implies also a 
synthesis of the ketone. 

Since in addition to the carbonyl group, 
carvone contains two ethylcnic linkages, it is 
an extremely reactive substance, and yields 
a number of interesting derivatives. On cata- 
lytic hydrogenation it gives, according to the 
conditions and the nature of the catalyst 
employed, either carvomenthonc or carvomevthol 
(q.v.) (Haller and Martino, Compt. rend. 1905, 
140, I30S ; Ipaticv and Balatschinsky, Ber. 
1911, 44, 3461), whilst with sodium and alcohol 
it gives dihydrocarvcol (Wallach, Annalen, 1S93, 
275, 111). On reduction with vine dust in acetic 
acid di/itjdrocarvone is obtained together with 
the pinacone a-dicarrelone (Wallach, Annalen. 
1894, 279, 377). With aluminium isopropoxide 
as the reducing agent carved is obtained 
(Pontidorf, Z. angew. Chem. 1926, 39, 138; 
Johnston and Read, J.C.S. 1934, 232). 

When carvone is shaken with oxygen in the 
presence of baryta a yellow dikclonc (IN') is 



CH-CBrMe-CH 2 Br 

VI. 


CMeBr 




BrHC CO 

I I 

H 2 C CHBr 

' 


CH-CBrMe-CH 2 Br 

VII. 



CH-CBrMe 2 

VIII. 



4«S 


I’AUYOXE. 


On Ireatmeut n ltb by clrogcn bromide in acetic 
acid eolation d-carvone yields a Jii/drobromide 
(IX), m p. 32 a (Baever, Ber. 1894, 27, 811), the 
oxime of which is formed when d-carvoxime is 
treated with hydrogen bromide. Redaction of 
the bromide with zinc dust In acetic acid 
solution gives ennolanacelone (X), whilst with 
alcoholic potassium hydroxide it yields eueanone 
(XI). 


I 


CMe 
CO 

I 

H.C CH, 

CH CGrMc 2 
IX. 


CMe 


CO 

I 


CMe 

CO 

I 

CH, 


XI. 


HC 

I 

H 2 C CHj 

N 'chTcHMe J 

X. 


CMe 

HC CO 

I I 

H.C CH, 

* 

CH C(OH)Me a 


XII. 


Whilst carvono is isoinensed to carvacrol by 
the action of dehydrating agents, Rupc and 
Ncblochoff (Bcr. 1003, 38, 1719) obtained a 
hydroxyearvone, mp 4l°-42 9 (XII), by treat- 
ment of d carvone with sulphuric acid (40%). 

J L. S 

CARVOTAN ACETONE. 

CMe 

/\ 

HC CO 

I I 

H.C CH. 

CH CHMe s 

VUw turvurtrirm-ntwe, C l0 fv', 8 C, occurs in 

its dextrorotatory form in the oil from the herb 
IHumea Mnlcolmn (Snnonsen and Rftu, JCS 
1922. 121, 870) anti possibly aho in thuja oil 
(from Thuja ocadcnlahs) (Wallach, Annalcn, 
1897, 275. 182) It was obtained originally by 
Sernmlcr (i!cr. 1891, 27, 893) by the molecular 
rearrangement of the dicyclic ketone a thujone, 
which occurs when this ketone is heated at 280° 
underpressure, dl Canotanacctone, whit his an 
oil having an odour similar to that of can one, 
has b p. 228’-228 3°, rff 0 9731, »** 1 4803, 
whilst cf canotanacctone Ins bp 227 »*/707 
mui„ d* 0 9303, 14707,(0],, 1.99 53’. 

*llie ketone, wlmh rcicts icaihly with sodium 
sulphite iu neutral t-olution, can be nbntificd 
most rcidily by’ the |«rt jnr ition of the mm- 
< arhmone, dl. in p. 177 -I7V, d mid l ■ mp 
173M74 3 (Baotcr. Iier. 1S9I, 27. 1923). Other 
iharaeteristic derivatives arc the on me, dl- 
in p. 92 1 -97' • (/• nn<l / in p 77 ; the hydroxyl • 
amino oxime, dl- m.p 102, rf- m p. 'JV-90’; 


the hydrosulphtdc, dl - m.p. 20 V, d- ui it. 2 > 
223°. 1 "** 

Cart otanacctone tan be conveniently pre- 
pared by the bromination of carvomenthone (I), 
the resulting bromide (II) yielding on treatment 



with sodium acetate in alcoholic solution an 
excellent yield of the unsaturated ketone (Kolz 
and Steinliorst, Annalcn, 1911, 379, 13; 
Wallach, ibid. 1918, 414, 353). It is formed abn 
by the reduction of carvone hydrobromnlc 
(Harries and Stirm, Ber. 1901, 34, 1924), by the 
action of potassium hy droxide in the presence of 
ferric hydroxide on cyanocarvomenthone (Lap 
worth, JCS. 1900, 89, 1830) and also as tho 
oxnne by the catalytic hydrogenation of carr- 
oxime (Wallach, Annalcn, 1914, 403, 74). On 
cataly tic hydrogenation the ketone yields carvo 
menthone (Vavon, Compt. rend 1911,153,70), 
whilst on reduction with 6odium nnd alcohol 
carvomcnthol is obtained (Semmler, Ber. 1894, 
27, 893) Oxidation of carvotanaeetone with 
potassium permanganate in alkaline solution 
results in the formation of pyrin ic ond 
propylsuecinic acids (Semmler, Bcr, 1900, 33, 
2431 ; Simonscn and Ran, l c.) On oxidation 
with hydrogen peroxide m alkaline solution it 
yields an oxide, bp 1 18' , -120 o /20 mm. <T" 
1 0129, rij, 1 4735 (Treib«, Bcr. 1933, 66.^1483)^ 

CARYOPHYLLENES, THE. Thecaryo- 
phyllenee form the main sesquiterpene hydro- 
carbons, C 1S H ?1 , present in oil of cloves They 
occur also in other essential oils. An extensile 
scries of investigations by’ Dcussen (Annalcn, 
1907, 356, 1 ; 1908, 359, 245 ; 1909, 369. 51 ; 
1912,388. 136 ; J.pr.Chem. 1911, [n] 83. 433 ; 
1914, 90. 324 ; 1926, 414, C3 ; 1927, 117, 
273 ; 192S, 120, 133 ; 1929, 122, 201) lias 
shown the probable presence of three distinct 
hydrocarbons, which Iiaie been designated o , 
p- nnd y-caryophyllencs. a Cnryophyllcne H 
most probably identical with the hydrocarbon 
humulent, present in oil of hops (Chipnnn, 
JCS. 1928, 783) and in that from poplar bud* 
(Fichter nnd Katz, Ber. 1899, 32, 3182) Tuc 
name humulcnc is therefore to bo. preferred 
for this hydrocarbon, since unlike p* * ni * 
y carycipliyllenes it does not yield a cry atallme 
hydrot blonde or on hydration a crystalline 
alcohol. 

II viuulrue, h p. 2Cr-206% I32 J -134 /IC turn, 
rfj* 0 9001, n 1 6021, is concentinted by 
uprated fractionation to l he extent of about 
12-13% »» the higher bulling fractions olcimc 
oil and it has been characterised by the Ff 1 !*®”' 
tion of a mlrosoehlondc, m p. 177°, , 

apparently optically inactive, a mtrofmron u r . 
mp. Ill -113% & "mtrowfe, in.p ltd . °" a * 
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nilrosile, m.p. 116°. The nitrosochloride on 
treatment with sodium ethoxido or pyridine 
loses hydrogen chloride with the formation of 
nilrosohumukne, C 15 H 22 ON, m.p. 126°-127°, 
which is reduced by sodium and alcohol to 
aminodihydrohumulene, b.p. 141°-143°/11 mm., 
acetyl derivative, m.p. 142° (Evans, Ramageand 
Simonson, J.C.S. 1934, 1800). No evidence of 
the structure of humuleno is as yet available, 
although its physical constants suggest that it 
is dioyclic. On oxidation with chromic acid it 
yields os-dimethylsuccinic acid (Chapman, 
J.C.S. 1903, 83, 513). 

p -Caryophyllcne cannot be separated from 
y-earyophyllene or from humulene by distil- 
lation. It has been characterised by the pre- 
paration of a blue vitrosite, m.p. 115°, and a 
nitrosochloride, m.p. 159°. 

y-Caryophyllene, b.p. 125°-125-5°/14-5 mm., 
d 10 0-89951, n ™ 1-49665, [a] D -26-17°, can be 
separated from the mother liquors remaining 
after the preparation ot fl-caryophyllene nitrositc' 
and also by heating this nitrosite with alcohol, 
but there is some doubt as to its homogeneity 
(Ruzieka and Wind, IIclv. C'him. Acta, 1931, 
14, 410). It has been characterised by the 
preparation of two nitrosochlorides, m.p. 122° 
and 146°, each of which gives the same nitrol- 
benzylamine, m.p. 172°-173°, which can be pre- 
pared also from /3-caryophyllcne nitrosochloride. 
With hydrogen chloride ft- and y-caryophyllenes 
yield caryophyllcne dihydrocldoride, m.p. 69°-70°, 
whilst on hydration they give two tricyclic 
alcohols, a- and ft-canjophyllenic alcohols, 
m.p. 117° and 96° respectively (Wallach and 
Walker, Annalcn, 1892, 271, 288 ; Asaliina 
and Tsukamoto, J. Pharm. Soc. Japan, 1922, 
403). 

From the products of the ozonolysis of the 
earyophyllcnes (a mixture of the a-, (3-, and y- 
hydroenrbons) Scmmler and Mayer (Per. 1911, 
44, 3657) isolated (i) a lcelone, C 10 H 16 O, (ii) a 
diketonc, C 42 H 20 O 2 , (iii) a dikelo-aldchydc, 
C 14 H 22 0 3 , (iv) an acid, C 8 H I4 0 2 , (v) a keto- 
acid, C,,H 1R 0;,,and (vi)arf!t-efo-ncii,C 14 H 22 0 4 . 
Oxidation of the last two acids with nitric 
acid gave as an oil caryophyltenic acid, C n H 14 0 4 . 
Those observations have been confirmed by 
Ruzieka and Wind ( l.c .), who have shown 
Hi, -it, the kcto-ncid, C n H 18 0 3 , ( scmicarbazonc , 
m.p. 183°), gavo on oxidation with sodium 
hypobromitc a dibasic acid, homocaryophyllenic 
acid, C 10 H 16 O 4 , whilst in a similar manner 
a kcto-dibasic acid, C l3 H 20 O 5 , was prepared 
from the diketo-neid, C 14 H 2 „0 4 . This diketo 
arid on digestion with nlkafi undergoes ring 
closure with the formation of an unsaturated 
Mo-monobasic acid, C 14 H 20 O 3 , which con- 
tains a — COMe group. Interpretation of 
these results became possible when the 
struct me of caryophyllenic had been deter- 
mined. 

An examination of Scmmler and Mayer’s 
liquid ill-id by Evans, llamage, and Simonscn 
(J.C.S. 1934, IS 00) showed it to be a mixture 
oi twocrystalline acids, d-trans-norr.aryophyllcnic 
acid. m.p. 125°-127°, [«]- IGI +137° (in chloro- 
form), and d-trans-caryophyllcnic acid, m.p. 
SO -ST, [qJ S 461 +13-56° (in chloroform), di- 


anilide, m.p. 282°, which can be converted into 
the d-cis -acid, m.p. 77°-78°, [a] 5461 -7-4° (in 
chloroform), dianilide, m.p. 190° (Ramage and 
Simonscn, J.C.S. 1936, 746). By the reactions 
indicated below norcaryophyllenic acid has been 
shown to be represented by the structure (I) 
suggested by Ruzieka and Zimmermann (Helv. 
Chim. Acta, 1935, 18, 219). 

MeX — CH-C0 2 H 

f f 

H 2 C — CH-COjH 

I. 


Me.C- CH-CO„H 

7^ “I I 

Br s H 2 C— CBr-C0 2 H 

MeX— C-CO..H 

— y I II 

KOH h 2 c— c-co 2 h 

II. 

MeX-CO.H 
2 1 2 

°3 h 2 c-co-co 2 h 

Me 2 C-C0 2 H 

H 2°= hx-co 2 h 

The structure assigned to J-norcaryophyllcnic 
acid has been confirmed by the synthesis by 
Rydon (J.C.S. 1936, 593) of cis-dl-nocearyo- 
phyllenic acid, m.p. 149°-150°, anhydride, 
m.p. 40°-41° (dZ-frans-norcaryophyllenic acid, 
m.p. 148°-149°), from which dehydronorcaryo- 
phyllenic acid (II), m.p. 193°, identical with the 
acid prepared from d-trans-norcaryophylienic 
acid, was obtained. Since caryophyllenic acid can 
bo degraded to norcaryophyllenic acid (Ramage 
and Simonsen), it follows that it must be repre- 
sented by either (III) or (IV) : 

Me.C — CH-CH 2 -CO,H 

I I 

HX — CH-COjH 
III. 


MeX— CH-CCMH 

'I I 

H 2 C — CH-CH 2 -C0 2 H 
IV. 

On the basis of these formulae for caryophyllenic 
and norcaryophyllenic acids Ruzieka (J.S.C.I. 
1935, 54, 509) and Ruzieka, Zimmermann, and 
Huber (Helv. Chim. Acta, 1936, 19, 313) have 
suggested that caryophyllcne can be repre- 
sented by (V), when the diketo-acid, C 14 H 22 0 4 , 
will bo (VI) and the dieyelie keto-acid. 
C!iH 2n 0 3 . prepared therefrom would be (VII) 
or (VUI) : 
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CH. 


Me C — CH CMe 

I I II 

H,C — CH CH 

^CHXHjCMe.CH, 

V. 

CH t 

Me 2 c— Chf '''fcoMe 

H.C— CH 
\ 

CH CH.-COMe 
I 

CO t H 

VI. 

CCOMe 

Me,c— Clf^CMe 
He — CH CH, 

CH CO,H 

VII. 

CH, 

Me,c— Me 

or I I D 

H C—CH CCOMe 
CHCO,H 

vm. 

It la suggested further that the keto monobasic 
acid, C,,H, g O,, which gives on oxidation with 
sodium hypobromite homocaryopbyllemc acid, is 
derived from the isomeric hydrocarbon (IX) in 
accordance with the scheme . 

CH, 

Me.C— C'hT \we 

I I II 

H,C — CH CH 

' S (?H-C CMe, 

IX. 


Me.C—CH s' 

, > > 

H,C— CH— CH: 


•CH, COMe 
^/CO,H 
\CO,H 
M e.C— C H— C H ,C O M e 

* , I I 

H,C-CH CH, CO,H 

X. 

Me,C— CH CH.CO.H 

- I I 

H,C— CH CH, CO,H 

XI. 


The structure (X) assigned to homocarta- 
phyllenic acid has received support from the 
experiments of Kamage nnd Simonsen IJC8 
1937, 73). ' 

These authors (J C.S. 1936, 1581) have 8 }j Qrn 
further that the caryophylfene represented by 
(V) is in all probability 0 earyophjllene. When 
the crystalline mtrosite of this hydrocarbon n 
degraded it yields mainly the acid (VI) together 
With a small quanitity of (XI). The structure 
to be assigned to y-eary ophyllene remuna 
Undetermined. 

By the dehydration of a-caryophj[lemc 
alcohol a tncychc hydrocarbon, clottnt, bp 
lll°-1 13°/10 mm., d? 0 924, 1 49S0, [ a ] D 

+ 1 3° is obtained, whilst from p caryophyllenic 
alcohol iso clotene, bp. 13QM31712 mm., 
d\ 9 0 943, n” 1-5039, [a] D -56 6 9 has been 
prepared. By the oxidation of clovene with 
chromic acid Ruzieka and Gibson (Helv. Chim. 
Acta, 1931, 14, 570) obtained a dicarbovyhc 
acid, cioientc acid, C is H u Op m.p. 182\ w fuch 
is extremely stable and has so far resisted »n 
attempts to elucidate its structure (c/. Blair, 
JCS. 1935, 1927). J.L.S 

CASCARA SAGRADA, B.P. ; U.SP. 
The dned “ sacred bark" of RhamnvtPurshiaiw 
DC , a small tree abundant in Northern 
California and the States of Washington and 
Oregon. Together with R. cah/ormca Eschacholz 
(which has a aery similar action) it had long 
been known to the Indians as a cathartic • sine* 
about 1880 cascara ha9 come into extensive use 
m American and European medicine as a 
laxative. The European species R. calharlica L, 
the Common Buckthorn, and R. Frangula L, the 
Alder Buckthorn, have been used for the samo 
Purpose. The older chemical literature con- 
cerning cascara is very conflicting, for a sum 
mary of which see Jowett (Rep. Araer. Pharm. 
Assoc. 1904, 1) ; he confirmed the presence of 
emodtn together with a small proportion of the 
isomeric frangula-emodm of Thorpe and Jltllrr 
(J.C.S. 1893, 61, 6). The literature since 1904 
w summarised by Hoch (Amcr. J. Pharm. 1933, 
105, 64 ; 39 items). Hoch agrees with Hsoscr 
(Pharm Acta Helv. 1931, 6, 79) that the 
glucosides present are rhamnosides of the 
anthranols of ehrysophanic acid, frangula 
emodm monomethyl ether and cascarol. The 
changes taking place during storage of the bark 
(1 year is presen bed by some pharmacopoeias) 
probably involve oxidation of the anthranol 
to nnthraquinono rhamnosides, with some 
hydrolysis. The anthraquinonc derivatives in- 
crease during storage. “ Although most hid/ 
an integral part of the purgative complex, the 
anthraqumone derivatives have no cathartic 
properties.” The most important principle of 
cascara is unknown. It would seem that thil 
principle is rontained in peristal.ii CiM. 
according to Tschireh and Momkowski (Arch 
Pharm. 1912, 250, 92). a yellowish amorphous 
powder, readily' soluble in water, and active 
also when injected ; it contains rhamnosides of 
chrysophanic acid, emodm methyl ether, and 
et-Karol, C n H, 8 0,, yellow needles, nrp. 21o , 
but no free hydroxy methyl anthraqmnoM* 
The chemistry of R. Purshiana and R. F ran? 0 *' 1 
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is more particularly dealt with by Tseliirch and 
Pool (Arch. Pharm. 1908, 246 , 316). Various 
assay methods, based on the colorimetry of 
cmodin, arc futile, according to Hoch, since 
there is no evidence that the emodin content 
can be correlated with therapeutic activity 
{e.g. Morrison, J. Amcr. Pharm. Assoc. 1931, 
20, 1276). For tests on the human subject, see 
Hoch, for animal tests Gruber, Bryan, and 
Richardson (J. Pharm. Exp. Thor. 1932, 44 , 
479). 

Cascara bark contains about 2% of fat, a 
substance rhamnol, C 20 H 36 O, m.p. 132°-133°, 
and a small proportion of a volatile oil ( Jermstad, 
J. Pharm. Chim. 1933, [viii], 17, 76 ; Pharm. 
Acta Helv. 1929, 4, 90). For differential tests of 
Cascara and Rliamnus Frangula, see Kroeber 
(Schweiz. Woch. Chem. Pharm. 1910, 48 
377) ; Beal and Okey (J. Amer. Chem. Soc. 
1917, 39 , 716). G. B. 

CASCARILLA, ESSENTIAL OIL OF. 
The oil distilled from the bark of Croton Eluteria, 
Bennett (Earn. Euphorbiacea:), which is in- 
digenous to the Bahama Islands and also grown 
in Honduras. Yield 1-3%. 

Constituents. — Cymene, /- limonene, eugenol, 
cresol, sesquiterpenes, aldehydes, and esters of 
cascarillic acid with traces of palmitic and 
stearic acids. Cascarillic acid is isomeric with 
undecylic acid. 

Characters. — A pale yellow oil, sp.gr. at 15° 
0-896-0-925, <4° + 4° to + 10°, »“ P489-1-496. 
Initial saponification value 4-8, after acety- 
lation, 60-70. C. T. B. 

CASEIN. (Caseinogen.) Casein is a phos- 
phoprotein found in the milk of mammals. It 
is the principal protein of cow’s milk, which - is 
its chief commercial source. It is amphoteric, 
and occurs in milk as a colloidal suspension, 
probably a complex with dicalcium phosphate 
(J. Brigando, Lait, 1933, 13, 661). Together 
with the fat, it can be separated by ultra- 
filtration, the lactose, mineral salts, and soluble 
albumen remaining in the ultra-filtrate.. 

Many American and some English authors 
have preferred to use the term casein for the 
commercial product produced by precipitation 
from milk, and the word caseinogen for the 
protein (non-coagulablc by heat) of milk in its 
natural condition, or when precipitated under 
the special laboratory conditions referred to 
below. In view of the doubt whether the latter 
term refers to a single specific chemical com- 
pound, and of the fact that there are two quite 
distinct types of the commercial product, the 
term casein is used in both senses throughout 
this article. 

Preparation of Pure Casein. — Purq casein 
is prepared by acid precipitation of separated 
milk. Most of the recent research work has 
been carried out with casein prepared by one 
of the following methods : 

Ilammarsten method (“ Ilandbuch der bio- 
chemischen Arbeitsmethodcn,” E. Abderlialdcn, 
Berlin und Wien, 1910, Yol. II, p. 384). — 
Separated milk is diluted with 4 vols. of cold 
water and dilute acetic acid (1:100) is added 
with continuous mixing until the casein has 
precipitated. The latter is washed several 
times with water, first by decantation and then 
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centrifuging. The moist casein is then dis- 
solved in dilute ammonia, agitating during the 
addition, and care being taken that the 
value docs not exceed 7-0. The solution is 
filtered or centrifuged and .the casein repre- 
cipjtated by the addition of the calculated 
amount of acetic .acid. The precipitated 
casein is washed with water, redissolved in 
ammonia, and reprecipitated with acetic acid. 
The precipitate is finally washed several times 
with water. 

Van Slyke and Baker Method (J. Biol. Chem. 
1918, 35, 127). — Separated milk is not diluted 
in this method, and normal lactic acid or a 
mixture of 1 part of normal hydrochloric acid 
and 1 or 2 parts of normal acetic acid is pre- 
ferred to acetic acid alone. The acid is gradually 
introduced beneath the surface of the milk, 
which is efficiently agitated. The addition of 
the acid is carefully controlled by withdrawing 
small samples of the mixture, adding an equal 
volume of water, and centrifuging. At the 
coagulation point the whole of the casein is 
thrown down on centrifuging. The casein is 
washed by agitating with water, allowing to 
stand, and centrifuging. This is repeated several 
times, but the casein is not redissolved in alkali 
as in the older method. The last traces of 
phosphate are removed by electrolysis of the 
casein suspended in dilute acetic acid at p n 4-7. 
It is claimed that casein can be purified to an 
ash content of 0-069% by electro-dialysis (A. L. 
Elder el al., Ind. Eng. Chem. [Anal.], 1934, 6, 
65). 

The casein prepared by cither of the above 
methods is finally extracted with 70-80% 
alcohol, ether, and high-boiling petroleum or 
benzene or toluene in a continuous extractor. 

Properties. — Pure casein, prepared by acid 
precipitation, is a white amorphous powder, 
without taste or odour. It is practically in- 
soluble in water and quite insoluble in most 
organic solvents. It is readily dissolved by 
alkalis, forming acid and neutral salts, and can 
be precipitated unchanged by the addition of 
acids. It swells in contact with dilute hydro- 
chloric acid, and may be partially dissolved, 
the amount going into solution being dependent 
on the p n of the acid. The isoelectric point of 
pure casein is usually regarded as falling at 
p n 4-6 but certain physico-chemical measure- 
ments have indicated either that this value is 
not strictly correct or that there is an isolectric 
zone (C. La Rotonda, Annali Chim. Appl. 1929, 
19, 310 ; E. B. R. Prideaux and F. O. Howitt, 
Proc. Roy. Soc. 1929, A, 126, 126). 

In dilute alkaline solutions casein has a 
kevo-rotatory action on polarised light. 

Casein absorbs hydrogen chloride with the 
formation of definite compounds. It gives 
a violet coloration when dissolved in con- 
centrated hydrochloric acid. 

Much work has been done on the question 
whether casein, as above described, is a homo- 
geneous substance, and the bulk of the evidence 
suggests that it is not. Probably the differences 
recorded by various investigators were due to 
the extent to which they had purified their 
casein. J. Groh, E. Kardos, K. Denes and 
V. Serinyi (Z. physiol. Chem. 1934, 226, 32) 
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have isolated two fractions, differing in their Precipitation by mineral acids found auk 
tyrosine and triptophan content and In their application during the war, when speed wa 3 , 
rotation. They have obtained these fractions primary consideration, and when it was not 
by three different fractional precipitation always practicable to take all the precaution! 
methods, irrespective of the method, and have necessary for the preparation of satisfactory 
found that a nurture of the two was identical “self-soured ” casein. Mineral acid precipitv 
with the product obtained by complete preci- tion is estensively used in the 'United States, 
pitation. but the “ self-souring ” method is more gencr 

By ultra-centrifugal methods T. Svedberg, ally practised in other parts of the world. 

L. M. Carpenter and D. C Carpenter (J. Araer Milk for casein manufacture should 1 * 
Chem. Soc. 1930, 52, 241, 701) have concluded efficiently separated and should not contain 
that neither ofthe above methods of preparation more than 0-1% of fat. Not only does in- 
gives a single protein, but mixtures of proteins of adequate separation mean waste of fat, but the 
different molecular weights. From Ilammarsten presence of excessive quantities (e.g. more than 
casein they isolated what was probably a pure l-li% in rennet caseins or 2-3|% in acid 
substance of molecular weight 375,000^11,000, caseins) will affect its commercial value. The 
in phosphate buffer solution of pn 6-8, whilst milk must not have been pasteurised at too 
they concluded that the bulk of the casein high a temperature, otherwise insoluble de- 
obtained by the Van Sljke and Baker method natured lactalbumin will bo present. Bilk 
has a molecular weight between 75,000 and from cows shortly after calving is unsuitable, u 

100.000. Serological studies (Carpenter and the colostrum present gives rise to a soft curd 
Hucker, J. Infect. Dis. 1930, 47, 435) showed from which it is almost impossible to remove 
these proteins to be definitely distinct. An the water. 

alytically, D. C. Carpenter (J. Amer. Chem. Plant used for casein manufacture vanes 
Soc. 1931, 53, 1812-1826) concluded that casein extensively, but acid-resistant precipitation 
obtained by the Van Sljke and Baker method tanks (wood or metal) are to be preferred, sinro 
consists largely of proteins of a molecular weight iron contamination discolours the casern amt 

98.000. The osmotic pressure measurements may render it unfit for some purposes. 

of N. P, Burk and D. M. Greenberg (J. Biol Precipitation by Mineral AcuLj. — A ccording to 
Chem. 1930* 87, 197) indicate an even lower the older practice, fresh separated milk »u 
value for the molecular weight, 33,600± 250. beated to I20°-I25°F. for sulphuric and 
Other studies on the fractionation of Ham- precipitation (5° lower if hydrochloric acid was 
marsten casern have been made by B. Jirgensons to be used), and there was added about a pint 
(Bioehcm. Z. 1934, 268, 414) (See also A. D of commercial sulphuric acid (spgr. 183) 
Robinson et a/., J. Rhjs. Chem. 1032, 36, diluted with 2 quarts of water, or 2 1 pints of 
1858.) commercial hydrochloric acid with an equal 

There is distinct evidence of slight structural volume of water for each 100 gallons ofseparated 
differences in casein from different sources (e g. milk. 

differentiation of Indian buffalo milk casern and After precipitation of the curd, the whey was 
English cow casein, R. B. Gode and D. L. drained off, the residue cooked at 170“-180°F., 
bahasrabuddhe, J. Central Bureau Animal washed, pressed, and dried at llff|-lI5°P., care 
Husbandry and Dairying, India, 1929,3, 10,33). being taken to avoid overheating on the odd 
A. F. Anderson (Amer. J. Dis. Chddren, 1932, hand or too slow drying on the other. 

44, 178) concluded that there is a lack of species A much improved product is obtained by 

specificity m the caseins obtained from cow, the “grain curd” method, various modifies 
goat and human milks, but chemical differences tions of which are described. In this method 
were indicated (see also M. L Demanez, Compt. precipitation is effected at a lower temperature 
Tend. Soc. Bi«\. 1R, lbbD, lifil), and the curd is not cooked. In one 

The probable percentage composition of casein method (C. S. Tnmble and R. W. Bell, Creamer) 
is : C. 63 50 ; H, 713 ; N, 15 80 ; P,0 71 , and Milk Plant Monthly, 1930, 19, No 8.4CM1), 

S, 0 72 ; O, 22 14. (Van Styke and Bosworth hydrochloric acid, diluted with 8 parts of water, 
J. Biol. Chem. 1913, 14, 203), is slowly added to fresh separated nulk at 

Makcfactciu: of Indcstkial Casein.— 94°-96°F. with rapid stirring. Sufficient acid 
Although other sources have been described to produce a p„ of 4-1 (equivalent to 0 5/ o of 
(eg. vegetable, such as soya bean or peanut lactic acid) is used. After the whey has been 
cake) practically the whole of the casein of drained off tho curd is washed two of three 
commerce is prepared from cow’s milk. The times with water at 94°F., pressed, milled, fln " 
methods employed can bo grouped under two dried at I25°-I30°F. Tho highest grades ol 
headings, viz. acid precipitation and rennet casein can only be produced if the p« P 101 *!". 
precipitation. Tho resultant products show tation is carefully controlled. Another mefboo 
marked differences in properties and find for which a high degree of efficiency is claimw 
different applications in industry. has been worked out by F. L. Chappell, 

There are two main modifications of the acid (Richard W. Smith, Ind. Eng. Chem. 1934, Zu. 
precipitation method : 819). An ingenious arrangement » cmploj re 

(1) Precipitation by the direct addition of on to secure, practically instantaneously, ,nt,n J 4 ^ 

acid, usually hj drochloric or sulphuric, mixing of tho hydrochloric acid («pgf- 

(2) Precipitation by lactic acid formed by diluted with four times its volume of water)*"' 

bacterial action from the lactose the skimmed nnlk (preheated to, I I0°F.). ( * 
present in the milk (“ self souring " also G. Gcnin, La it, 1935, 15, 251 )_ .. 

method). Preparation by “ Self-souring " — T>» 
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separated milk “ starter ” is added in the pro- 
portion of about \ gallon to every 100 gallons of 
milk. The whole is well mixed, the temperature 
adjusted to 80°F., and allowed to stand usually 
overnight, until a p n of 4-6 has developed. 
The curd is then cut up with specially designed 
knives and the temperature is gradually raised 
until 120°-140 o F. is reached after 40-50 minutes. 
The curd is held at this temperature for 20 
minutes before the whey is drawn off ; it is then 
washed with hot water, pressed, and dried. 

Rennet Precipitation . — High quality rennet 
casein can only be made from efficiently sepa- 
rated milk in which acidity has not been allowed 
to develop. The amount of rennet required 
will depend both on the temperature and on 
the acidity of the milk, decreasing as either 
increases. Different preparations of rennet 
vary in acitivity. If the acidity of the milk be 
20° (i.e. if 20 ml. of N / 10 caustic soda are 
required to neutralise the acid in 100 ml.), about 
1J oz. of rennet should curdle 100 gallons of 
milk. The rennet is diluted with water and is 
stirred into the milk at about 9o°F. The milk 
is allowed to “ set ” undisturbed, t.e. for 20- 
30 minutes, and the curd is cut with special 
knives. The mass is then agitated, gently at 
first, and then more vigorously, whilst the 
temperature is raised to I50°F., about 1 hour 
being taken in the process. Considerable skill 
needs to be exercised during this cooking pro- 
cess or “ chcddaring ” (t.e. the formation of tough 
rubhcr-liko agglomerates) will occur. The curd 
is then allowed to settle and the whey drawn off. 
The casein is washed, pressed, and dried as 
before described. The mechanism of rennet 
precipitation has been extensively studied by 
Ch. Porchcr in several papers in Lait, 1930 and 
1931. 

Caseins having physical properties inter- 
mediate between those of rennet and acid or 
lactic caseins arc sometimes prepared by allow- 
ing the acidity to develop, as in the “ self- 
souring ” process, and then, before a p (! of 4-6 
has been reached, precipitating with rennet. 

Curdling by Electricity . — Various methods of 
precipitating casein by electricity have been 
described, but, as far as is known, none is com- 
mercially employed. In general they can be 
classed as modifications of the acid precipitation 
method, rather than true applications of electro- 
phoresis, as precipitation is said to be due to the 
phosphoric acid liberated by the electrolysis of 
the phosphates present. A method of obtaining 
casein and lactose by electro-dialysis is described 
by G. Jiro Kato (J. Soc. Chotn. Ind. Japan, 
1933,36,158b). 

Drying the Curd . — Various devices have been 
described, but the most important points are 
the avoidance of local overheating, causing 
darkening, and of too slow drying, when the 
casein may become sour and mouldy. The 
temperature must be carefully controlled. The 
simplest drier is a tunnel, through which trays 
of casein move in the opposite direction to a 
draught .of warm air. Other devices employ a 
heated cylinder which is rotated to keep the 
casein in motion. 

Properties of Commercial Casein. — Rennet 
casein should be clearly distinguished from acid 


or lactic casein, since they are used for totally 
dissimilar purposes. The former is almost 
invariably sold in the unground state, whilst 
the latter may be unground or ground to various 
degrees of fineness up to 120 mesh. The colour 
is best judged from the unground material. 
High-grade rennet casein is practically white, 
whilst unground lactic casein has a pale yellowish 
tint. Both should be free from dirt and dark 
particles. 

Some differences between acid and rennet 
casein are given in the papers of H. Courtney 
Bryson mentioned below (see also C. A. Cooper 
and P. G. T. Hand on the determination of p a 
of rennet casein, J.S.C.I. 1936, 55, 341T). 

The following table gives typical analyses 
of commercial casein : 



Sennet. 

Lactic. - 

Protein (N X6-38) 

. . 78-0% 

85-0% 

Fat .... 

- - i-o% 

2-5% 

“ Ash ” . 

. - 8-0% 

1-0% 

Moisture . 

- - H-5% 

10-5% 

It will be seen 

that the “ ash ” 

is much 


higher in the case of rennet casein. Rennet 
casein differs from acid casein chiefly in its 
solubility in alkalis. Acid casein is readily 
soluble in the hydroxides, carbonates, bi- 
carbonates, sulphites, borates, etc., of the 
alkaline metals. Rennet casein is insoluble in 
sodium carbonate and bicarbonate, and is only 
partly soluble in borax and ammonia. It is 
soluble in trisodium phosphate. Both acid and 
rennet casein are soluble in alkaline earth 
hydroxides, but the insoluble caseinates are 
speedily precipitated if an excess of alkali be 
present. 

Acid casein is readily soluble in cold alkali 
hydroxides, but with the other alkalis it 
dissolves only slowly and warming is usually 
practised. The easiest way to prepare a solution 
without obtaining lumps is to mix the casein 
and alkali solution in the cold, stirring vigorously 
whilst doing so, and then to allow the mixture to 
stand for about 15 minutes. The temperature 
is then raised to 130°-140°F., and the mixture 
stirred until the casein has completely dissolved, 
about 10 minutes usually being required. 

According to E. Sutermeister (“ Casein and 
its Industrial Applications,” New York, 1927) 
the quantities of alkalis required to dissolve 100 
parts of casein are : 


NaOH 3-95 

NHjOH 3-15 

Na 2 B 4 O 7 ,10H 2 O .... 14-70 

Na 3 P0 4 ,12H 2 0 12-30 

Na 2 S0 3 ,7H 2 0 14-00 

Na 2 C0 3 5-14 


The solutions of casein in alkalis are not 
coagulated by heating but are precipitated by 
acids and by many metallic salts. In tho 
former case, the casein is thrown down un- 
changed. The stability of alkali casein solutions 
depends on the p a value. Even with quite low 
Ph values eIow hydrolysis occurs, and the 
physical constants show a change within about 
24 hours. Hydrolysis is more rapid with more 



414 


CASEIN. 


alkaline solutions. Formaldehyde forms with 
casein a highly insoluble compound, and this 
property finds wide application m industry. 

The viscosity of different samples of com 
mercial casein, dissolved in alkali according to 
the same formula, vanes considerably and is of 
great importance in the industrial use of carem. 
The subject is distinctly complicated, but 
viscosity appears to depend, amongst other 
factors, on the previous history of the casein, 
the jo, | of the solution, and the age of the latter 
Some interesting studies on the viscosity of 
casein by H Courtney Bryson occur in British 
Plastics, 1032. 3, 310, 512, 514, 567 The extent 
to which alkaline solutions will froth is also a 
variable property of importance to the user, 
e«pe<nl!y in the paper industry It is probable 
that frothing ts connected with slight decom I 
position of the casein rather than with gross 
causes such as the amount of undjssolved 
matter present, as was once believed (r. infra 
Casein in the Paper Manufacturing Industries, 
p. 415) 

The “ash" is a determination to which 
man} u»crs attach considerable importance, but 
the calcium content is a much more reliable 
figure, as the "ash" can be made to vary 
widely according to the method of ashing 
Consideration is also given to the moisture, to the 
fat as determined bj a modified Werner Schmidt : 
method, and to the nitrogen The amount of ! 
matter insoluble tn alkali is a good indication of 
quality and is often included in specifications 
Reference to methods of anal} sis will be found 
in Jephcott and Ratchffe (Proc. Intern Dairy 
Cong. 1925, II, 1271) , Ulex (Chcm Ztg 
1925,49, 3074, 1930,54,421), Marcussonand 
Picard (Mitt Matenalpruf , 1927, 5, 122, 1927, 
B. 890) j Paper Trade J. 1932, 94, T.A P P 1 
Sect. 268, B, 748 , and various papers in Lait, 
for 1928, 1929, 1932, and 1934 

Uses or Casein — The chief sources of supply 
of rennet casein are France and New Zealand, 
of lactic casein, Argentine, France and New 
Zealand, smaller amounts being made in India 
and European countries Imports from the 
Argentine probably exceed those from France 
and New Zealand combined., hut the former aw*, 
generally inferior to the latter 

The industrial applications of casein are 
manifold, and it is impossible to enumerate 
them all in this article. On the one hand is the 
large field of casein plastics (q i ), and on the 
other are applications more or less linked with 
the adhesive properties of casein, viz glues and 
cements, paints and distempers, paper and card 
board making, leather finishing and calico 
printing, etc. The fields merge into one another 
at numerous points. Casein is an excellent 
emulsifying agent and is u«ed in both medicine 
and indust ry for that purpose. Finally, casern 
is widely used in food preparations and in 
medicines. 

Rennet casein is almost exclusively used in 
the manufacture of plastics, whilst acid casein 
is chiefly emplov ed in the other fields mentioned. 

Alimentary Casein. — The term “ alimen- 
tary casein ” is very loosely used in the in 
dustry, and whilst some consider its use properly 
to be restricted to casein precipitated w ith acetic 


acid, it often refers simply to finely pound, 
high grade lactic casein. 

The use of casein as a food material is dt. 
pendent on its high protein content and to the 
presence of phosphorus. Owing to its insolii 
bihty, it is rarely emplov ed .as such, but as one 
or other of the soluble casemates Casematet 
are used in a number of proprietary diabetic and 
invalid food preparations. Most of these are 
a loose combination of casern with 6% sodium 
gl}cerophosphate. Calcium .and sodium ca«cm 
ates have a limited use m infant feeding 
Casein has been used as a food adulterant 
and as a constituent of egg and other “aub 
stitutes.” 

Casein as a constituent of cheese is outside 
the scope of this article, but mention may be 
made of the use of casern m the manufacture of 
certain soft cheeses, particularly in German), 
where a proportion of casein is sometimes m 
corporatcd with fresh curd, dependent parti) on 
local taste and parti) on the economic conditions 
prevailing Casein for this purpose must hare 
been prepared with exceptional care, for the 
prteencc of extremely small traces of iron causes 
darkening of the cheese as it “ ripens " 

Casein in Medicine — In addition to ita u«e 
as an emulsif) ing agent in the preparation of 
emulsions and ointments, colloidal suspension* 
of the caseinates of the heavy metals have been 
employed 

Additive compounds with iodine ( eg Iodo 
Casein N.N.R Amer. Med Assoe ) have been 
« idely used as an easy method of administering 
this element. 

Preparations containing casein formaldehyde 
and casein tannic acid compounds have been 
employed, the former as a protective covering 
for wounds and the latter as a means ofadmims 
tcring tannic acid. 

Casein Glues — Considerable antiquity w 
claimed for casein glues or cements, but they 
have come into greater prominence during recent 
years They were used extensively in Rircralt 
manufacture during the war, and now find 
wide application in the plywood and veneer 
industry (r/ B S S Casein Cement, 3V 2) 
Adhesives, cnnaiatmi* simply of solutions of 
casern in caustic soda, borax, or ammonia we 
not usually employed for woodwork, but are 
widely used in the manufacture of cardboard, 
paper tubes, etc., and, in a totally different field, 
m the manufacture of double cloths 
The basis of most casein adhesives is lime, 
and the w aterproof qualities are usually due 
the conversion of the casein into insoluble 
calcium caseinate after glueing. The term 
“ waterproof ’’ is rather a misnomer, as no ca«ijj 
glue is fully waterproof. “ Water resistant 
would be a better term, 

A moderately strong glue is given by * 
formula of the ty pc of : 

Casein ...... 7 5 parts 

Slaked lime . . . .1*5 „ 

Caustic soda .... 1 0 „ 

Water ...... 30 ,, 

The presence of free caustic soda is a dis- 
advantage. 
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Lime alone, c.g. : 

Casein 10 parts 

Slaked lime .... 2 „ 

Water 40 „ 

gives a strong glue, -with high waterproof quali- 
ties, but such a glue has only a short working 
life and must be used within about half an hour 
of mixing with water. 

By far the most popular type is that employ- 
ing lime and a sodium salt, with which it forms 
a precipitate. Numerous salts have been used, 
but sodium fluoride has a well-deserved popu- 
larity. If the ratio of lime to sodium fluoride 
is increased, the waterproof qualities are greater 
but the working life is shorter, and the exact 
adjustment is a matter for the consideration of 
the user. 

Casein glues containing lime and sodium 
silicate have been used. 

Whilst many glues are marketed as powders, 
requiring only admixture with cold water before 
use, it is advantageous, if the glue is to be pre- 
pared from its components, to soak the casein 
first in some of the water and then to add the 
other ingredients dissolved or suspended in the 
rest of the water, stirring until the mixture is 
homogeneous. By this method the danger of 
lump formation is minimised. 

The testing of casein glues is a complicated 
subject, into which many factors enter. In- 
significant variations in the wood of the test- 
pieces have a big effect on the results. The 
length of time which elapses between the 
mixture of the glue with water and its applica- 
tion to the wood has a great influence on the 
strength of the joint. 

The use of formaldehyde in the manufacture 
of waterproof glues has been described but has 
not found wide application. 

An enormous number of patents have had 
ns a basis the admixture of inert substances, 
such as cork, rubber latex, or asbestos, with 
a casein glue for the preparation of agglo- 
merates. 

Casein Paints and Distempers. — Casein has 
for many years found an extensive application 
in paints and distempers. Casein paints have 
the advantages of cheapness and, as they can 
be sold in the dry form requiring only admixture 
with water, of convenience over oil paints, whilst 
they are more easily and efficiently waterproofed 
than paints containing glue or dextrin. The 
widest use of casein in this industry is in the 
preparation of washable exterior paints. These 
comprise an alkaline solution of casein as 
“binder,” an inert substance such as whiting 
ns “ covering,” various pigments (which, of 
course, must bo fast to alkalis), and lime to 
convert the casein into insoluble calcium casein- 
ate and thus to confer washable properties. 
Other substances, such as formaldehyde and 
hexamethylenetetramine, have been used for 
the latter purpose, but, for cheapness and 
simplicity, lime is preferred. The quantity of 
lime must be cnrefuliy chosen. Too little affects 
tho stability and the waterproof qualities 
adversely, whilst too much onuses premature 
precipitation and the paint to flake off. 


Suitable pigments are: 

For white : Whiting, china clay, zinc oxide. 

„ yellow : Ocre, hansa yellow, naphthol 
yellow, chrome yellow. 

„ brown : Umber, sienna. 

„ black : Carbon blacks. 

„ red : Oxides, lithol red. 

„ blue : Ultramarine. 

,, green : Green earth, ultramarine green, 
lime green. 

A general article on casein paints appears in 
Ind. Chern. 1932, 8, 146 (H. Courtney Bryson), 
from which the following simple typical formula 
is taken : 

Casein 10 parts 

Lime 12 „ 

Chalk 60 „ 

Clay 10 „ 

Pigments 8 „ 

Glycerol or glucose can be added to prevent 
cracking and to ensure adhesion (see also Kurt 
Beck, Gelatine, Leim, Klebstoffe, 1934, 2, 173). 

Alkaline solutions of casein are used some- 
times as “ binders ” in ordinary non-washable 
distempers, but glue is more often employed. 
They are also sometimes used with oils, replacing 
some 25-50% of the water, and the resulting 
paint is very satisfactory for outdoor work. 
Fireproof paints frequently include phosphates 
or silicates. Another class of casein paint, is one 
including rubber latex. A washable paiht for 
paper (e.g. wallpaper), cloth, or leather is pre- 
pared by mixing an ammonia solution of casein 
with glycerin and formaldehyde. 

Casein in the Paper Manufacturing 
Industry . — A very important application of 
lRctic casein is in the paper-making industry, 
especially in the manufacture of high-grade 
surfaces, such as art papers. It is successfully 
competing with bone-glue and starch, over which 
it has tho advantage of being more easily made 
waterproof. The casein itself must be of a high 
quality, free from insoluble matter, and with 
no tendency to froth under the conditions of 
use. 

A solution of casein is prepared, usually with 
two or more alkalis, the choice of alkalis being 
dependent upon the paper stock and type of 
machine used by the individual manufacturer. 
The corrosive nature of caustic soda rather 
counterbalances its cheapness. Borax cannot 
be used with satin white. Ammonia is very 
popular, as any excess dries off and the coating 
is to a certain degree waterproof. 

The casein solution is mixed with various 
mineral matters, such as satin white, precipitated 
chalk, china clay, or blanc fixe. The propor- 
tions will depend not only on the choice of 
mineral matter, but also on the coating tech- 
nique (see Mich. Eng. Exp. Sta. Bull. 1932, 
No. 42, 3). The physical properties must be 
such that tho mixture spreads evenly without 
leaving brush marks. Suitable pigments may 
also be incorporated. 

Coatings may be waterproofed by subsequent 
treatment with solutions of salts of heavy' metals, 
which precipitate insoluble caseinates, but most 
of these are coloured and are consequently 
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limited in their application, Formaldehyde has CASEIN PLASTICS. History of tie Ji. 
also been used for the purpose. It may be used dustry — About the 3 ear 1897, TV. Knsche, 1 
ui relatively small quantities eo that the coating printer in Hanover, ev olved the idea of eoatuw 
mi v tore can be applied before appreciable pre- white cardboard with a solution of casein, thus 
cipitation has occurred, or else in the form of producing a film w hich he intended to harden, 
hexamethylenetetramine, which is subsequently and to render waterproof by subsequent chemicii 
decomposed by heat. treatment. 

Casein has found other applications in the At the same time Adolph Spitteler, of Pnen in 
papcr-mamifactunng industry, in particular in Bavaria, was working upon the problem of 
speciality papers. It has teen used both in waterproofing casein. As the result of a tel 
place of, and in conjunction with, resin in suing iaboration these two workers discovered the 
Attempts to correlate the results of laboratory formaldehyde -casein reaction, on which the 
analysis and coating quality have met with whole industry i 9 based, 
mixed success. On this subject notice should They found that formaldehy de forms more or 
be taken of an important paper by E. 0 less stable compounds with casein, altering its 
Whittier, S. P, Gould, R. W. Bell, SI B. Shaw, properties appreciably. They noted that eolu 
and G TV. Bickmg find. Eng Chem 1933, 25, bihty m water and capacity for hydration bad 
904) A standardised technique for the deter- been lost, and further, that the compounl 
mination of frothing has been developed by produced was insoluble in acid. An English 
C. TV. Richards and L. TV. SIcFail {Paper Trade patent was taken out in October, 1897, and they 
J. 1933, 97, T.A P.P.I. See 1) Anti-frothing then devoted their energies to the exploitation 
agents, some of a proprietary nature (e g. of this discovery. They worked more on the 
“ Rubbenne Gel,” stt Werner Esch, Gelatine, idea of producing plastic materials in the form 
Leitn, Klebstoffe, 1934, 2, 51), have found of masses, rather than as protective coatings, 
employment. The process was finally taken up by the 

Casein n. the Manufacture of Artificial Galalith Company of Harburg, and developed 
Wool.—' T he manufacture of artificial wool from by them as a commercial proposition, 
casein ia being developed in Italy. This new The history of the development of the in- 
process, which has been patented, is the out dustry m this country is also interesting. In 
come of the researches of A Ferretti The 1909 a Russian student, Victor Schutze of Riga, 
details have so far been kept secret by the patented a process for the manufacture of solid 
patentees and by the Italian Company, Snia plastic material from nnlk curds. This process 
Viscosa, operating the patents, so that little was bought by an English company, and a plant 
information is available to the public The was erected to w ork it. 

general principles have been discussed in an The process as patented by Schutze was foond 
article by G. 31 ay in Lait, February, 1936 (cf to be impracticable, being based on what n 
Ind. Chem. 1937, 13, 186) It is there stated known as the wet process. The English 
that mineral acid casein, or casein curd, is company had therefore to work out quite m- 
dissolved in a solution of alkali or an alkahne dependency a modification of this process 
salt. The casein solution is forced through a This was done successfully and the process so 
metal plate pierced by numerous fine perfora- worked out is now known as the dry process and 
tions, and the extruded liquid enters a suitable is universally adopted as the standard method 
coagulating bath, resulting m the formation of Dry Process . — The process is substantial) 
fibres of casein, which are then removed and as follows : 

dried. The dried fibres have an appearance and The casein is treated by means of heat and 
properties similar to those of natural wool pressure with the minimum quantity of water 
It is stated that a given weight of casern will to effect its flow during the process of mans* 
yield approximately a like weight of artificial facture. Rennet casein is used exclusively 
wool The new product is being marketed in the production of casern plastics, and the dry 
under the trade name “ Lanital." The process rennet casein is ground to pass a 40-in. mesh, 
is being operated on a scmcommereial scale in It is important to note that the temperature 
Italy, and if the claims that have been made for of the casein is kept as low as possible during 
quality of product and low manufacturing costs the process of grinding, otherwise discoloration 
are substantiated, it would seem that this new of the casein will result, 
development may havo notable repercussions on The type of mill usually used for this grinding 
the wool and casein industnes. is the flour mill type, in which the material 

JIiscELLANEors Uses. — The literature and passes between finely corrugated steel rollers 
patent specifications contain many suggestions Sixty kg. of the ground casern is consider** 
of wajs in which casein can be or has been used, a standard charge for an operation. The charge 
eg. for the scaling of bottles, the refining of is placed in a suitable mixer, and any dry p 1 ? 
wines, the making of films, and in the textile ments which have to be added are mixed in* 
industries — in the last-named both in con this stage. . 

nection with calico printing and with the water- The colours are produced mostly by 
proofing of materials. Many of these appear to addition of acid dyestuffs. The dye is dissoit 
be simply special and ingenious applications of in a definite proportion of water and *pf*)*~ 
the general principles already described, and on to the mixing ; the mixing is then fort* 1 ' 
none of them has had nnj considerable industrial continued until a uniform distribution oft 
use. dje solution takes place throughout the maw 

For further references, see Science Library The mixing machines which are used fur 1 
Bibliography, No. 327 (1937). II. J. process are of the dough mixing type. 
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The dyed powder is now fed to extruding 
machines. These machines are of the same type 
as arc used in the ruhher industry. They are 
modified in various ways to meet particular 
requirements, and consist of a jacketed worm 
arranged so that complete temperature control 
can he obtained either by steam or water 
circulation. 

They are fitted at one end with a nozzle 
which has various screens inserted to control 
the flow of the material as it passes through the 
machine. 

The screw plasticises the dyed powder as it 
comes forward to the nozzle ; tire screens put 
up a resistance, and assist in the production 
of a thoroughly homogeneous product. The 
material as it now leaves the nozzle of the 
machine is in a soft and rubbery condition. 

Mottled colours are produced by mixing the 
feed powder with nibs of the complimentary 
colour or colours required. The nibs are made 
by extruding through another machine rods 
of about 4 mm. diameter. These thin rods arc 
cut up by chopping machines into 4 mm. 
lengths. Such small pieces are known tech- 
nically as nibs. The fact that these nibs have 
passed through the machine ensures a pre- 
liminary plasticising caused by the action of 
the screw. When they are now mixed with the 
base powder and again fed in the mixture to the 
mnehine, they are obviously harder and tougher 
than the haso powder and thus stand out in 
relief to form the required pattern and colour. 

The plastic material extruded by the machine 
is made in the form of rods, ribbons, or tubes as 
may be required. If sheets arc being manu- 
factured, the ribbons or rods aro cut to a definite 
length, weighed off according to the thickness 
of the sheet required, and placed in a steel 
mould. The moulds are then placed in a 
hydraulic press and the material is subjected to 
heat and pressure. The final pressure may range 
from 150 to 200 tons on the platen. f 

The material is cooled before removing from 
the mould. At this stage it will be found to be 
still in a soft and somewhat rubbery condition, 
but it is sufficiently rigid to stand upright in racks. 

These racks containing the casein sheets then 
pass into the formaldehyde tanks, where a pro- 
longed treatment in a 4-5% solution of formalde- 
hyde is given. The thickness of tho material, 
of course, determines the length of time that the 
sheets have to he immersed, and this treatment 
may vary from 10 days to 10 weeks. 

The sheets then pass from the tanks to the 
drying room and arc dried out in a plentiful 
supply of air, the temperature being kept 
round about 27°-30 J C. During this drying the 
sheets may -warp considerably, and they have 
to be finally straightened. This is done in 
hydraulic presses. They arc softened by .dry 
heat first of all and then pressed out. After 
this final straightening they remain rigid and 
arc ready for the market. The size of the sheet 
which is manufactured is usually 20 in. X IG in. 

To return to the extruding mnehine, the 
material which has to be made into rods is cut 
off in 30 or 40 in. lengths, cooled, and placed in 
trays. If tubes aro required, the nozzle of the 
extruding machine is fitted with a screen which 
Yon. II. — 27 


carries centrally a pin. This pin passes through 
the nozzle and may project slightly at its mouth. 
The material flows round the pin and so forms 
the required tube. 

The tubes and rods are placed in trays and 
then pass into the formaldehyde tanks, where 
they remain until complete formalising takes 
place. The circulation of the formalin in the 
tanks is of the utmost importance, as is also an 
accurate temperature control. Both these 
factors have a definite bearing on the length of 
time required in the formalising process. 

When the rods and tubes are completely 
formalised, they are dried in rotating drums 
through which hot air is passed. They come out 
I of the drums at the end of the drying process 
perfectly straight. This finishes the actual 
manufacturing process. 

Further treatment of the material, such as 
sanding the sheet to a smooth surface, trapping 
the rods (which is a process of central grinding) to 
accurate dimensions, and finally polishing, both 
sheets and rods, aro more in the nature of 
finishing operations than actual manufacture. 

Properties of the Material. — The specific gravity 
of the casein plastic material is 1-33-1-34; age 
and atmospheric conditions may cause a varia- 
tion in the figure ranging over |% either way. 

Action under Heat. — At 130°C. the material 
begins to discolour, but the change is very slight 
and is only a disadvantage in the more delicate 
colours. At 1C0°C. the discoloration shows in all 
colours, but the material still retains its plastic 
and cohesive nature. At 200°C. after some 
minutes disintegration takes place. 

The material is non-inflammable and will only 
burn on being held in a flame. It is somewhat 
hygroscopic and can bo softened in hot water, 
moulded, and pressure polished. 

It is an excellent insulator and can bo used for 
all low- tension work, but on account of its hygro- 
scopic properties it is not suitable for high-tension 
work or for outdoor work of any description. 

In most respects it is worked like horn and 
ivory; it can be turned, drilled, polished, 
stamped, moulded and engraved. 

Altogether it has found its way into thirty or 
forty trades, and it is now looked upon as a 
thoroughly reliable and proved material. It is 
a beautiful material to handle and can be used 
in the production of the most delicate pastel 
shades as well as for rich and decorative colour 
schemes. On this account and also on account 
of its relatively low production cost, tho material 
is very popular in the world of decorative art. 

R. D. 

CASEIN WOOL, LANITAL v. Casein, 
Casein in the Manufacture of Artificial Wool 
(p. 41G). 

CASHEW APPLE, CASHEW NUT 

v. Axacakdiuji Nut. 

CASHEW NUT SHELL OIL r. 

Anacakdium Nut. 

CASIMIROEDINEv. Casimiroine. 
CASIMIROINEandCASIMIROEDINE 

occur in Casimiroa cdulis (Fam. Rutacere) which 
is a tree widely distributed throughout Mexico 
and Central America. It is known in Mexico 
as “ Chochitzapotl ” and “ Iztactzapotl,” and in 
Guatemala as 1 ’ Matosano,” in the Pharmacopceia 
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of Mexico the fruit and seed are called “ Zapote 
Llanco." Power and Callan (J.C.S. 1 91 1, 89, 
1993). The two bases are extracted from the 
kernels by hot alcohol. 

Casimirome (1). C t ,H t() O s N t , mp. 196°— 197° 
(from E t O H or C H 3 COOEt) optically inactive, 
contains two metboxyl groups. Its salts disso- 
exate in H,Q; ptcrate (needles, mp 165°) and 
ehloroaurate (needles, m p 195®-l 96°) are the 
only two crystalline salts. For colour reactions, 
ef Power (1 c ). By boiling (I) with alcoholic 
potash CO, is split off, and by addition of 1 mol. 
of water raetmirothne, C tJ H„OjN,, ra.p 171°, 
w formed By extracting the mother liquor 
of (I) with ammonia, easxmiroedine (II), 
C l7 H„0 3 N.. m p. 222°-223° (from EtOH) is 
obtained. (U) is a fairly strong base, (a] D 
— 36 5 s , insoluble in tho usual organic solvents 
except hot EtOH, it does not contain methoxyl- 
groups, it gives a crystalline ehloroaurate, ra p 
145°-148°. There is nothing further known 
about the constitution of the two bases. Both 
alkaloids are physiologically inactive. For other 


compounds, isolated from the kernels of 
cf. Power (l e ). ' Sthh 

CASSAVA. Two species are met with, vu. 
bitter cassava (Ham hot vtilissima, p 0 hl) and 
sweet cassava (J I. palmala MuelJ., M. .dim 
pohl, or A!, dttlfts, var A\p Pax). The flesh; 
roots contain large proportions of starch and 
after pulping and drying on hot plates yield 
the tapioca of commerce. The purified on 
gelatinised starch is known commercially as 
mandioc starch or as Brazilian, Bahia, Rio or 
Para arrowroot. 

Bitter cassava contains small proportions of 
hydrocyanic add (up to 0 07%) which may he 
removed by pulping and washing with water. 
S« eet varieties may contain as much as 0 0(B% 
HCN, which is present both m the bark and 
edible portions of the roots. 

Cassava may be boiled and eaten as a root 
vegetable or dried and ground into a dour from 
which bread and cakes may be prepared. 

The following are typical analyses of cassava 
products : 



Whole 

root 

Dried 

Peeled 

root 

Hour 

Dread 

Tapioca 

Mandioc starch 

H,0 .... 

63 8 

10 38 

613 

5 76 

26 00 

9-15 

12 0-160 

Protein 

0 96 

125 

0 64 

2 98 

11-25 

0 3-1 8 

0-0 45 

Fat .... 

0 26 

0 35 

0 17 

0 42 

8 GO 

0 1-4)5 

0 15-020 

N-frce extract 

32 7 

84 36 

36 5 

83 8 

49 11 

79-89 

82 9-86 9 

Starch 

27 05 

73 56 

30 93 

64 3 

— 

— 



Pentosans . . 

. — 

215 

— 

26 


. — 

— 

Fibre . . . 

0 85 

1 90 

0 88 

5 08 

40 

0 75 

00-08 

Ash ... . 

063 

(“> 

J 76 
(6) 

051 

(c) 

I -96 

W 

1 04 
<«) 

0 2-1 0 

004-0 45 


(fl) Adriano tt al (Philippine Agrie 1932, 20. 030). 

(6) Kllna (Laodw Yersuchs -Scat 1913, 82, 211) 

<r) Ewell and Wiley (Amer Chem J 1893,15,280) 

Id) Wiley (US Dept Agric DiV Chcra 1894, Dull. 41). 
(a) Guallrado (Sanldad y Bencflc. 1922, 27, 145). 


Wiley (i e.) reports the ash of peeled roots to 
consist of K,0 41C, Na x O 12, CaO 10 6, 
MgO 7 35, Fe,O s 0 6G, P.O, 15 6, SO, 3 7, 
SiO, 0-9, Cl 2 8, CO, 9 I. A. G. Po. 

CASSEL EARTH or VANDYKE 
BROWN, a highly bituminous ferruginous 
earth used as a pigment. 

CASSEL GREEN r Bamuv. 

CASSEL YELLOW. Lead oxychloride. A 
pigment also known as Turner' a 1 ellow, J font 
pelter Yellow, Mineral Yellow, And Patent Yellow. 

CASS ELM ANN’S GREEN is a basic 
copper sulphate with a bright green shade. 

CASSIA. The bark of Cinnamomum cassia 
Blume (Fam. La ware®), it resembles cinnamon, 
but Is thicker, coarser, stronger and less delicate 
in flavour. 

CASSIA, ESSENTIAL OIL OF. The 
oil obtained by distdlation from the bark, twigs, 
and leaves of Cinnamomum Cassia Blume 
(Fam. Lauraceir), cultivated in China. The 
residues from the cassia bark which is collected 
for commerce are employed for the distillation 
of the oil, which is carried out by natii cs under 
primitive conditions. Practically the whole of 
the supply' is collected in South China and in 
French Indo China, The oil is purchased from 


tbe native distillers by dealers who sell again 
in local markets to larger dealers. It is then 
shipped to Hong Kong, which handles practically 
the whole of the export from China. Much of 
tbe oil is shipped in leaden canisters, butitvsri* 0 
available in tins and drums. 

Constituents . — The main constituent is cuina- 
mahiehyde, of which it contains 80-99% 
Other constituents are the methyl ether of 

0 coumaraldehyde, a crystalline substance 
melting at 46°-47“, saliey laldchydc, coumann, 
benzaldehy de, methyl cinnamaldehydc, and 
pfienylpropyl acetate. 

1 Characters . — The oil aa imported is divweo 
into different grades according to its cinna* 
maldehyde content. For many years this has 
been determined by adsotpiion with solution of 
sodium bisulphite, which, however, gi' M W I 
accurate results owing to the adsorption® 
other constituents. Efforts have recently b« n 
made to adopt the more accurate hydroxy W™ ,ne 
method which has been adopted in tbe “ Rntu 
Pharmaceutical Codex ” for the redistilled oi 
By tbe old method the genuine od g# rc * , 
indication of 90-95% cinnamaldehyde, » n 
this grade was reduced by the addition ol 
mixture of resin and petroleum to 
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grade.- Formerly lower grades were marketed 
but these have now been practically abandoned. 
It is hoped that the pure oil only will eventually 
be demanded by shippers. 

The characters of the genuine oil are as follows : 
sp.gr. at 15° 1-055-1-070, a™ — 1 to +6, ti^ 0 
1-600-1 -606, it is soluble in 3 vols. of 70% 
alcohol. The percentage of cinnamaldehyde 
as determined by the hydroxylamine method 
is not less than 80%. This corresponds with 
about 90% by the bisulphite method. The oil 
should be free from alcohol, resin, and petroleum. 
Alcohol is detected by shaking with a saturated 
solution of brine and distilling the brine solution 
after shaking with light petroleum. From the 
specific gravity of the distillate the percentage 
of alcohol can be calculated. Resin is detected 
by adding a solution of lead acetate in 70% 
alcohol to a solution of the oil in 3 vols. of the 
same solvent. If resin is absent a clear solution 
is obtained. Light fractions of petroleum can 
be detected by distilling the oil with steam, 
when the petroleum separates from the dis- 
tilled oil as a separate layer. 

Redistilled Cassia Oil is official in the “ British 
Pharmaceutical Codex,” and in the “ United 
States Pharmacopoeia,” whero it is described as 
oil of cinnamon. The characters of this oil are : 
sp.gr. at 15-5 1-055-1-065, ap°+l to —1, 
1-600-1-606, cinnamaldehyde content not less 
than 80% by weight, determined by the 
hydroxylamino process. Solublo in 3 vols. 
70% alcohol. C. T. B. 

CASSIA TORA (Linn.) or TAGEREY- 
VEREY. This plant produces grains known 
in the Enst Indies, Arabia and Japan as Tara, 
but which are known in Pondicherry and other 
parts of Hindustan as Tagerey-vcrcy. It is 
regularly used as a component of the indigo vat 
in dyeing, apparently serving the same purpose 
ns tho bran-madder or molasses used in Europe. 

Tho native dyers use the Tagerey-vcrcy in the 
following manner. To dye about 200 yds. of 
cloth, 11J lb. of the grain are steeped in from 
5 to 6 gallons of cold water, and then boiled 
for 4 hours. The grains are swollen and 
softened by this treatment, and tho water 
becomes thick and gummy. The whole of this 
is added to tho indigo vat, and after standing 
for 15 hours tho vat is ready for use (Elbomc, 
Pharm. J. 1889, 3, 242 ; Hooper, Bot. Jahresber. 
1896, ii, 479). 

CASS ITER ITE or TIN-STONE. Native 
tin oxide, Sn0 2 , containing 78-6% of tin, and 
practically the only oro of tho metal. It varies 
much in appearance — tho colour ranges from 
wliilo to black, being usually dark brown — and 
its most characteristic featuro is its high sp.gr. 
of 6-8-7-1 ; hardness, 6-7, easily scratching 
glass. Crystals are tetragonal, with highly cha- 
racteristic knee-shaped twins ; their faces are 
often very brilliant with an adamantine lustre. 
There is an absence of cleavage ; and this 
readily helps to distinguish tho mineral from 
blende. Crystals arc, however, not very 
common, tho mineral being more frequently 
found as disseminated grains and water-worn 
pebbles. Grains of cassiterite in a concentrate 
panned from a river sand may bo readily 
detected by a very simple and characteristic 


test. When placed on a zinc plate, or in a basin 
with fragments of zinc, and dilute hydrochloric 
acid poured over, any grains of tin-stone soon 
show a shining white coating of metallic tin. 
Veins of tin ore usually occur at the junction 
of granitic masses and -slates, and the ore also 
impregnates the rocks bordering the veins. 
Such ores are known as vein-tin, to distinguish 
them from the stream-tin of alluvial deposits. 
A compact variety with a radially fibrous and 
concentric structure and sometimes a botryoidal 
surface is known as wood-tin. The ore as pre- 
pared for market is known as black-tin, and in 
South America as barilla. The principal tin- 
producing countries are the Federated Malay 
States, the islands of Banka and Billiton in tho 
Dutch East Indies, Siam, China, Australia 
(Queensland, New South Wales, Western Aus- 
tralia), Tasmania, Bolivia, Cornwall, and more 
recently South Africa (Transvaal and Swazi- 
land) and Northern Nigeria. The production 
of tin ore amounts to about 170,000 tons per 
annum. L. J. S. 

CASSIUS, PURPLE OF. A purple pig- 
ment, used chiefly in the manufacture of ruby 
glass, and stated by Haber (Physikal. Z. 1924, 
25, 45) to be a mixture of colloidal gold and 
colloidal stannic acid. It can be made by 
adding tin chloride to a solution of ferric chloride 
until a green colour is produced. The solution 
is then added gradually to a solution of gold 
chloride (AuCI 3 ). It was discovered before 
1685 by Andreas Cassius. 

CASTELAGENIN v.Castelik. 

CASTELI N, 0, 5 H 22 O 8 3Aq. M.p. 205°. 
Md +62-9°, is a glucosido isolated and named 
by Bosman (J.C.S. 1922, 121, 969) from the 
bitter bush (Castela Nicholsoni ) and other 
Simarubace.-e, decoctions of which have for 
centuries past been used for dysentery, malaria, 
etc., by the natives of China, Mexico and Texas. 
It is hydrolysed by 20% hydrochloric acid to 
glucose, and an aglucone, castelagenin, of 
unknown constitution. E. F. A. 

CASTOR or CASTOREUM. This sub- 
stance is one of the few animal perfume materials, 
analogous to civet and musk. It is a secretion 
of the beaver (castor fiber) contained in cellular 
glands situated under the abdomen, near the 
genital organs. These glands are cut out and 
dried. The secretion, which is soft at first but 
hardens on keeping, is occasionally used in 
medicine, its main use being in perfumery. It is 
collected by native Canadian hunters and 
brought in to the Hudson Bay Company’s depot, 
who may be said to hold the monopoly of the 
product. 

Little is known of its composition. In 1848 
Wohler (Annalen, 1848, 67, 360) made a cursory 
examination of it and stated that phenol was 
present. It has been found to yield 2-1% of 
essential oil, which contains c-cresol, a phenol 
acetophenone, benzyl alcohol, 
1-bomcol, p-ethylphenol, and a methoxy- 
containing phenol (Walbaum and Rosenthal) 
(J. pr. Chem. 1927, [ii]', 117, 225). These 
chemists consider that the phenolic bodies are in 
part, at least, due to the smoke of the fuel used 
in drying the organs of the trapped beavers. 
St. Pfau (Perf. & Essent, Oil Rec. 1927, 18, 206) 
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has al«o found present ft characteristically 
odorous lactone, and also cthjlphenol. 

A genuine castor should yield between So and 
00% when extracted with ether. The a'h 
should not exceed 1%. E J. P. 

C A ST OR O I L is obtained from the seeds of 
Jlicmut eommunis, L, and if. tangumeua (the 
red or purple castor). The former plant appears 
to be indigenous to Africa (Egypt), but was 
transplanted to India at a very early stage of 
history, so that some writers consider the plant 
indigenous to India itself The plant grows in 
enormous quantities in all tropical and sub- 
tropical countries, and is even found wild to day 
m South \menca, notably in Paraguay and the 
Argentine. The purple castor is best accli- 
matised in North Afnca and the Mediterranean 
area (Morocco, Italy, Egypt, etc), and n 
e= penally valued for the production of pharma- 
ceutical Oils. 

Numerous closely allied species of Rtcinus are 
known, but have not jet been exploited on any 
large scale, although in some cases the seeds 
contain considerably greater amounts of oil 
than the commercial varieties (e g 60-70%, and 
cien 85%) , for an account of these plants and 
their oils, see Bco-xS (Thesis, Paris, 1929), Andr# 
and Bessd (Bull Sci. Pharm. 1931, 38, 4S7), 
Eberhardt (“ Le Kicin,” Pans, 1931), Shrader 
(U.S. Dept. Ague. Bull. 867, 1920). 

The most important sources of castor seed are 
East India (which furnishes about three quarters 
of the world’s crop), Java, the Mediterranean 
countnes, Mexico, and the United States of 
Amcnca, whilst the cultivation of the plant 
has of recent jears been developed in the 
Egyptian Sudan, Fiji, the East African Pro 
Wtoratcs and South Russia 

The seeds consist of 20% of husks, which are 
rich in mineral matter, but contain no oil, and 
80% of kernels, forming a white, softish mass. 
The seeds contain the toxalbumrn ncin, or 
rieinwe (<■/. Osborne, Mendel and Hams, Z. 
ami Chem 1907, 46, 213; S. Inowe, J. Soc. 

( hem Ind Japan, 1937, 40, 122B) 

The kernels contain a pow erful fat-hy droly sing 
enzyme (fipqse) ; advantage is taken of the 
presence of this natural fat splitting agent in 
the conimcrnal process for the production of 
fatty acids from oils (particularly from castor 
oil) by the " enzy me ” or “ ferment ” process 
of enpomficahon, in which a “ferment” pre- 
pared from macerated castor seed is employed 
to catah se the by droly sis of the oil. The lipase 
cm be extracted from cantor beans by means 
of ether (Falk and Siigmra, J Amcr. Chem. 
Soc. 1915, 37, 217) Castor lipase is able 
to catalyse the hydrolysis of oils at tempera- 
tures os low ns —5 C (BHnchet, Compt. 
rend. 1914, 158, 893) , WilNtatter and 
Waldsohmidt-Lcitz (Z. physiol. Chem. 1921, 
134, 161), in agreement with Haley and Lyman 
(J. Amcr. Chem. Soc. 1921, 43, 2(i64) and Falk 
(i&uf. 1926, 48, 1655) haic shown that the 
lipase (“ spermatohpa«c ”) present in ordinary 
resting (dormant) castor-recd possesses bpoly tic 
activity in acid media at an optimum p H of 
4-7-5 (r/. Tanaka, J. Coll. Eng. Tokyo, 1912, 
(\), No. 4, 125 ; J. Foe. Chem. Ind. Japan, 
1918, 21, 112 ; Armstrong and Gosney, Proc. 


Roy. Soc. 1913, B, 86, 586 ; 1917, B, 88, 17{) 
When castor seed germinates, the lipolytic 
enzyme changes its character, and is contend 
into the enzyme “ bhstohpa=c" (WdLstatterind 
aid schmidt -Lei tz, l e.) which displays man 
mum activity m neutral solution (e/. r a doa 
and Spada, Giora. biol. appl. ind. chim. 1931. 
1, 81 ; Connstein, Hoycr, and Wartenberg, Ber 
1902, 35, 3988) ; this change appears to be the 
result of the action of a proteolytic seed enzyme 
on the protein like colloidal carrier of the castor 
lipase (e/. Waldschmidt Leitz, Chem. and Ind 
1936, 625). (For the preparation of technical 
castor seed ferment, see Kita and Osumi, J. Soc 
Chem. Ind Japan, 1923, 26, I1B; Sudboroogh, 
J Indian Inst. Sci 1922, 5, 119.) 

The hydrolysis reaction is a reversible one, 
nnd, under suitable conditions, lipase is capable 
of inducing the synthesis of mono , di , and tn 
olein from an emulsion of oleic acid and glycerol 
(Krausz, Z angew. Chem. 1911, 24, 829). 

Castor seeds contain, about 46-55% of oil , 
on the manufacturing scale, about 40% (on the 
seed) can be recovered by expression. For the 
production of the best quality oil (for medicinal 
purposes and for aero engine lubrication), the 
seeds are decorticated before being expressed in 
the cold The press cake is subjected to a second 
and third expression, but the oils so obtained 
are unfit for medicinal use, and are employed 
for technical purposes (soap making. Turkey- 
red oils, and lubricating oils) The lowest grade 
of oil is obtained by solvent extraction (usually 
with carbon disulphide) from the final press 
residues. 

The cakes retain the toxalbumin, new, and 
are therefore unfit for feeding purposes A! 
though various methods for removing the ncin 
hfti e been proposed (e/. Indian Trade J. 1908, 9, 
309; 1909,11,273; Petrosyan and Ponomarev, 
Schwemczucht, 1934, 4, 33), castor cake has not 
yet been used as cattle food ; it is largely 
employed, however, ns a fertiliser, being rich in 
nitrogen (c f. Bull. Imp. Inst. 1911, 9, 33). 

A simple physiological method of detecting 
castor seed m other seeds is described by 
Lander and Geako (Analyst, 1914, 39, 292) : 
for a review of other suggested methods, e<e 
Wagcnaar (Z. Enters. Lebensm. 1929, 57, 413), 
nnd Better (Allgem. Oel- Fett Ztg. 1932, 29. 
541). ' . -, 

Castor oil is a colourless or pale greenish oil. 
haiing a taste at first mild, then harsh, but the 
finest medicinal quality is practically tasteless , 
tbc harsh taste is more pronounced in American 
than id Italian or French oils. Castor oil 
non-drying, and has the following analytical 
characters: spgr.JJ* 0 959-6 90S, refractive 
index l-477-l-479/20*C., iodine value 81-90. 
saponification value 175-183, acetyl value 133- 
154 (usually about 150), unsapomfiablc 
0 4-0 7%, melting-point of fatty acids 1J 
(Bcsse, Thesis, Paris, 1929 ; cf AndnS u" 
Bess#, Bull Sci. Pharm. 1931, 38, 487, report* 
p gr.{* 0 9485-0 9532. saponification ralaes 
178-192, nnd acetyl valnea of 106 5-134 2 or 
castor oils extracted by means of carbon am * 

phide). The setting point of expressed c#*™ 

id. VB. —10“ to -18“C. i, CMptioMlly lo*. 
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The oil is strongly dextro-rotatory ([a] n + 7-6 to 
q-9-7, Deering and Redwood, J.S.C.I. 1894, 13, 
959 ; cf. Besse, l.c.)., the optical activity being 
due, probably, to the presence of an asymmetric 
caTbon atom in the constituent ricinolcic acid 
(cf. Andre and Besse, Ann. combust, liq. 1931, 
6, 245). 

Castor oil is characterised by the presence in 
predominating amount of glycerides of ricinoleic 
(11-hydroxystearic) acid, as a consequence of 
which the oil is distinguished from all other 
commercial fatty oils not only by its optical 
rotation but also by its high specific gravity 
and acetyl value { see above), and by its complete 
miscibility with absolute alcohol and glacial 
acetic acid, and its insolubility in large quantities 
of light petroleum, kerosene or high-boiling- 
paraffin oils. 

The oil gives a homogeneous solution with an 
equal measure of light petroleum, or with 1 £ vols. 
of kerosene ; if more solvent is used, the excess 
will float on the top of the mixture. If castor 
oil be mixed with a small quantity of another 
fatty oil, the characteristic insolubility in 
petroleum distillates is lost. 

Castor oil also possesses the highest- viscosity 
of all known fatty oils, only “ blown ” oils and 
rosin oil approaching it in this respect ; typical 
values are shown in Table 1 below, in which 
some figures for competing solvent-treated 
mineral oil lubricants have been included for 
comparison : 


Table I. — Viscosity of Castor Oil, etc. 



Castor oil. 

Solvent-treated 
mineral oil. 


First 

press- 

ings. 

Second 

press- 

ings. 

“ Avia- 
tion.” 

"Heavy 

Avia- 

tion.” 

Viscosity, Red- 
wood — 

Secs. 

Secs. 

Sees. 

Secs. 

At 70°F. . . 

[ 4,250 

3,600 

3,200 

4,400 

At }0Q o F. . . 

1 1,160- 

| 

1,000 

1,350 

At 140°F. . . 

1,190 

340- 

335 

1,320 

410 

At 200°F. . . 

350 

95 

95 

100 

120 

Viscosity index . 

80 

87 

102 

108 

Open flash point. 

542°F. 

500°F. 

— 

— 

Sp. gr. at 60°F. . 

0-900- 

0-902 

0-882 

0-888 

0-908 





Tho fatty acids of castor oil consist of 80-S2% 
of ricinoleic acid, 7-9% of oleic, 1-3% oflinolic, 
and 2-5% of stearic and dihydroxystcaric acids 
(cf. Kilmer and Miinzing, Clicrn. Umschnu, 1925, 
32, 153 ; Hciduschkn and Kirsten, Pliarm. 
Zentr. 1930, 71, 81 ; Panjutin and Rnpoport, 
Chcm. Umschnu, 1930, 37, 130 ; Toyama and 
Ishiknwn, Bull. Chcm. Soc. Japan, *1930, 11, 
735 ; Burner and Brohm, Z. Untcre. Lcbcnsm. 
1930, 72, 1). Tho bulk of the ricinoleic acid 
is present ns the glyceride tri-ricinolcin ; 
in addition, di-ricinolco-stcarin and di-olco- 


rlcinolein have been identified by Eibner and 
Miinzing (l.c.), whilst Andrd (Compt. rend. 
Congr^s , du Graissage, _ Strasbourg, 1931) 
records tho presence of di-ricinoleo-linoUn and 
di-ricinoleo-mono-dihydroxy stearin. 

Crude castor oil intended for lubrication may 
be refined by steaming the oil, in order to 
inactivate any lipase present and to coagulate 
albuminous impurities, so that they can be 
removed by filtering ; the oil is then deacidificd 
with caustic soda if necessary. According to 
Russian experience, however, it is preferable 
that the oil should not be filtered before the 
treatment with alkali, as the presence of 
the albuminous matter is stated to facilitate tho 
separation of a coarse-grained soap-stock (cf. 
R. Heublyum, Allgem. Oel- Fett-Ztg. 1933, 
30, 77). 

The medicinal use of castor oil is well known ; 
the cause of the purgative action is not yet 
fully' understood, but it appears to be associated 
with the oil itself (ricinoleic glycerides) and not 
with any adventitious constituent (cf. Normnnn, 
Z. Deuts. Oel- u. Fett-Ind. 1926, 46, 193 ; 
Heiduschka and Kirsten, l.c. ; Valette and 
Salvanet, Compt. rend. Soc. Biol. 1936, 122, 68). 

Owing to its extremely low setting-point, 
high viscosity, and its comparatively flat 
temperature-viscosity curve (viscosity index 
80-90), castor oil has proved a very valuable 
lubricant for internal combustion engines, and 
in particular for racing motor-cycle and aero- 
plane engines. For the latter purpose the 
highest quality of cold-pressed oils is employed. 
The specification for castor oil for lubrication 
drawn up by the Air Ministry of Great Britain 
(Air. Min. Spec. DTD 71) requires that the 
oil shall have : sp.gr. C0 ° F - 0-959-0-968, vis- 
cosity at 200°F. not less than 20 ccntipoises 
(about 93 seconds. Redwood), acid value not 
over 3-5, unsaponifiable matter not exceeding 
0-8%, iodine value 82-89 ; in addition the oil 
must remain perfectly clear when exposed (in a 
closed tube) to a temperature of — 10°C. for 4 
days, and a solution of I part of oil in 4-15 parts 
(by weight) of alcohol (sp.gr. 15-1 0-8303) must 
be perfectly clear at 20°C., and must remain 
clear when cooled to 0°C. for 5 minutes. The 
requirements of Air Min. Spec. DTD 72 for 
“ treated ” castor oil (presumably' deraar- 
garinated oil) are more stringent as regards the 
cold test (10 days at — 10°C. without turbidity) 
and the alcohol-solubility test (cf. also British 
Standard Specification 650/1936 for castor oil 
(“ firsts ”) quality, and Specification of U.S. 
War Dept. (Castor oil for internal combustion 
engines is, however, now being displaced to some 
extent by special grades of heavy mineral 
lubricating oils which have become available 
since the introduction of the newer solvent- 
processes of refining, cf. Table I.) Stable com- 
pound oils consisting of castor oil with 5% of 
mineral oil, or mineral oil containing 5% of 
castor oil, are also used as lubricants. 

An important class of materials of the type of 
“ Turkey-red Oils ” is obtained by the more or 
less intensive 6uIphonation of castor oil ; 
these products, which originally acquired 
importance ns mordants in alizarin dyeing, are 
extensively used as wetting-out and emulsifying 
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agents in the dyeing and finishing of textiles, 
in the preparation of " soluble ” («.«. emulsified) 
lubricating oils (cutting oils, etc) and in the 
leather industry for the fat liquoring of leather 

Castor oil itself is also employed in the manu 
factum of transparent soaps, as a softener 
for nitrocellulose lacquers, eg for artificial 
leather finishes and aeroplane ** dopes ” (r/ 
British Standard Specification 3D5 Aircraft 
Materials — " Castor oil for intro dope cover- 
ings ”) and, more recently’, as an ingredient of 
synthetic resins and plastics The oil also finds 
minor applications as a dressing for leather- 
bolting, in the preparation of fly gums and other 
adhesives, and in pharmacy as a hair oil and 
massage oil 

On subjecting castor oil to destructive distil 
lation, “cognac oil,” a mixture of undecylenic 
acid and heptaldehydc (oenanthaldehy de) is 
obtained, whilst pyrolysis of the sodium soaps 
of castor oil fatty acids yields see octyl alcohol 
and methyl hexyl ketone , &]J these materials 
are important intermediates in the perfume 
industry , heptaldeby de forms the basis for the 
preparation of the synthetic " jasmine *’ 
perfumes. 

The use of castor oil (ncinoleic and) as a raw 
material for the preparation of an artificial 
drying oil has been patented by Scheiber, 
US.P, 1042778 

By beating castor oil for 10 hours at a tempera- 
ture of 2G0''-S00 o under a pressure of 4-6 atms., 
it becomes miscible with mineral oils (c/ H. 
Nord huger, G P. 104499 , \ libers London Co, 
B P 193099 , Jleizenstein, U S.P. 1715785) 
Such products (marketed in Germany under the 
name Floncinoel or Dertonoel ) found some 
use at one time as ingredients of compound 
lubricating oils, but appear to have fallen into 
disuse When heated at 150° -250°, and then 
neutralised with alkab, castor oil yields soaps 
which are soluble in hydrocarbons 

The figures below illustrate the extent of the 
castor oil industry. (N.B.— Figures in tons s 
average oil content of seed 42% ) (Selected from 
Rev. of Oilseed, etc , Markets for 1937, Frank 
Fehr A Co ). 

Taiile If. 


Seed. 

Indian pro- j 
ductlon - 
l/.K Imports . 

> rench Imports . 
U.S Imports 


1031 

1035 

1936 

1937. 

1 118,000 
35,415 
18,800 
41,447 
17,503 

109,000 

30,30a 

20,9CK) 

31,401) 

18,570 

122,000 

29,937 

21,571 

73,243 

27,820 

120,000 

32,412 

17,951 

05,117 

not 

available 

. 30,000 

40,000 

35,000 

33,000 

17,407 

14,448 

30,702 

27,301 


Figure indicating the present production 
of castor seed m South Russia are not available, 
but it t.* stated to be sufficient to provide for 
internal needs and & balance for export. 

J. L. and E. L. 


CATALASE. The word is a collective tens 

for those enzymes which destroy hydrogtn 
peroxide. Catalases of different origin may be 
supposed to differ according to the nature cl 
their colloidal earners. 

Active preparations can be made from most 
cells, the purest and most stable ate made 
from liver extract (Zefie and Hellstrom, Z. 
physiol. Chem. 1930, 192, 171 ; 1931, 195.31). 
Vegetable catalase is much less stable. Catalase 
activity has been correlated by ZeJe with the 
ha?matin iron content attached to a rollout 
component. Haldane (Proc. Roy. Soc. 1931, 
B, 108, 553) calculates that an atom of csUfase 
iron will at 0° decompose from Gx 10 * to 
2x10 s molecules of H t O r These figures art 
of the same order as those for the non m 
peroxydase and in the respiratory ferment 
(For a recent account, tee Zefie, Ergebnisse der 
Enzymforschung, 1934, 3, 2G5 ) 

According to Stem (Nature, 1935, t36» 303, 
335) the haematm group has a porphyrin skeleton 
with the same arrangement of the side-chauu 
as in the natural blood pigment. The colloid 
is considered to be a protein. Agner (Z. physio! 
Chem. 1935, 235, 11) claims indeed to have 
separated catalase by dialysis against and 
solution into two fractions, the prosthetic group 
and the protein, each alone being inactive but 
regaining actn ity on mixing. E. F. A 

CATALIN (trade name). Cast phenol 
formaldehyde condensation products manu 
factured by the Catalin Corporation in the form 
of rods, tubes, sheets and special castings 

E. E W. 

CATALPO. Trade name for a colloidal 
china clay, used in paint and rubber manu- 
facture. 

CATALYSIS IN INDUSTRIAL 
C H EM I STR Y. The applications of catalysis 
in industrial chemical processes have undergone 
remarkable developments during the present 
century, especially m the field of heterogeneous 
catalysis, i e. actions which take place between 
gases and/or liquids at a specific solid surface 
of suitable physical form. There are also, 
, however, many' important instances of homo 
geneous catalytic actions which are used in 
industry. The theoretical background of cata- 


undertaken in laboratories in many 
UJ the world. At the present time we 
possess at least a working picture of the 


il ” adsorption and the “ ftctivaj 
n ” or '* chemisorption ” which w ‘ ne 

t to actual catalytic 

In a catalyst especially we have realised tna , 
first emphasised by II. S Taylor, we arc not con- 
cerned with the average behaviour of atom* ® 
molecules in the mass, but with the properties 
a select few of the individual atoms or m ° lei TV 
present. Recent research has in P ar * TV. 
directed to attempts to define which pa rt [ c 
in a solid surface (e g. possibly those lying a 6 
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phase or micro-crystal boundaries) possess the 
essential properties of a catalyst — and why; 
b>it here we are still very much in the region 
of uncertainty, or even speculation. The 
theoretical or “ fundamental ” investigations 
which arc of immediate value to the technician 
are those (c.g. studies of adsorption and thermal 
effects, etc.) which have indicated the conditions 
essential to an active catalyst surface and those 
which tend towards increased activity on the 
one hand (catalyst activators or stimulants), 
and retarded activity on the other (catalyst 
“ poisons,” “ negative catalysts ”). Further, 
physical chemistry plays an important part in 
the use of catalytic processes, and their utilisa- 
tion is frequently helped by considering specific 
problems in the light, for example, of the Le 
Chatelier Principle or of Ncrnst’s Heat'Theorem, 
to mention two of many instances. 

No attempt can be made in this article to give 
a complete account of industrial catalytic pro- 
cesses, the details of which will be sought in 
articles dealing with each individual product. 
The present purpose is to surrey the whole 
field of technical catalytic processes so ns to 
focus attention, in the first place, upon the 
more important products manufactured by 
catalytic agency, and, in the second place, upon 
the nature and functions of the many sub- 
stances used as catalysts and upon the 
different physical conditions under which 
different catalytic processes proceed to the best 
advantage. The variety of elements and com- 
pounds which exhibit useful catalytic properties, 
in one direction or another, is enormous ; but 
while non-metallic elements, salts, and more 
complex compounds are all to be found amongst 
catalysts employed at the present time, it is 
true to say that the active agent is most fre- 
quently a specific inetal or metallic oxide, or, 
often, a binary or ternary mixture of metals or 
of their oxides. The temperatures and pres- 
sures at which catalytic processes are carried on 
vary widely. Some actions, such as the con- 
densation of acetaldehyde to ethyl acetate or 
erotonaldchyde (aldol), require a very low 
temperature ; many others take place over the 
range 100’-250° and not a few at 400' , -500° or 
even higher. Similarly, working pressures range 
from atmospheric through moderately high 
(10-20 at ms.) to very' high pressures (250- 
1,000 atms.), the latter having been developed 
for the most pnrt within the last quarter of a 
century. Some of the more important materials 
produced technically by catalytic action will 
now be considered, commencing with inorganic 
substances and proceeding subsequently to the 
chief applications of catalysis in the manufacture 
of organic compounds, including a reference to 
those cases in which enzymic catalyses (fer- 
mentation) are conducted on an industrial scale. 

•StrLmnuc Acid. — (i) Chamber Process . — The 
old chamber sulphuric acid process was one of 
the rare cases of a homogeneous catalytic pro- 
cess taking place in (he gaseous phase — although 
probably part of the oxidation of sulphur 
dioxide to trioxide always occurred, even in the 
older plants, in the liquid phase (in aqueous 
solution cither ns mist or on the walls of the 
chambers). In modern practice the aim has 


been to reduce the chamber space by injecting 
water spray's instead of steam (Moy’er, Mills- 
Paekard) or by r operating in a plant constructed 
similarly to a fractionating column, down the 
trays of which acid or water flows in counter- 
current to the ascending burner-gases (Opl). 
The use of these or similar devices has led to 
considerable reduction in the cubic space of 
plant necessary to produce a given output of 
chamber acid, and has enabled the chamber 
process to continue to compete effectively with 
the contact process so far as the manufacture of 
ordinary concentrated (96%) sulphuric acid is 
concerned. 

(ii) Contact Process . — The oxidation of sulphur 
dioxide by oxygen at a platinum surface, 
originally patented by Phillips in 1831, was first 
conducted successfully on a commercial scale 
by Squire and Messel in 1875 ; but the sulphur 
dioxide had to be produced from sulphuric acid 
or specially purified sulphur, because the 
platinum rapidly lost its activity when pyrites 
gases were used. After Knictsch had shown 
(about ) f>l)D) that arsenic and other impurities 
in the sulphur dioxide were the cause of the 
“ poisoning ” of the platinum catalyst, means 
were devised for suitable purification of the pyrites 
gases and several forms of contact sulphuric acid 
plant were thereafter designed. In the Badischo 
process asbestos fibres impregnated with 
platinum nre employed in a series of vertical 
iron tubes at 400°-450°, down which the pre- 
heated mixture of purified sulphur dioxide and 
air is passed. In the Grillo process the catalyst 
is platinum deposited on hydrated magnesium 
sulphate, which (after calcining) is set on a 
number of superimposed horizontal trays in a 
vertical converter ; this is a very compact and 
efficient plant and it is claimed that a ton of 
oleum can be produced daily from about 
1-75 kg. of catalyst containing only about 5 g. 
of platinum. In the Mannheim process, the 
crude gases from the pyrites burners are first 
passed through beds of burnt pyrites (iron oxide) 
at 600°-700°, which serves not only to remove 
arsenical, etc., impurities, but also to effect 
conversion of about half the sulphur dioxide to 
trioxidc ; the latter is removed by scrubbing 
through concentrated sulphuric acid and the 
residual, purified gases are passed through a 
platinum catalyst converter to effect the 
oxidation of the rest of the sulphur dioxide. 
About 1028 the use of vanadium pentoxide 
(which had been found an efficient catalyst for 
the controlled oxidation of naphthalene and 
other hydrocarbons by means of air, cj. below) 
in place of platinum was proposed, and at the 
present time a number of contact sulphuric acid 
plants of this kind are being successfully' 
operated. The vanadium oxide is frequently 
prepared in the form of an artificial zeolite (in 
which it has replaced the soda of the original 
zeolite). The process is worked at 450°-500' J 
and it is claimed that, whilst giving a conversion 
equal to that obtained with platinum, vanadium 
oxide is not only cheaper than the latter but is 
also less sensitive to the toxic action of 
impurities. 

Ammonia. — Haber and his students showed 
that the nitrogen-hydrogen equilibrium data 
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indicate that direct union of these gases (to 
ammonia) is feasible at 4 00° -500° and pressures 
of 100 atms. upwards, providing that attain- 
ment of the equilibrium can be suitably ac- 
celerated j they also found a number of metallic 
catalysts which bring about rapid establishment 
of the equilibrium. The process was studied 
intensively by the Badiscbe Co. with the aim 
of large scale synthesis of ammonia and in 1913 
tho first plant came into operation at Oppau 
with an output of 130,000 tons of fired nitrogen 
per annum. The German plants operate the 
Haber-Bosch process in which nitrogen and 
hydrogen in the correct proportions (made 
catalytically from water gas and producer-gas 
w itb steam, ef. Hydrogen below) are circulated 
over reduced iron oxide (containing a small 
proportion of caustic soda or potash) at 550°- 
600° and 200 atms pressure. About 8% of the 
gases are converted to ammonia at each passage 
over tho catalyst. During and since the war of 
1914-1918 the production of synthetic ammonia 
has been undertaken on a very large Beale in 
many countries. In England the factory of 
Imperial Chemical Industries at Billingham-on- 
Tccs is the centre of production; a modified 
form of the Haber-Bosch process is employed, 
tho working pressure being 250-300 atms 

Most of the plants in other countries also 
operate at 200-300 atms , and the chief differ 
ences are connected with the production of the 
nitrogen hydrogen mixture accor'bng to local 
conditions. Where electricity is very cheap, 
tg.ra Italy, the hydrogen 13 obtamed by elec 
trolysis of water, and it becomes necessary to 
prepare separately the corresponding quantity 
of nitrogen ; in different processes this is 
effected by (i) fractionation of liquid air, (n) utili- 
sation of residual nitrogen from air used in the 
oxidation of some of tho synthetic ammonia to 
nitric acid (rauser), or even (ui) burning a 
mixture of electrolytic hydrogen and air m the 
steam raising plant (Casalc). In the majority 
of cases where coal forms the ultimate source 
of hydrogen, water gas and producer gas are 
mixed and treated with steam by the catalytic 
process wherein carbon monoxide and steam 
yreW hydrogen and carbon dioxide, the propor- 
tions of the two gases being so adjusted that the 
final product (after removal of carbon dioxide 
by solution in water at about 30 atms pressure 
and of carbon monoxide by ammoniacal cuprous 
solutions at 200-230 atms. pressure), contains 
slightly more than 3 vols of hydrogen to 1 of 
nitrogen. Tho use of pressures os high ns 
J.OOO atms. has been advocated (Claude) in 
order to effect much higher conversion of the 
nitrogen-hydrogen mixture at each passage over 
the catalyst and to secure a more compact plant. 

Tho production of sulphate of ammonia is now 
usually effected by double decomposition of 
ammonium carbonate (from the carbon dioxide 
produced in tho manufacture of hydrogen) and 
natural calcium sulphate (anhydrite), instead of 
by- direct neutralisation of ammonia liquor with 
sulphuric acid (see Ammonia). 

Nitric Acid. — T his Is now manufactured 
almost exclusively by the catalytic oxidation 
t'f ammonia with Mr. the nitric oxide first 
Jurmcd(4NH,+ 50 2 ~4NO + 6HjO {211 2kg.- 


cal.) being converted by excess oxygen into 
nitric peroxide, which in presence ‘of water 
yields nitric acid and nitric oxide. The oxida 
tion is effected by passing 1 \ 0 1. of ammonia 
mixed with about 8 vols. of air over a small 
layer of platinum gauze at 700 o -8(>0® j the 
gases must be carefully filtered from metal 
oxide dust before contact with the platinum, 
and the time of contact must be ngidly con 
trolled (0 001 second) to avoid decomposition 
of the nitric oxide into nitrogen and oxygen. 
The process (first suggested byKuhlmann inlS39) 
was not successfully worked on a large scale 
until just before the war of 1914-1918. On a 
technical scale the efficiency of the oxidation 
is nowadays over 93% and the overall efficiency 
(i.e. including the further conversion of nitre 
oxide to nitric acid) neatly 90% of the thee 
retical Certain mixed oxides, especially iron 
oxide mixed with about 3% of bismuth oxide, 
are also effective oxidation catalysts for am- 
monia, and have been used to a certain extent 
in large scale production ; but the platinum 
gauze process appears at present to hold the 
field. 

The catalyst chamber is the smallest unit in 
an ammonia-nitric acid plant, owing to the 
exceedingly rapid and complete production of 
nitric oxide, the conversion of which into rutnc 
acid requires much more space. The gases 
from the catalyst converters are cooled, rowed 
with more air, and passed through scrubbing 
towers in counter-current with water. Tha 
oxidation of mtnc oxide to peroxide is relatively 
slow, compared with that of ammonia to nitric 
oxide ; moreover, one-third of the nitrogen 
peroxide is re converted into mtnc oxide (which 
must again be oxidised) when the former reacts 
with water (3 N 0 2 + H z O =2H N O s + NO). The 
process is usually controlled so that a 50% 
solution of nitric acid is finally obtained, whilst 
the final portions of the nitrogen peroxide 
(about 5-10% of the whole) are absorbed by 
soda to form sodium nitrate. Tho main nitric 
acid solution is concentrated by vaporising 
through “ denitrating ’’ towers down which a 
constant stream of concentrated sulphuric acid is 
passed 

Removal op Sulphur Compounds from 
Gases. — Tho removal of hydrogen sulpludo or 
gaseous compounds of sulphur and carbon 
(carbon disulphide or oxy sulphide, alkyl thiow 
or sulphides) from commercial gases such as coel- 
gas or hydrogen is largely effected by catalytic 
agents (metals or metallic oxides). When fo>‘* 
gas is mixed with a very small proportion of air 
and passed through iron oxide purifiers hydrojm 
sulphide is converted mto sulphur, 
2H 2 S+0 2 =2S+2H a 0, 
and the process can be pursued until tho 
oxide is sufficiently rich in sulphur to be won-w 
up by the sulphuric acid manufacturer ; y 
this means tho older alternate use of 
for the removal of hydrogen sulphide, follojea 
by aeration, becomes a catalytic process. 
use of the Claus kiln m tho Chance method * 
recovery’ of sulphur from alkali waste-is anotn ^ 
technical application of tho same csta'J' 1 
mt ion. Organic sulphur compounds present i 
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technical gases are completely converted into 
hydrogen sulphide and carbon compounds when 
passed over heated iron oxide or iron at 500°, 
especially if steam be present (e.g. in the manu- 
facture of hydrogen from water-gas, etc., cf. 
below), or even at lower temperatures (Guillet) ; 
they are also broken down into hydrogen sulphide 
by passage over nickel on fireclay at 450° (South 
Metropolitan Gas Co.) or over iron chequer work 
(as in a water-gas plant) at 700°-900°. 

Hydrogen. — In addition to the manufacture 
of hydrogen by electrolysis of water, or by the 
alternate passage of water-gas and steam over 
iron oxide ores heated at about 700°-800°, two 
important catalytic methods have been de- 
veloped to meet the growing demand for pure 
hydrogen. One of these depends on the equili- 
brium C0+H 2 0 CO 2 +H 2 +10 kg.-cal., the 

other on the equilibrium 

CH 4 +H 2 0 ^ CO+3H 2 -48-9 kg.-cal. 

(i) The Water-gas-Steam Reaction. — Water- 
gas, or a mixture of water- and producer-gas, 
is mixed with an excess of steam and passed 
through converters containing (reduced) iron 
oxide at 450°-500°. With efficient keat-inter- 
chango between the exit and inlet gases, the 
heat of reaction s’uffices to maintain the catalyst 
at the required temperature, once the reaction 
has been initiated. The emerging gases contain 
about 2% of carbon monoxide which, after 
removal of the carbon dioxide formed (by 
washing with water after compression to 50 
atms.), is absorbed by scrubbing at higher 
pressures through ammoniacal copper formate 
solution. Hydrogen is largely manufactured by 
this process for high-pressure hydrogenations 
such ns the synthesis of ammonia or methanol 
and the hydrogenation of heavy oils or coal into 
petrol. 

(ii) The Mcthane-Sleaih Reaction. — This is 
catalysed most effectively by nickel ; at low 
temperatures (300°) the equilibrium is largely in 
the direction of formation of methane, but at 
800°-900° it is in the opposite sense, and methane 
and steam can be converted into carbon mon- 
oxide and hydrogen. This has recently been 
utilised in the commercial production of 
hydrogen from waste gases rich in methane and 
ethane (which undergoes a similar change), such 
as natural gas from petroleum deposits, and the 
permanent gases produced during cracking of 
petroleum or during the conversion of coal into 
liquid hydrocarbons. A preheated mixture of 
such gases and steam is passed over a nickel- 
corunditc catalyst at 8G0 D -900 C> , when it is 
converted into carbon monoxide and hydrogen ; 
the gases so produced are cooled to about 500°, 
and then submitted to the “ water-gas-steam 
reaction ” in presence of iron. In this way a 
gas originally' containing about S0% methane 
and 17% ethane is transformed into a mixture 
of about 7S% hydrogen, 20% carbon dioxide, 
and 2% of methane and carbon monoxide, from 
which the carbon dioxide and monoxide are 
separated as already described. This process is 
coming into uso as a main source of the hydrogen 
required for high-pressure hydrogcnation-crack- 
inc of coal, tar oils, or heavy petroleum residues 
into low-boiling hydrocarbons. 


Alcohols and Hydrocarbons from Carbon 
Monoxide. — In addition to its catalytic (iron 
oxide) conversion, with steam, into hydrogen, 
it should be noted that water-gas, alone or 
mixed with steam, is transformed into methane 
and carbon dioxide by passage over nickel at 
suitable temperatures. Next to hydrogen, 
however, the most important product obtained 
from water-gas is methyl alcohol, which results 
when the mixture of carbon monoxide and 
hydrogen is passed at 100-200 atms. pressure 
and about 400° over a mixture of zinc and 
chromium oxides (basic zinc chromite). This 
is now by far the most important source of 
supply of methyl alcohol, the total world- 
production of which from water-gas in 1935 was 
about 75,000 tons. If, instead of zinc-chromium 
oxides, an alkalised iron catalyst is employed, 
tho liquid product, “ synthol,” obtained is a 
mixture of alcohols, ketones and hydrocarbons 
containing from 2 to about 8 carbon atoms per 
molecule. 

Passage of carbon monoxide and methyl 
alcohol over phosphoric acid at about 350° 
and 200 atms. pressure leads to the production 
of acetic acid in technical yields. It seems that 
this process may develop into an active com- 
petitor with the present catalytic methods (i\ 
acetic acid) whereby acetic acid is manufactured 
almost entirely from acetaldehyde, which in 
turn is produced from alcohol or acetylene. 

An important process for catalytic conversion 
of water-gas into motor fuels is that of Fischer 
and Tropsch, namely, passage of carefully- 
purified water-gas over certain mixed catalysts 
(for example, iron oxide or cobalt oxide with 
small amounts of thoria, deposited on kieselguhr) 
at 180°-200° and atmospheric pressure. By- this 
means, with careful precautions in gas-purifi- 
cation and in exact control of temperature, 
about 80% of the carbon monoxide is obtained 
in the form of a mixture of hydrocarbons. Of 
these, the lower-boiling fractions make excellent 
Diesel engine fuel or, blended with benzols or 
other anti-knock fuels, petrol for the ordinary 
internal-combustion engine ; while from the 
higher fractions, which are olefinic in character, 
lubricating oils of high quality can be produced 
by chlorination and subsequent Friedel-Crafts 
condensation with the original oil or with 
aromatic hydrocarbons. This process is making 
great headway in Germany, where plants with 
an annual capacity of about 170,000 tons of 
motor spirit from water-gas are coming into 
operation (1936). A very important asset in 
the Fischcr-Tropseh process is tho practicability 
of converting the higher hydrocarbon products 
into good lubricating oils. In contrast to the 
“ hy-drogenation-cracking ” or degradation pro- 
cesses of complex cyclic hydrocarbons about to 
be described, the production of hydrocarbon 
fuels from water-gas involves the building-up 
of aliphatic hydrocarbon chains, the higher 
members of which can then be further condensed 
into long-chain compounds with good lubricant 
properties. 

Hydrogenation-Cracking of Coal, Tar 
Oils, Heavy Petroleum Residues. — Processes 
are non in operation on a technical scale whereby- 
powdered coal is converted, at high temperatures 
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nnd pre«9urcs, and in presence of solid catalysts, especially, of nickel, copper and cobalt « 
into liquid hydrocarbon products. By con- catalysts for hydrogenation or dehydrogenation 
ducting the pressure-hydrogenation in two of organic compounds in the vapour state 
stages, the coal has been transformed into a Thus, for instance, hydrogen has been foond 
light oil [petrol), suitable for the ordinary internal available for many operations of redaction &nd 
combustion engine, in yields sufficiently high of hydrogenation when med along withvanous 
{165 gallons of petrol per ton of coal used in the catalysts. In the former class of reactions 
process and for heat, power, etc ) for the cost nickel is m general very effective, but ns it « 
of the product to bear comparison with that of sensitive to “poisons,” particularly sulphur 
motor spirit from petroleum. In the first (liquid compounds and carbon monoxide, care must be 
phase) stage, a suspension of finely powdered taken that both the hydrogen and the substance 
coal is made into a paste vrifh “ heavy oil ” to be attackcil are freed from such impurities 
already produced m the process, mixed with a Palladium and platinum, especially when in 
small proportion of a catalytic material (certain the colloidal state, are also active catalysts 
compounds of tin are stated to be most active) of such reactions. The operations may he 
and injected with hydrogen at 250 atm. pres- earned out either at the ordinary or at increase! 
sure through converters maintained at about pressure, and either at such temperatures 
400’. The solid coal is thereby converted into that the reacting substances are vaporised 
a mixture consisting mainly of heavy oil with a or at the ordinary temperature with the sub 
certain proportion of light oil and permanent stances in the liquid state or in solution. With 
gas, which is separated by distillation into the nickel as catalyst the addition of hydrogen to 
light and heavy oils and a comparatively small unsaturated compounds, when in the state of 
non \ oh tile residue In the second stage, the vapour, is easily effected. Ethylene, for 
heavy oil is subjected to a “hvdrogenation example, is readily converted into ethane at 
cracking” process in the vapour phase by I40°-170°, and the preparation of bexahydro- 
passage, with hydrogen, at about 200-250 atm derivatives of benzene and other aromatic 
and 450® over a pelleted catalyst comjvosed of compounds is earned out with little difficulty, 
moly bdtc acid to which sulphur has been added ; A most useful application of the process of 
here the heavy oil is more or less completely hydrogenation was initiated when Normann 
converted into light hydrocarbon spirit with a demonstrated in 1902 that Sabatier’s methods 
certain amount of gaseous products (chiefly could equally’ well be applied to organic com- 
methane). The products from the second stage pounds in the liquid state, and showed that 
are separated by distillation, and residual heavy liquid fats (fatty oils) could be converted into 
oil re cycled. The gaseous products from both solid fats melting over the range 25’ to about 
stages ate collected to ecrv e as material for 70° (the latter being the melting point of a 
further production of hydrogen as described completely saturated fat). This “ fat harden- 
above. mg ” process depends essentially upon the con- 

The high pressure “hydrogenation cracking” version of polycthenoid glycerides into oleo- 
in presence of molybdenum oxide catalyst is glycerides and, finally, into stearo glycendes 
»No applied directly m the production of motor It came into technical operation about 1910, 
spirit from the higher boiling coal-tar or creosote and forms by far the largest application of catalj- 
oils, produced either in the high or low tempera- tic hydrogenation of organic compounds in the 
ture carbonisation of coal, and from the residues liquid condition ; many hundreds of thousand* 
from the distillation of crude or cracked crude of tons of liquid fats, auch as whale oil, cotton- 
petroleum. Hydrogenation cracking is a very seed oil, and others, are now converted annually 
important instance of modem industrial catalytic into semi solid or solid fats suitable for mcor- 
processes, since it has provided additional poration in edible fats (butter substitutes or 
sources of motor spirit and has also afforded a cooking fats) and for use in the manufacture 
means of profitable use of the awkward by- of soap. Before dealing further with the subject 
products from the distillation of coal tars and of fat-hydrogenation, individual mention may 
of crude petroleum, ns well as affording a new be made of other examples of hydrogenation 
outlet for coal itself. The procesz is also applied which have become of sorao tech meal import- 
to the hydrogenation and desulphurization of ance : the hydrogenation of naphthalene and 
lubricating oiLs and naphthas, the refining of of phenols m the liquid state tinder prepares 
burning oils, and the conversion of gas oils into of hydrogen from 5 to 50 atm. by means c 
anti knock petrol. nickel at about 180°, furnishing respective 

H\ drocevatiov . — Many of the technical tetra and deea hydronaphthalenes (solvents), an 
catalytic methods referred to in the preceding cyclohezanols or cyclohexanones (solvents an 
paragraphs concern hydrogenation processes also employed in Boaps) ; the conversion *> 
(e.j. the production of ammonia, methyl alcohol, crotonaldehy de into butyl alcohol, of a . ccl0 "* 
motor spirit), but there remain a number of into isopropyl alcohol, and of acctaldenyue in 
cases of straightforward addition of hydrogen ethyl alcohol, by hydrogen in presence of nic 
to nn«aturnted organic compounds, or reduction at 140°; the production of certain ayntw* 
of oxygenated organic compounds, to winch jverfumes, notably menthol from thy mol 
reference should he made. These, and in- piperitone, and eilrontllol from utral orgerim 1 
directly all the more recent technical appb- (nickel at 140®-180°). j 

cations of catalytic hydrogenation and dehydro- Fal-hydrogtnatton. — This is usually c* 

genation, nro ultimately largely the result of out at about 180°, with hydrogen cit e 
the pioneer work of Sabatier, Senderens and, atmospheric pressure or at pre«urcs 
Mailhc in the years 1897—1910 on the action, exceeding 5 atm. (usually about 2 atm.)- 
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fat-hardening the hydrogen is usually made by 
the intermittent- steam-iron process, when it 
contains only traces of carbon monoxide ; 
electrolytic hydrogen is also frequently em- 
ployed. The fatty oils may be refined by alkali 
neutralisation followed by blenching with adsor- 
bent earth, and should be as free as possible 
from oxidised oils or other material toxic to the 
catalyst. The 'oils are mixed with u small 
proportion of catalyst (OT-1% of nickel on the 
_ fat) and then either agitated vigorously in a 
closed vessel whilst a current of hydrogen is 
continuously passed through the liquid, or 
sometimes the mixture of fat and catalyst is 
sprayed into closed vessels filled with hydrogen. 
With fats of good quality the desired hardening 
is usually attained in the course of 2-3 hours. 
After removal from the hydrogenated fat by 
filtration, the catalyst can be re-used several 
times on fresh batches of oil before its activity 
becomes too much reduced by accumulation of 
catalyst poisons, etc. Nickel-kieselgulir catalysts 
are very widely used ; nickel carbonate is 
precipitated upon kieselguhr, the product is 
thoroughly washed, dried, and then reduced in 
hydrogen at 300°-500° and stored either in an 
inert atmosphere or under the fatty oil itself. 
Alternatively, nickel formate is reduced under 
the oil at 240° ; this temperature is higher 
than is desirable in the hydrogenation of the 
fat and, therefore, a quantity of the formate is 
reduced in a portion of the oil, and the product 
cooled to about 170° and diluted with more of 
the fat prior to its hydrogenation at the latter 
temperature. When nickel prepared from the 
formato is employed (as in a number of fat- 
liardcning plants recently installed), it is subse- 
quently removed by filtration through a bed of 
kieselguhr, or kieselguhr may also be added to 
tho fat initially. In the absence of kieselguhr 
it is difficult effectively to remove the colloidal 
nickel suspension from the oil. 

An alternative and continuous process of fat- 
hydrogenation is that in which the liquid trickles 
downwards over a mass of activated nickel 
turnings in an atmosphere of hydrogen. The 
catalyst is, in this case, stationary ; it is made 
active in tho first instance by anodic oxidation 
of tho nickel turnings, followed by reduction of 
the superficially deposited layer of nickel oxide. 
When the activity of the catalyst declines, it 
can be regenerated by further anodic oxidation 
and subsequent reduction. The continuous pro- 
cess is also applied to the vapour or liquid 
hydrogenation of naphthalene, phenols, pyridine, 
and acetone. 

Fatly Alcohols from Fats. — When fats arc 
agitated with hydrogen as described above, but 
at high pressures (5-100 atm.), at 250°-300°, 
and in presence of a reduced basic copper 
chromate (“ copper-chromite ”) catalyst instead 
of nickel, the acidic groups are almost quantita- 
tively reduced to alcohols : 

RCOOH ► RCH„OH 

Tin’s method is now adopted on a large scale for 
the manufacture of higher fatty alcohols from 
selected natural fats. The alcohols in question, 
especially dodecyl, hexadecyl (cetyl), and oleyl 
alcohols, yield sulphuric acid mono-esters, the 


alkali salts of which have very useful detergent, 
emulsifying, dispersing and/or wetting-out 
properties ; many higher alkyl sodium sul- 
phates are now available and find use in the 
textile industries and as components of shaving 
creams, shampoos, and other toilet and household 
detergents. 

Oxidation. — -Many processes of oxidation in 
organic compounds are also induced, accelerated, 
or retarded by catalysts. An example of the 
latter, negative type of catalysis is tho addition 
of small proportions of “ antioxidants ” to fats, 
rubber, and some other materials in order to 
delay the onset of atmospheric oxidation. 

In the manufacture of aldehydes or ketones 
from alcohols, processes of oxidation or dehydro- 
genation may be employed singly, or in combina- 
tion. Thus, formaldehyde is usually produced by 
controlled oxidation of a mixture of methyl 
alcohol vapour and air submitted to a short 
contact with heated copper or silver gauze ; but 
it has been stated that, by using less air than in 
the usual process, the yield of formaldehyde can 
be notably increased, part being formed by 
oxidation, the remainder by dehydrogenation 
(CH 3 OH CH 2 0-fH 2 ). Since the latter 
action requires heat, whilst the oxidation is a 
strongly exothermal action, the process becomes 
more efficient if both processes can go on con- 
currently. In the conversion of ethyl alcohol 
into acetaldehyde the conditions are to some 
extent reversed : direct oxidation cannot be 
efficiently carried out, but passage of alcohol 
vapour over catalytic copper at 300° results in 
about 25% conversion of alcohol into hydrogen 
and acetaldehyde in almost theoretical yield. 
This process has been used for the technical 
production of acetaldehyde, which is now a most 
important intermediate stage in the manu- 
facture of many aliphatic solvents ( v . acetalde- 
hyde) ; but it has subsequently been found that 
the addition of sufficient air to oxidise about 35% 
of the alcohol, and passage of the mixed gases 
over a short layer of copper or silver catalyst at 
450°, results in about 85% conversion of the 
alcohol to acetaldehyde. In this form the manu- 
facture of aldehyde from alcohol is now carried 
out on a large scale in this country and else- 
where. Cyclic alcohols, such ns cyc/ohcxanol or 
borneol, are readily dehydrogenated by copper 
at 300°, to give the corresponding ketones. 

Acetaldehyde itself is readily oxidised to 
acetic acid by the action of a current of air and 
in presence of dissolved manganese acetate, 
which catalyses the decomposition of the 
explosive peracetic acid (CH 3 -C0 3 H), which is 
produced by tho initial combination of acetalde- 
hyde and oxygen. Acetic acid is technically 
produced for tho most part by this process (r. 
acetic acid). 

The most notable recent development in 
technical catalytic oxidation of organic com- 
pounds is the oxidation of the latter in the 
vapour state by air in presence of vanadium 
pentoxide as catalyst. The oxide, mounted on 
iron or aluminium pellets, was first used in this 
connection in the partial oxidation of aromatic 
hydrocarbons by air. Since tho desired pro- 
ducts are intermediate in stability between the 
original compounds and the ultimate products 
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of oxidation, the con ditions of technical opera- hydrogen sulphates ha9 been the subject of 
tion (especially temperature control, the actions technical research, both as regards the ethjlcnp 
being strongly exothermic) hat e demanded present in coke oven gas and the lower oltfian 
much skill, but the method has proved ex- present in “ cracked ” petroleum gases. Pro. 
trcmely successful PMhahe anhydride is now cesses for the conversion of the latter into 
aery largely obtained from naphthalene by this propyl, butyl, amyl and hexyl alcohols hare 
method of oxidation, and anthraqumone is also been worked out in America, both by means of 
produced either bv similar direct oxidation of absorption in sulphuric acid and of combination 
anthracene, or indirectly from naphthalene with hydrogen chloride to give the correspondm; 
through phthabc anhydride and o benzoyl- alkyl chlorides, and in both cases it has been 
benzoic acid. Catalytic oxidation of toluene observed that the processes involved can be 
furnishes benzaldehyde and benzoic acid, whilst accelerated in presence of suitable catalysts, 
malic acid (used in flavouring materials as a Tor the catalytic hydration of acetylene to 
substitute for citric or tartanc acids) is obtain acetaldehyde, and for the preparation of organic 
able from benzene as starting material. Ben- solvents from acetaldehyde, alcohol, or acetylene 
zene yields first p quinone and then maleic see Acetylene. 

anhydride when passed with air over vanadium Addition and Substitution of Halocevj 
oxide at about 400° ; the yield of the anhydride — The use of chlorine or other halogen ‘'camera” 
is ov er 50% by weight of the benzene consumed, is one of the oldest instances of catalytic action 
and malic acid results when it is heated under in technical organic chemistry. The employ- 
pressure with water ment of such catalysts has been much extended 

Hydration and Dehydration — Theproduc- m the present day manufacture of many in 
tion and hydrolysis of esters or ester like com organic and organic compounds. (It may be 
pounds are among the most familiar examples added here that the manufacture of chlonne 
of reactions in which catalytic action plays an itself, by the Deacon or Hargreaves Robinson 
important part. Instances of industrial uses of processes, was also an early instance of large- 
Catalysis in hydrolytic actions include the inanu scale practice of catalytic methods , but these 
facture of crystalline glucose and sugar syrup have, of course, fallen into disuso with the 
from potato, maize, or other starch, the advent of electrolytically produced chlorine) 
hydrolysis of fats into free fatty acids and Activated charcoal has prov ed of great service 
gly cerol by the Twitch ell hydrolytic agent or its as a catalyst in the manufacture of several 
later analogues (essentially condensation pro inorganic halogen compounds, especially phot 
ducts of, for example, an aromatic sulphonic gene, COCI 2 , and sulphuryl chloride, SO,Cl t , 
acid with oleic or other fatty acid, the active it has also been used to effect the combination of 
agent thus containing in its molecule a strongly electrolytic hydrogen and chlorine in the 
hy drophilic group and a long hy drocarbon chain manufacture of hydrochloric acid, but in modem 
system), the acid hydrolysis of fats, the practice this is aemcv ed more simply by burning 
action of iron salts m promoting the conver chlonne in an atmosphere of hydrogen Hydro- 
sion of benzyhdene chlondc into benzaldcbyde, bromic acid, on the other hand, has been made 
and bcnzotrichlondc into benzoic acid, when technically by passage of bromine vapour anil 
heated with water or milk of lime ; and the steam over active charcoal at 600°. 
proposed use of concentrated or gaseous hydro Other well-known cases of catalytic addition 
chlonc acid in order to convert waste cellulose or substitution of halogens are the uses of 
matenals into fermentable sugars. anhydrous ferric chloride in the chlorination of 

In the converse process of esterification, the benzene or toluene, of sulphur, phosphorus, or 
use of mineral acid catalysts is familiar in the iodine in the production of monochloroaceticacid, 
manufacture, from the respective alcohols and and of antimony pentaehloride in the production 
acids, of such compounds as ethyl, amyl or from accty lene of tetrachloroethane and thence 
benzyl acetate, methy 1 or ethyl benzoate, methy 1 of trichloroethylene (Westrosol), used as a noa 
and amyl salicylates, ethyl succinate, lactate inflammable solvent and dry cleaning agent, 
or phthahte, etc. Similarly’, the action of Other Catalytic Processes. — Much »ps« 
anhydrous sodium acetate or similar catalyBt would be required if an attempt were made to 
in promoting acetylation is taken advantage of illustrate all the other lands of reactions of 
in the manufacture of products such as acetyl organic compounds which are favourably M 
salicylic acid and many other medicinal and financed by cataly sts, and it must suffice merely 
other compounds, while the production of cellu- to indicate the employment of these agents in 
Jose acetate involves the U3e of appropriate connection with the following operations : the 
catalytic aids to acetylation. preparation of aromatic hydrocarbons, e q of 

Thedehydration ofalcohols to olefines or ethers toluene by the action of methyl chloride on 
is another important application. Ethyl ether benzene m presence of aluminium chloride j 
is manufactured by a continuous process from the preparation of sulphonic acids derived from 
alcohol by* heating the latter with the correct benzene and other hydrocarbons, from pyridine, 
proportion of sulphuric acid at about 130% etc. ; the preparation of derivatives of amines 
while, when required, ethy lene can be produced or of ammo- compound*, particularly of those in 
bv similar means (preferably with syrupy which aromatic radicals are introduced into toe 
phosphoric acid as catalyst), or by passage of amino- group, t g. the production of n ? 
alcohol vapours over alumina at 300°. The anthranilic acid, w hich is easily effected l>y t * 
hydration of olefines to the corresponding addition of a small quantity of copper powder 
alcohols by* absorption in sulphuric acid and a boiling solution of o-chlorobcnzoic arid i 
subsequent hydrolysis of the resulting alkyl aniline; the preparation of certain div 
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compounds and the replacement of the diazo- 
group by the chlorine, bromine, or cyanogen 
radical ; many condensation reactions in which 
small proportions of sodium ethoxide, pyridine, 
piperidine, and other compounds exert catalytic 
action ; the preparation of certain sulphur 
compounds, in which category the important 
methods of vulcanising rubber may be included. 
Moreover, in many cases, intramolecular re- 
arrangements and polymerisations are ac- 
celerated by catalysts. The transformation of 
hydrazobenzene into benzidine under tho in- 
fluence of a strong acid is a familiar example of 
the former class of change, whilst the latter is 
exemplified in the synthesis of various kinds of 
rubber by the polymerisation of butadiene and 
its homologues, which iB promoted by the 
presence of sodium, acetic acid, and other 
catalysts. Another instance of catalytic poly- 
merisation is afforded by recently developed 
processes wherein the olefines (propylene, 
butylenes, butadienes, etc.), present in gases 
from cracked petroleum, are passed under 
pressure over heated phosphoric acid or cad- 
mium phosphate and converted into low- 
boiling liquid hydrocarbons. 

Reference should also be made to many 
electrolytic processes, e.g. the preparation of 
hypochlorites, chlorates, and persulphates, in 
which advantage is taken of the presence of 
small amounts of an appropriate catalyst in the 
electrolyte. 

Fermentation Pkocesses. — Finally, it must 
bo noted that a number of very important 
operations, for example, the manufacture of 
ethyl alcohol, are carried out through the agency 
of that group of catalysts produced by living 
organisms which are known as enzymes. In 
many respects the action of enzymes is similar 
to that of inorganic catalysts, and especially to 
that of colloidal platinum or palladium, but is 
specific in the sense that a definite enzyme is 
required to bring about a particular trans- 
formation. 

Tho ordinary alcoholic fermentation of sugar 
by yeast is profound^- modified when con- 
ducted in presenco of sodium sulphite or car- 
bonato in suitable dilution ; under these con- 
ditions acetaldehyde, which is an intermediate 
stage in the formation of alcohol, is removed 
from the sphere of action, and glycerol, which 
normally is present in only small amounts in 
tho products of fermentation, accumulates 
owing, ultimately, to lack of acetaldehyde to 
servo ns an acceptor for hydrogen. The process 
has been operated successfully, when economic 
considerations permitted, for tho manufacture 
of glycerine from beet-sugar or molasses. 

Certain improvements have been effected in 
the lactic acid and butyric acid fermentations 
of sugar, and in the production of citric acid by 
moulds and of acetic acid (vinegar) from alcohol. 
Tho most striking new procedure in sugar fer- 
mentation is, however, the use of cultures of 
specific bacteria ( Granulobactcr , Clostridium sp.) 
which convert glucose into n -butyl alcohol, 
acetone, hydrogen, and carbon dioxide. This 
process is operated on a very large scale in 
America, primarily for butyl alcohol, which is 
in great demand as a basis for solvents ; acetone 


is at present a useful by-product, and in at least 
one factory the fermentation gases are com- 
pressed and converted into methyl alcohol by 
high-pressure hydrogenation with zinc-chromium 
oxides (v. supra). 

Reference may also be made here to acid 
hydrolysis processes for the conversion of 
celluloses and starches into fermentable sugars, 
to suggested processes for the manufacture of 
acetic and other acidB from celluloso waste, and 
to the established, although not very widely 
worked, method of hydrolysis (splitting) of 
fats by castor-seed lipase. T. P. H. 

CATAPLEIITE. Hydrated silicate and 
zireonate of sodium and calcium, containing 
Zr0 2 30-40%. Tho crystals are yellow and 
have the form of thin hexagonal plates ; sp.gr. 
2-8, H. 6. It occurs with other rare minerals in 
nepheline- syenite on the islands in the Lange- 
sund-fjord in south Norway, and at Narsarsuk 
in Greenland. L. J. S. 

CATECHIN v. Catechu oe Cutch. 

CATECHOL ( Pyrocaleckol , o-Dihydroxy- 
benzenc, 1 :2-Phendiol, C c H 4 (OH) 2 ). First iso- 
lated by von Reinsch in 1839 from the distil- 
lation of catechu, crystallises in colourless 
prismatic needles or tablets, m.p. 105°, b.p. 245°, 
and is readily soluble in water, alcohol, ether, 
benzene, and alkalis ; it sublimes, and is volatile 
in steam. An aqueous solution reduces silver 
nitrate in the cold and Fehling’s solution on 
warming ; with ferric chloride it gives a green 
colour which turns violet on addition of am- 
monia or sodium acetate (Hlasiwetz and Barth, 
Annalen, 1864, 130, 353 ; Wislicenus, ibid. 1896, 
291, 174) whilst Bayer reports that the test is 
more sensitive in the presence of aromatic 
amino-sulphonic acids when a red-brown colour 
develops (Biochcm. Z. 1909, 20, 178). An 
ammoniacal solution of calcium chloride precipi- 
tates the calcium salt, and lead acetate yields 
the lead salt. An alkaline solution becomes 
green, then black on exposure to air. 

Ekkert (Pharm. Zentr. 1926, 67, 566) detects 
catechol by the addition of 0-5 c.c. of an aqueous 
solution to 4 c.c. of concentrated sulphuric acid 
containing 0 02 g. sodium nitroprusside when a 
green upper layer results and on mixing and 
dilution with water tho solution becomes red, 
turning to green with ammonia. An alkaline 
solution of sodium nitroprusside yields an intense 
green colour which changes to bluish-green with 
acetic acid (Pavolini, Boll. Chiin. farm. 1930, 69, 
713, 719) whilst a boiling ammoniacal solution of 
catechol with a small quantity of nitroprusside 
gives a cherry red colour (Sivadjian, J. Pharm. 
Chim. 1931, 13, [8], 529). As little as 0-000012 g. 
of catechol in 1 c.c. of solution may be detected 
by the reduction of o-dinitrobenzene in the 
presence of sodium carbonate to a deep violet 
quinonoid salt (Bose, Amer. Chem. Abstr. 1933, 
27, 5682) ; with phosphomolybdo-tungstic acid 
a red-violet colour is produced which turns to 
blue (Bezssonov, Bull. Soc. Chim. biol. 1922, 
4, 83) and with ammonium molybdate solution 
together with acetic acid a reddish-brown colour 
results, this arising with all o-hydroxy aromatic 
compounds (Quastel, Analyst, 1931, 56, 311). 
Quantities down to 7 X 10 -7 mol. may be detected 
colorimctrically by the reduction of ferric iron 
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in an alkaline medium in the presence of sucrose 
(Schmalfuss, Spitzer, and Brandes, Biocbem. Z. 
1927, 1 89, 226), w hdst Blazso (Chem.Zentr. 1933, 
1, 952} describes the microde termination of 
catechol by its oxidation with OOlA'-alkalme 
ferrocyanide, excess of which is reduced with 
potassium iodide in the presence of acetic acid 
and zinc sulphate ; the reaction is not stoi- 
chcmetnc and conditions must be standardised. 
Catechol may be estimated even in the presence 
of hydroqumol, resorcinol, or phenol by precipi- 
tation as the lead salt (Degener, J. pr. Chem. 
1879, [ii] 20, 320 , Bock and Lock, Monatsh. 
1929, 53-54, 889) For its detection in the 
presence of resorcinol and other compounds, 
see Jones, Prahl, and Taj lor (Ind. Eng. Chem. 
{Anal], 1932, 4, SI), and Rossi (Amer. Chem. 
Abstr. 1924, 18, 2293) 

Catechol occurs widely in plants and vege- 
tables, sometimes free as in onion scales (Link 
and AValker, J. Biol- Chem 1933, 100, 379) but 
more often in combination as tannins It is 
found in many coals, in cellulose waste liquors 
(Swedish Pat. 62831 and 54200), in gasworks 
liquor (Key and Etheridges and Eastwood, 
Gas J. 1933, 204, 506, 882, 1934, 203, 354; 
G.P. 532178; USP. 1821815), in wood tar 
(Ugriumiov, 1035, A, 1028), and in the tar 
water of bituminous shale, G P 68944) As the 
sulphate it is found in the nnne of man and 
herbivorous animals (Muller, Ber 1874, 7, 1526 
Schmiedebcrg, Z. phjsiol Chem 1832, 6, 189). 

It u formed m the dry distillation of many 
tannins and their derivatives, and may be 
obtained by the destructive distillation of leather 
scrap (Michelman, Ind Eng Chem. 1925, 27, 
247 ; Meier, Amer Chem. Abstr. 1929, 23, 
2319), while many other natural products such 
as paper and sugar j leld smaller amounts. 

Catechol may be prepared from guaiacol in 
almost theoretical yield by treatment with 
fuming hydnodic acid (Perkin, Proc Chem. 
Soc. 1890, 90) or in 70% yield by heating to 
210'’ with aluminium chloride (Hartmann and 
Gattermann, Ber. 1892, 25, 3532). o Bromo- 
or o chlorophenol when fused with alkali gives 
catechol (G.P. 84828), but the yields are poor 
tfwing" ta rte itsstslnittj wrtiV fie sprung ai'iau 
A continuous process with good yield is claimed 
in B.P. 425230 and 432276, o dichlorobenzene 
being heated (at 250°-300° in an autoclave) 
with aqueous bartja or strontia together with a 
copper catalyst and a reducing agent sufficient 
to destroy any oxjgen present. Not more than 
50% catechol can be obtained from the fusion 
of phcnol-2-4 disulphomc acid (" a phenoldi- 
sulphonic acid ”) with caustic alkali at 280°-300° 
In an autoclave (B.P. 21853 ; G.P. 80817) ; 
catechol monosulphonie acid is formed and is 
hydrolj sed by heating with 50% sulphuric acid 
to lBO°-220° under pressure. A similar process 
is claimed by Tobias (G.P. 81210), who obtained 
catecholdiaulphonie acid from alkali fusion of 
phenoltrisulphonic acid and then hydrolysed the 
former to catechol. Other similar but less direct 
methods arc described by Heyden and lidhle 
(C.P. G9I1C and G0G37), Mannet (G P. 97099), 
Messel (G.P. 68944) and Cross, Bevan and 
Heiberg (Ber. 1900, 33. 2018). The direct 
oxidation of phenol by sodium peroxide to gi\ e 


25% catechol is detailed by Magidson, 
Posorovskaja, and Sebgsohn (1928, A, 516) 

The most satisfactory commercial preparation 
is provided by the action of alkalis on o-chW 
or o-bromo-benzene (e. supra, and G.P. 269544 
and 249939), yields up to 90% being claimed 
The oxidation of sahcjlaldehyde provides s 
convenient laboratory method of preparation, 
an alkaline solution being treated with 3V 
hydrogen peroxide (Dakin, Amer. Chem. J 
1909, 42, 477 ; and Organic Syntheses, III, 27). 
A yield of about 70% is thus obtained. 

The heat of combustion of catechol at constant 
pressure is 684 9 kg -cal. per g.-mol (Barker, 3 
phys. Chem. 1925, 29, 1345). Weissenbergcr, 
Henke, and Bregmann (Monatsh. 1926, 46, 471) 
giro vapour pressures, surface tensions, and 
viscosities of solutions in alcohol, ether, and 
acetone. The specific heat has been measured 
by Andrews (J. Amer. Chem. fioc. 1926, 46, 
1287), who armed at the formula: 

Cp=l 3+01074T 

From the experiments of Bourion and Tattle 
(Compt. rend. 1928, 186, 1124) it is concluded 
that an equilibrium between single and tnple 
molecules exists in solution, the heat of associs 
tion being —2,400 g -cal. per g. Sarkar (Phi 
Mag. 1926, 2, [7], 1153) describes X-ray powder 
photographs of catechol from which the space 
grouping is obtained. 

Hagemann (Z. angew. Chem. 1929, 42, 355; 
1931, 44, 226) claims up to 56% yield of 
butadiene on pyrolysing catechol in a hot tube 
in the presence of nitrogen. 

Reduction of catechol to a mixture of 75% 
phenol, 10% benzene, aDd 15% resin by hydro- 
gen and an alumina copper oxide catalyst is de 
scribed by Ipatievand Orlov (Ber. 1927, 60, [B]. 
1963), while Paekendorff(Ber. 1935.68, [B], 1251) 
obtained ryc/ohexane and cyefoheianol with 
hydrogen and a platinum oxide catalyst ui 
ethyl acetate at room temperature. 

Catechol, like other o hydroxy compounds, 
readily forms complexes with acetone (Baker, 

J. CS. 1934, 1678 ; Bocseken and Slooff, Proc. 

K. Akad. Wetensch. Amsterdam, 1934,37,554) 
It readily com dines wifi done, usraii', 

acids and acidic salts to give compounds yielding 
senes of salts with metals, many of which *r* 
used in chemotherapy and as bactenctdes. Thu' 
Weinland and Maier (Z. anorg. Chem. 1926, 150 

217) discuss the structure of the banum sun 
calcium catechol stannates obtained by the 
addition of the metal acetates to catechol and 
stannic chloride in water. With arsenic acid 
in boding water catechol yields t ri catechols rsenic 
acids, a stable solid yielding .stable salts with 
metallic oxides or hydroxides (Weinland and 

Heinzler, Ber. 1919, 52, [B], 1321 ; G P.5577.6) i 
their constitutions arc discussed by Roscnbeun 
and Plato (Ber. 1925, 58, [BJ, 2000) and Reildco. 
Sapper and Kail (Z. anorg. Chem. 1925, 1H> 

218) . Catechol also yields complexes wi« 
moljbdic acid (Weinland and Gaisser, i"il. 
1919, 108, 238), with antimony trioxide and 
alkali (G.P. 606131), with alkaline earth 
(beholder and Wolf, ibid. 1933, 210. 
Scholder and Schlct2, i bid. 1933, 211. I® « 

ith iron salts (Weinland and Binder, Ber. 
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45, 152, 1118), with cobalt salts (Weinland and 
Dottinger, Z. anorg. Chem. 1918, 102, 234), 
and with organic acid salts (Weinland and 
Denzel, Ber. 1914, 47, 2247, 2993). For an 
extensive discussion of the chemical properties 
and colours of the complexes with iron, cobalt 
and nickel, sec Iteihlen (Z. anorg. Chem. 1922, 
123, 173). Spacu and Kuras (J. pr. Chem. 1934, 
[ii.] 141, 201) suggest formula! for metallic 
pyridine complexes. 

Catechol is used in photography, forming 
a very efficient developer in the presence of an 
accelerator such as sodium sulphite or sodium 
phosphate (Eder, J.S.C.I. 1890, 9, 102 ; Brit. 
Phot. 1900, 47, 076). Full details for its use 
and formula: for different stock solutions are 
given by McClintash (Brit. J. Phot. 1923, 70, 
023). A large number of valuable derivatives 
are also obtained from catechol. 

Its bactericidal action is compared with that 
of phenol and of many other compounds by 
Sabalitschka and Tietz (Arch. Pharm. 1931, 
269, 545). Tho pharmacology and physiological 
action aro treated by Tainter (J. Pharmacol. 
1930, 40, 43), Mulinos and Osborne (Proc. Soc. 
Exp. Biol. Med. 1935, 32, 1344), Barrenscheen 
and Danzer (Z. physiol. Chem. 1933, 220, 57), 
and by Hefftner in EUenger’s “ Handbuch der 
oxperimentalen Pliarmakologie,” Band I, p. 941, 
Berlin, 1923. A detailed pharmacology of cate- 
chol phosphate is given by Smith, Engel, and 
Stohlmann (Amer. Chem. Abstr. 1933, 27, 3253). 

Catechol yields an orange-yellow picrate, 
m.p. 122° (Baril and Hauber, J. Amer. Chem. 
Soc. 1931, 53, 1087) and a di-m-nitrabenzoate, 
m.p. 144° (Mcijer, Bee. trav. chini. 1934, 53, 
387). It may be rapidly and quantitatively 
acctylated by adding acetic anhydride to a 
solution in aqueous caustic alkali (Chattaway, 
J.C.S. 1931, 2495). Methylation can bo effected 
by the usual methods and Tanaka, Ishimasa, and 
Koyama (Amer. Chem. Abstr. 1920, 20, 2070) 
compare the efficiencies and relative amounts of 
guaiacol and veratrol produced in the various 
methods. 


The properties of many catechol monoelhers are 
given by Klarmann, Gates, and Shternov 
(J. Amer. Chem. Soe. 1932, 54, 1204), who also 
compare their bactericidal powers. 

Methylene, catechol ether (1), a colourless liquid, 
b.p. 172°-173°,is prepared by heating for 20 hours 



catechol and methylene-chloride with sodium 
ethoxide at 120°. " Ethylene catechol ether, (II.) 
b.p. 212°-214°, is prepared by 7-8 hours’ heating 
at 190°-200° of a mixture of catechol, ethylene 
bromide, copper powder, and glycerol (Ghosh, 
J.C.S. 1915, 107, 1597). 

These and other cyclic ethers (e.g. vinyl, 
methyl vinyl ethers, etc.) yield bromo-, cldoro-, 
etc., derivatives by suitable treatment (Ghosh, 
ibid. ; Orr, Robinson and Williams, J.C.S. 1917, 
111, 949 ; Moureu, Compt. rend. 1898, 126, 1426). 

Catechol hydrogen carbonate, 

C G H 4 (0H)0C0 2 H,iH 2 0, 

m.p. 240°, is produced when ammonium car- 
bonate is heated with catechol at 130°-140° 
under pressure or when catechol is heated at 
180°-210° with glycerol and potassium bicar- 
bonate in carbon dioxide (Praxmarer, Monatsh. 
1906, 27, 1199.) Esters of this acid and com- 
pounds formed by it with bases are used in 
medicine (Einhorn, G.P. 92535). 

Catechol carbonate, m.p. 118°~120°, may be 
prepared by treatment of catechol with diphenyl 
carbonate at 250° (Bischoff and von Heden- 
strom, Ber. 1902, 35, 3435) or by the interaction 
of phosgene and catechol in alkaline solution 
(Einhorn and Lindenberg, Annalcn, 1898, 300, 
141 ; G.P. 72806). It may be nitrated by fum- 
ing nitric acid to 4-nitrocatechol carbonate, and 
this compound then furnishes a source of the 
d-nilrocatechol (G.P. 264012; v. infra). 

Catechol monoacctic acid, 


Ethers and Esters. 

Monoethyl catechol ether is guaiacol. 

Dimethyl catechol ether is veratrol. 

Diethyl catechol ether, m.p. 43°— 15°, is obtained 
by the action of ethyl iodide and alcoholic 
KOH on catechol (Hcrzig and Zcisel, Monatsh. 
1889, 10, 152). 

Monophenyl catechol ether, m.p. 107°, is 
volatile in steam and may be prepared by boiling 
a benzene solution of 2-methoxydiphenyl- 
catechol ether with aluminium chloride (Ull- 
mann and Stein, Ber. 1900, 39, 023) or by the 
interaction of benzene diazonium chloride with 
catechol (Norris, Macintire and Corse, J. Amer. 
Chem. Soo. 1907, 29, 127). 

Phcnylmclhyl catechol ether, m.p. 77°, results 
when the potassium compound of guaiacol is 
heated in guaiacol with chlorobenzene at about 
220° (G.P. 269543). 

Diphenyl catechol ether, m.p. 93°, is described 
by Ullmann and Spoilage! (Annalcn, 190G, 350, 
90), who obtained it by the notion of potassium 
and copjKw powder on o-dibromobenzene and 
phenol at 220°-250°. 


C G H 4 (0H)0CH 2 C0 2 H 

m.p. 131°, is obtained by the action of mono- 
ciiloracetie acid on catechol in alkaline solution 
(G.P. 87330, 87008, 89593). It may be purified 
by conversion on beating to 120° to its anhydride, 
m.p. 50°. Salts and derivatives are used 
therapeutically (Boruttau, Chem. Zentr. 1919 
III, 832). 

Bischoff and Frohlich (Bor. 1907, 40, 2780) 
describe catechol diacetic acid. 

Catechol diacelate, needles, m.p. G3-5°, is easily 
obtained from catechol and acetyl chloride at 
room temperature (Nachbaur, Annalen, 1858, 
107, 240 ; Sudborough and James, J.C.S. 1905 
87, 1750). 

Catechol acetate methyl ether, guaiacyl acetate, 
“Eucol," b.p. 239°-241°, is prepared from guaiacol 
and acetic anhydride with a very little sulphuric 
acid (Biscaro, Chem. Zentr. 1907, I, 745). 

Alkyl Derivatives. 

Alkyl catechols may be readily prepared by 
condensation of catechol with acid chlorides o’r 
with acids in the presence of a condensing agent, 
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Fnes3 rearrangement of the ester so formed and 
subsequent Clemmensen reduction of the acyl, 
catechol. Itosenmund and Lohfert (Ber. 1928, 
61, [BJ, 2601) find that di-esters of catechol re- 
arrange m hot nitrobenzene containing alumin- 
ium chloride, one acyl group migrating chiefly 
to the 4-position and the other splitting off. 
The best yields arc obtained m general by heat- 
ing the di-ester and aluminium chlonde for 2 
hours at 75" together with I mol. of catechol ; 
in this way an 88 0% yield of 4 aeetoeaiechol or a 
70 0% yield of 4-butyrocatechol was obtained 
IIP. 317194 claims the preparation of acyl 
derivatives of monoallyl catechols, used a3 
therapeutic agents, by the condensation of an 
ntipliatic acid chlonde with a monoalhyl ether 
of catechol in the presence of 2 mols. of alumin- 
ium chloride; the acyl group takes up the p- 
jiosition to the — OH and the ketone may be 
reduced by the Clemmensen method. 

4 Caproylcatechol (yield 02%, m.p. 93°-94 <> ) 
and 4 -hexoylcatechol (yield 50%, m.p. 25°-26°) are 
obtained from catechol, and 10% excess of the 
acid chloride followed by the same rearrange- 
ment (Stoughton, Baltzly, and Bass, J. Amer, 
Chem Soc. 193 i, 56, 2007). The condensation of 
octoic acid with catechol in the presence of zinc 
chloride at 125°-135°, and subsequent Clemmen- 
sen reduction to fl ethylhexylcatecnol is described 
in U S P. 1974821 , germicidal and therapeutic 
properties are claimed for the product. 

Catechol ethers readily undergo rearrangement 
to alkyl catechols. Thus Perkm and Trikojus 
(J C.S 1927, 1663) prepared 4 allylcatechol 
(m p. 4S°), identical with the “ allylcatechol ’’ 
isolated from Java betel leaf oil, together with 
3-allylcatechol (m p. 28°) by the rearrangement 
of the monoallyl ether of catechol at 170°-180'‘. 
Kawai (Amer. Chem. Abstr. 1926, 20, 1798) 
and Hurd, Greengard and Filgnm (J. Amer. 
Chem. Soc. 1930, 52, 1700) describe the same 
reactions and the latter showed that diallyl 
ether of catechol yields 3.6 diallylcatechol on re- 
arrangement. 

Rohm and Haas Co. (U.S P. 200S032, 2008095) 
treat catechol with diiaobulytene and sulphuric 
acid or aluminium chlonde to give products of 
high bactencidal properties The material, 
m p about 110°, is suggested as a germicide or as 
rau material in dye and allied industries. 

Alky I catechols may also l>e prepared by 
hydrolysis of chloroalLyl catechols. 4-Phenyl- 
catechol is made from 4 phenyl 2-chIorophenol 
by heating with an aqueous solution of alkali 
metal hydroxide or carbonate to above 200° 
(U.S.P. 1932733). 

4 -Butyl- and 4-amyl catechol, prepared by 
hydrolysis of 2-halogeno-4 alkyl catechols in the 
presence of cuprous oxide, are suggested as 
stabilisers for insecticidal compounds, as anti- 
oxidants for fats, soaps, etc, and to prevent 
gum formation in petrol fuels (U.S.P. 1912827). 

Allyl-, acyl-, and aryl catechols have been 
w idely used as therapeutic antiparaaitic agents, 
germicides, and in other ways. Lamson, Brown, 
and Ward (J. Pharm. Exp. Ther. 1933, 53, 198) 
conclude that 4 herylcalechol is the only poly- 
hydroxy-benzene homologue to exert marked 
ascancidal properties, but many claims for other 
similar catechols occur in the patent literature. 


Nitro Derivatiyfs. 

3 Nitrocatechol, m.p. 86 5°, may be obtains} 
by the direct nitration of catechol in ether 
fuming nitric acid (Weselshy and Bonedikt, 
Monatsh. 1832, 3, 386) when it is most easifr 
separated from the 4-nitrocatechol also formed 
by extraction with petrol in which the 3 nitro- 
catechol is the more soluble (Verraeulen, Roc 
trav. chim. 1906, 25, 23 ; Toglesong and 
Newell, J. Amer, Chem. Soc. 1930, 52, 834); 
wi mtro- and m-anuno phenol on oxidation also 
yield 3 mtrocatechol (Bamberger and Czerku, 
J. pr. Chem. 1903, [u], 68, 477). 

4-Nitrocatechol, m p. 175°, obtained together 
with the 3 nitro compound as above, is abo 
prepared by the oxidation of wi-nitropheno) 
with potassium persulphate in alkaline solution 
(G P. 81298) Cardwell and Robinson (JCS 
107, 258) prepared 4 -mtro cat echo! byhydrolysing 
4 mtrocatechol 2 methyl ether withhydrobromic 
acid It is also obtained by nitrating catechol 
carbonate (i? supra) w ith fuming nitric acid ami 
heating the product with w atcr (G P. 264012) 
van Erp (Ber 1D3J, 64, [BJ, 2813) describes tic 
hydrolysis of 2-chloro 4 mtrophenolwith aqueous 
potash togivc4 mtrocatechol; caustic soda is not 
satisfactory. 

3 5-DinUrocatechol, m p 164®, is formed when 
catechol diacetate is nitrated with concentrated 
acid and the product hydrolysed with coldsul 
phunc acid (Nietzki and Moll, Ber. 1 80 J, 26, 
2183). 

Sulphomc Acids. 

Catechol sulphomc acid is best prepared l>) 
hydrolysis of a m -halogen phenol sulphomc acid 
by caustic soda at temperatures above 200" 
(infer al., G.P. 9623 ; B P. 14931). 

Catechol 3 5 dtsulphomc acid 13 obtained by 
direct sulphonation of catechol with fuming 
sulphuric acid (Cousin, Conipt. rend. 1693. 
117, 113) or by fusing phenol trisulphonic acid 
or its salts with alkalis. 

Both the sulphomc and disulphonic acids find 
much use either alone or as salts or complexes M 
chemotherapy especially as \ crmifuges Sehimdt 
(Chem. Zentr. 1934, i, 3878) details the use of 
tho sodium salt of catechol 3 5 disulphonic acid 
(I) in the preparation of complexes for medical 
use. FuacUn, Sb'" — his — (I)'7H t O, and Sa 
tadin, Ca— (I) 4H 2 0, are compared with tartar 
emetic for pharmacological and therapeutic 
uso (sec also J. Amer. Med. Assoc. 1933, 100 
1635). Tho preparation of these and other 
complexes are covered in U.S.P. 879333, 18S93SJ, 
1718492. Erhardt and Brurnpt (Amer. Chem 
Abstr. 1933, 27, 3003) show that cat liver flukes 
are not killed by fuadin and other antimony 
compounds. Arsenic, mercury and manganese 
complexes are particularly active in causing 
increased excretion of eggs hut are less active 
than the antimony compounds and do not *i 
the worms. 

Halooes Derivatives. 

4 Chlorocalechol, m.p. 80°-81°, is obtained hy 
the action of sulphury! chloride on catechol 
ether ; some 3 chlorocalechol is also form 
(l’aru toner, Gazzctta, 1898, 28, I, 222). uv 
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modifications, m.p. 90°-91° and 59°-Gl°, have 
been isolated. 

4-.5-Dichlorocatecho!, m.p. 116 0 -1I7°, is formed 
if excess sulphury! chloride is used in the above 
reaction or if 4-chlorocatechol is treated with 
sulphuryl chloride (Paratoner, l.c.). 

Z-A-.o-Tricldorocatechol, m.p. about 106°-109°, 
is obtained by the action of chlorine on 4:5-di- 
chlorocatechol in acetic acid (Willstatter and 
Muller, Ber. 1911, 44, 2185). 

i:o-Diclilorocatechol, m.p. 83°-84°, results from 
the oxidation of 3:5-dichIorosalicylaldehyde with 
alkaline hydrogen peroxide (Dakin, J. Amer. 
Chem. Soc. 1909, 42, 488). 

For the preparation of 4-bromo - and 3:5- 
dibromocalechol, see Dakin (l.c.). 

AA-.o-Tribromocatcchol is obtained in good yield 
by the direct bromination of catechol in chloro- 
form (G.P. 207544, 215337) whereas iclra- 
bromocalechol results from the action of excess 
bromine on 0-bromopiperonal for 3 hours at 
100° in the presence of 1% of aluminium bromide 
(Raiford and Oberst, J. Amor. Chem. Soc. 1933, 
55, 4288). 

The preparation of 4-iodocatechol from 4- 
aminocnteeholdineetate is detailed by Fourneau 
und Druey (Compt. rend. 1934, 199, 870). 

Catecholphthalein is prepared by heating 3 
parts phthalic anhydride with 2 parts of catechol 
and 3 parts zinc chloride to 140°-150° for 3-4 
hours. It may be crystallised from benzene 
but has no sharp melting-point, sintering at 
S0°-90 o . The yellowish crystals are volatile in 
steam, dissolve in cold concentrated sulphuric 
acid to give a deep red solution, are soluble in 
caustic alkali to give a faintly fluorescent blue 
and in mild alkali to give a violet solution. 

Catecholitaconein and catecholcitraco- 
nein are described by Dhar and Dutt (J. Indian 
Chem. Soc. 1927, 4, 247). 

For dyes produced from catechol and diazo- 
compounds, see Witt and Mayer (Ber. 1893, 28, 
1072) and Orton and Everatt (J.C.S. 1908, 93, 
1010 ). 

With phthalic anhydride and sulphuric acid 
at 150°, catechol yields alizarin (Liebermann and 
Hoheneinser, Ber. 1902, 35, 1778) ( v . Alizarin). 

Helforich, Lang and Schmitz-Hillebrccht 
(<T. pr. Chem. 1933, ii, 138, 275) describe glucose- 
azodyes of catechol which dye wool a reddish- 
yellow at 100° or in the presence of emulsin. 

CATECHU orCUTCH. Thoro are several 
varieties of catechu or cutch bearing different 
names according to the country or plants from 
which they are obtained. The following are those 
principally employed by dyers and tanners : 
Gambicr catechu, Bengal or Acacia catechu, 
Bombay or Areca catechu, and Mangrove cutch. 

Gambicr catechu. — Gambier, yellow cutch, 
cubical cutch, cubo gambicr, or terra 
japonica, is obtained from the Uncaria Gambier, 
an extensive scandent bush which is met with, 
both wild and cultivated, in Malacca, Penang 
and Singapore. The catechu is isolated by 
extracting the leaves and twigs with hot 
water until the liquid becomes syrupy, the 
insoluble matter being removed from time to 
time by means of a strainer. On cooling, the 
pasty mass is cut into 1 in. cubes and dried on 
bamboo trays. 
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Gambier catechu is largely used for the pro- 
duction on cotton of the well-known “ catechu 
brown,” which is exceedingly fast to light, acid 
and alkaline solutions, and also to bleaching 
powder. To obtain this, cotton is steeped in a 
hot solution of catechu (1-2%) to which has 
been added about 6% of copper sulphate, cal- 
culated on the weight of catechu employed. 
The material is allowed to remain in the bath 
as it cools, and without washing is treated in a 
second bath with a warm or boiling solution of 
potassium bichromate (0'l-(>2%). The colour 
is apparently intensified by tho formation of a 
basic copper chromate. 

Wool may be dyed with catechu in a similar 
manner to cotton, whilst in silk dyeing catechu 
is largely used for weighting purposes. 

Bengal or Acacia Catechu. — Bengal catechu 
is derived from the Acacia Catechu, a tree 
15-20 ft. high, which is common in most parts 
of India and Burma. To isolato the catechu 
which is present in the red heartwood, the tree 
is cut down whilst it is most full of sap, and the 
internal portion is sawn into small sticks and 
extracted with boiling water. The liquid is 
concentrated over a fire, and then allowed to 
evaporate spontaneously in shallow dishes. 
The extract thus obtained comes into the market 
as Pegu catechu, brown cutch, nnd brown 
catechu (Crookes, “ Dyeing and Calico 
Printing,” Longmans, 1874). 

A purer substance, hath, or the pale catechu 
of India, is prepared by suspending twigs in the 
hot concentrated extract and collecting the 
crystals which thus separate. 

Bombay or Areca Catechu. — This variety is 
obtained from the fruit of the Areca Catechu, or 
betel-nut palm, a tree which is common in 
tropical Asia. It possesses a bright chocolate 
and sometimes an orange-brown colour, and 
yields, on dyeing, very similar results to the 
ordinary cutchcs. 

Mangrove Cutch. — This is obtained from the 
bark of the mangrove Ceriops Candolleana, and 
is of somewhat recent employment. In its 
preparation it is preferable to extract the fresh 
bark, which is of a light colour internally, 
rather than the stored product which has 
become red, or is said to have " sweated.” For 
many purposes, mangrove cutch is said to be 
competing closely with the other varieties of 
catechu. 

Although catechu received perhaps greater 
attention than other natural dyes, the results 
were so varied that the chemistry of the subject 
was for a long time in a most unsatisfactory 
condition. Some confusion arose from the non- 
appreciation of the fact that tho main consti- 
tuents of Gambier and Acacia catechu are not 
identical, and some uncertainty also apparently 
existed as to the botanical origin of the com- 
mercial varieties. 

Cateciiin. 

Catechin, the crystalline principle of Gambier 
catechu, was first described by Flees van Esen- 
beck (Annalen, 1832, 1, 243), was subsequently 
examined by Berzelius (Jahrcsber. 1837, 14, 
235), and more recently by numerous chemists. 
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It was shown by von Kostanecli and Tamltor 
(Ber. 1902, 35. IS67) and simultaneously by 
Perkin and YoshitaLe (J.C.S. 1902, 81, 1162) 
that its formula is correctly represented as 
CjsHj.O^HtO. 

Catechin forms colourless needles, and when 
crystallised from water the air-dry product 
melts at 90° (Clauser, Bcr. 1903, 36, 101) ; 
after standing over Bulphunc add, the water of 
crystallisation is lost, and the anhydrous sub- 
stance melts at 1«6°-177°. Catechin is readily 
soluble in boilmg water and cold alcohol, and 
gives with lead acetate solution a colourless 
precipitate, and with ferric chloride a deep 
green liquid. With pine wood and hydro- 
chloric acid it gives the phloroglucinol reaction 
On fusion with alkali, protocatechuic acid, 
phloroglucinol, and probably acetic acid an. 
produced, and it is interesting to note that 
catechu has been considerably employed for the 
commercial preparation of protocatechuic acid. 

From Bengal or Acacia catechu, Perkin and 
Yoshitake (he.) isolated acacatechin. 


which melts at 2<H o -203°, and is somewhat more 
sparingly soluble in water than catechin 
When fused with alkali, acacatechin gives the 
same decomposition products as catechin 
On the other hand, the mehmg points of the 
substances themselves and also of their denva- 
ti\es differ widely, and it is thus evident that 
catechin and acacatechin are isoraerides 
By oxidising an aqueous suspension of catechin 
tetramethyl ether with potassium permanganate, 
Perkin (J.C.S. 1905, 87, 398) obtained veratne 
acid and most probably phloroglucinol dimethyl 
ether, and as the result of his investigation 
considered that catechin was possibly a reduction 
product of quercetin and possessed either 
formula (I) or (II). 


HO l - / V° v 'CH 


U 


OH 

OH 



It is interesting to note, in this connection, that 
a small quantity of quercetin is present m 
enteehn (L6we, Z. anal. Cliem. 1874, 13, 113 ; 
Perkin, J.C.S. 1697, 71, 1135). 

S. von Kostnneeki and La in pc (Ber. 1906, 39, 
4007 ; 1907, 40, 4910) concluded from their 
study of the subject that catechin is represented 
by formula (III), whilst Nierenatem (J.C.S. 


1920, 117, 971. 1151 ; 1921, 119, 164) sugg^ 
formula (IV). 



OH , 

\oh 


By the reduction of catechin tetramethyl 
ether, followed by methy lation, von Kostanecli 
obtained a pentamethyl ether which he con 
sidered to be 2.4.6 tnmethoxy-3 ethylphenyl 
3':4'-dimethoxyphenyl methane (V) On the 
basis of the formula (I or II) assigned to catechin 
by Perkm, this reduction and metbylation 
product should be the pentamethoxy ay 
diphenyl propane derivative (VI), whilst accord- 
ing to Nierenstein’s formula (IV) the product 
should be the aa-diphenylpropane derivative 
(VII). Freudenberg (Ber. 1920, 53, [B], 1416) 



OMe 


VII. 

settled this point by the synthesis of 2 4.6.3'ri - 
pentamethoxy-cy-diphenylpropane (VI) Tw 
condensation of phlorncetophenonc t n methj i 
ether with veratraldebyde yields 2 4 6tn 
m ethoxy-phenyl 3': 4'-ditnethoxy styryl ketone, 
from which, by reduction with- hydrogen m 
presence of platinum, 2 4 6 3'. '4 pentamethoxy- 
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ay-diphenylpropane (VI) is obtained. The 
identity of this substance with von Kostanecki 
and Lampe’s methylated reduction product of 
catechin tetramethyl ether, and also with the 
corresponding product from acacatechin tetra- 
methyl ether, was conclusively established by 
Freudenberg (l.c. ; Z. angew. Chem. 1921, 34, 
247) and Freudenberg, Bohme, and Beckendorf 
(Ber. 1921, 54, [B], 1204), and it was evident that 
formula: (III) and (IV) must be abandoned in 
favour of formula (VIII) or an alternative 
structure (formula IX). 


OH 




IX. 


Catechin and acacatechin yield acetyl and 
benzoyl derivatives which are optically active, 
indicating that the free compounds are optical 
isomorides, the former being d-catechin and 
tho latter a mixture of 1-catechin and dl- 
catechin (Freudenberg, Bohme, and Beckendorf, 
l.c.). Thus, acetyl Gambier catechin has [a]” 
+40-0° in 5-tetrachloroethane, whereas acetyl- 
acacatcchin is lssvorotatory, and from this a 
racemic compound, m.p. 165°, can be isolated 
by repeated crystallisation. When the' crude 
lrevorotatory acetyl derivative from acacatechin 
is mixed with the calculated amount of tho 
pcnta-acctyl compound derived from Gambier 
catechin, tho r-dcrivativo is obtained in theo- 
retical amount. Similarly, when pcntabenzoyl- 
acacatechin is mixed with the requisite quantity 
of pentabcnzoyl Gambier catechin, penta- 
benzoyl-r-catcchin, m.p. 185°, is obtained. 

As a result, Freudenberg, Bohme, and Purr- 
mnnn (Ber. 1922, 55, [B], 1734) conclude that 
tho fifth hydroxyl group in catechin occupies a 
position marked (a) or (6) in formula (VIII) 
or (IX). If this hydroxyl is attached to tho 
carbon atom (a), one asymmetric carbon atom 
only is present, and catechin thus will only 
oxist in two activo and a racemic form. If, 
however, tho hydroxyl is attached at cither of 
tho two positions marked (6), two asymmetric 
carbon atoms must bo present in this sub- 
stance, pointing to the existence of two racemic 
and four activo forms. Tho latter must bo tho 
ease, for on boiling r-catcchin in sodium chloride 
solution a partial transformation into r- 
cpicatcchin occurs. This conclusion is con- 


firmed by Freudenberg and Purrmann (Ber. 
1923, 56, [B], 1185), who describe in detail the 
separation of l- and r-catechins and l- and 
r-epicatechins from Acacia Calechu, the com- 
pounds being obtained in the relative amounts 
60:320:30:30. Two specimens of Acacia Catechu 
from India consisted (i) of nearly homogeneous 
r-catechin and (ii) of a mixture of approximately 
equal amounts of r- and 1-catechins. Further, 
it is shown that d-catechin in aqueous solution 
at 125° passes into r-catechin and r- and d- 
epicatechins. d-Epicatechin was isolated in the 
homogeneous state, and it was thus possible 
to place beyond doubt the racemic nature of 
r-epicatechin. 

According to Nierenstein (Ber. 1923, 56, 
[B], 1877), tetramethylacacatechin can be con- 
verted into a pentamethyl derivative identical 
with the pentamethyl derivative of “ catechin - 
C ” (Perkin and Yoshitake, l.c.). This, which 
occurs in small amount in cube Gambier and 
in Pegu catechu, is designated is oacacatechin. 
On the other hand, Freudenberg and Purrmann 
(Annalen, 1924,437,274) observe that “ catechin- 
C ” [m.p. 235°-237°, disazobenzeno derivative, 
m.p. 215°-217° (decomp.)] is identical with d- 
epicatechin, m.p. 245° (decomp.) [disazobenzeno 
derivative, m.p. 216°-218° (decomp.)]. Again, 
Freudenberg and Purrmann isolated a. small 
quantity of d-epicatechin from Gambier catechu. 

By extracting the heart-wood of Acacia 
Calechu, these authors obtained almost pure 
1-epicatechin and not the expected 1-catechin. 
In addition, a little dl-catechin was isolated. 
It is concluded that the acacatechin of Perkin 
(J.C.S. 1905, 87, 398) consisted largely of dl- 
catechin admixed with some 1-epicatechin, a 
conclusion confirmed by mixed melting-points 
of Perkin’s derivatives with those of dl-catechin, 
and by the observation that dl-catechin always 
sinters 60°-70° below its melting-point (205°- 
210°) when epicatechin is present. 

Tho relationships of tho catechins as deter- 
mined by experiment are shown in Table I 
(p. 436), whilst Table II (page 436) gives tho 
properties of the various isomerides and their 
derivatives. 

Freudenberg, Orthner, and Fikentscher (An- 
nalen, 1924, 436, 286) show that four formul® 
are possible for catechin, viz : 


HO^^NCH- 



HO 


\ 

CH-OH 




XIII. 



■136 
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(M«roixture, ^transformation, R = race misat ion ) 

I E i ' 11 R , _ I 

d Catechin > dl Catechm < 1-Catechm 



Cr> stulline form 
Melt! os point . 

Water of crj 6t&llljatIon 
(a]„, la alcohol 

„ in aqoconj acetone 
Penta acetyl ra.p. 

.Tetramethyl- , mp 

IWntomethyl- ' in.p' 

W>7»- • 

TctramethyUcotyl m.p 

foJjjn . , 

Tetramethyl tolucne- 
Fulphonj 1 ni p 

WutabeDZOjl- . mp 

(«J„, . . 


Slender 
needles 
+ 4H,O.03 J - 
05°, anhydr 
174°— 175* 

0 or 4H,0 

+ 17 1° (9° 0 ) 
131°-132° 

+ 40 0“ (3%). 
H3°-i4i° I 
- 13 4° (3%) 
00’-91° i 
-r8 3* (1%) 


86°-87° 

: + 22 7° (9%) 
' 7*-lB9° 


Slender 
needles 
+4H,O t 93°- 
95*. anhydr 


Wsls 2 

+ 16 8* (3* 0 ) 
131*— 132° 


8fl°-87* 
-22 7* (8%) 
. 167°-169° 
-50 3° (5%) 


Slender 

needles 
212° 214° 


4HjO 

1 + 08 0° (7°o) 

+ 59 0° (4-i) 
151°-152° 

1 + 15 5° ( 3 %) 
153°-154° 
+ 61 5° (2%) 


-08 2’ (0«.) 

1-59 0° (4%) 

■ ir,r-is2‘ 

'-W 

-»J »•(!«) 

-106 5°(2°i) 
91M)2° 
-71 2° (5%) 


Not crystallised. 


Thick prlinui 
also needier 
224’-226° 


For deciding between these formulx, reactions 
which had been serviceable for the determina- 
tion of the structure of diacetone glucose were 
employed. Thus the toluenesulphonyl deriva- 
tive is boiled with hydrazine, when the following 
rhangca occur — 


HO— CH 

I 

HCO— 


I 


C ? H ? SO- OCH 


HCO— 

l 


H.NHN^H 

I 

HCO— 


I 

CH 

I I 

CO— 

I 


with elimination of the original hy droxyl group 


and adjacent hydrogen atom. The toluene 
sulphonic ester of tetramethyl-rf-catechm, thos 
treated, yielded phloroglncinol dimethyl ether 
and 3-iTi p-dimetboxypbenyjpyrazoline, together 
with a small amount of the primary hydraime 
Hence a tram configuration of the hydroxyl 
group in d-catechin tetramethyl ether is indi 
eated It was subsequently found by Frcuden- 
berg, Fikentscber, and Harder (Annalen, 19% 
441, 157) that l epicatechin tetramethyl ether 
behaves as the eis-isomeride, smee its p toluene- 
sulphonyl denvative reacts, with hydrawn® 
yielding the unsaturated compound 
epicatechin tetramethyl ether, mp. 118% fa “9% 
yield. 

Formula (XIII) must be discarded since ci* 
tram isomerism is not possible unless the 
hydroxyl group is in the hydrogenated rmj 


system. Formula (X), (XI), and 


of the production of the respective a 
derivatives (a), (6, 1 and 2), and (c) : 
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''CH- 

I 

. ^CH 
CH 

(") 



' CH— < 


J x /CH 

CH 

( 2 ) 


V>) 




.O 

\ 


C-CH, 


- S 

CH 


(c) 


Freudenberg, Fikentscher, and Wenner (An- 
nalen, 1925, 442, 309) settled this question by 
the synthesis of (c). Phloroglucinaldehyde 
dimethyl ether condensed with cu-bromoaceto- 
veratrono yields 4: 6-dimetlioxy-2-(3' :4'-dimeth- 
oxybenzoyl)coumarone, and from this, by reduc- 
tion with sodium and amyl alcohol, 4:6- 
dimcthoxy-2-(3':4'-dimethoxybenzyl)coumarone 
(c), is obtained:. 


MeO./^OH 

| +BrCH,-CO 

L Jcho 

MeO 


OMe 

A, 
J 


OMe 


MeOr^V 


MeO 


\ r 

C— CO-< 

- s V 

CH 


OMe 
)OMe 



C-CH, 


y 

v 


OMe 


OMe 


MeO 


As this substance is not identical with tetra- 
mcthylanhydroepicatechin, the latter must, 
therefore, have tho structure : 


MeO 



Consequently (XII) is untenable for catcehin, 
which thus has the constitution (XI). This is 
supported by the fact that tctramethylanhydro- 
cpicatceliin in moist acetic acid solution passes 
into 3':4'-diincthoxyphcnyl /3-2-hydroxv-4:6- 
dimethoxyphenylethyl ketone : 


MeO, 



OH 


OMe 


CH 2 -CH 2 -CO 




MeO 


V 


OMe 


identical with the product obtained by hydro- 
genating 3':4'-dimethoxyphenyl /3-2-hydro.vy- 
4:6-dimethoxystyryl ketone (c/. Pratt, Robin- 
son and Williams, J.C.S. 1924, 125, 206). 
Further, synthetic 3':4'-dimethoxyphenyl /?-2- 
hydroxy-4:6-dimethoxyphenylethyl ketone and 
tetramethylanhydroepicatechin give with hydro- 
gen chloride the same hydrochloride, which, on 
hydrogenation, yields 5:7:3': 4'-tetramethoxy- 
flavan : 

OMe 


MeO, 



OMe 


MeO 


identical with tetramethyldeoxyepicatechin, a 
compound earlier prepared by Freudenberg, 
Fikentscher, and Harder (l.c.) from anhydro- 
epicatechin tetramethyl ether. 

In final confirmation of the structure assigned 
to catechin, Freudenberg, Fikentscher, Harder, 
and Schmidt (Annalen, 1925, 444, 135) obtained 
dl-epicatechin and pentamethyl-dl-epicatechin 
by catalytic reduction of cyanidin chloride and 
its pentamethyl ether, respectively. In a 
similar manner, Freudenberg and Kammiiller 
(Annalen, 1927, 451, 209) prepared dl-epicatecbin 
pentamethyl ether from quercetin pentamethyl 
ether, whereas deoxyepicateehin tetramethyl 
ether was thus produced from luteolin tetra- 
methyl ether. 

Whereas tetramethylepicatechin (XIY, con- 
taining the H and O H groups in the cis-position) 
on dehydration yields the tetramethoxyflavene 
(XV) {l.c.), Freudenberg, Carrara, and Cohn 
(Annalen, 1925, 446, 87), by dehydration of 
tctramethylcatechin (XIV, in which the H and 
O H groups are in the Irans- position), obtained 
the substance (XVI), the production of which 
arises from tho migration of tho dimethoxy- 
phenyl group during dehydration. This 
substance had in reality previously been 


OMe 


OMe 



MeO 


/CH-OH 
CH 2 

XIY. 


MeO, 



)OMe 


MeO 


XV. 


obtained by Druinm (Proc. Roy. Irish Acad. 
1923, 36, 41 ; eee aha ibid. 1924, 36, |B], 149 ; 
1929, 39, [B], 114) by the action of phosphorus 



pentachloride on tetramethylcatechin and treat- 
ment of the product with pyridine. By hydro- 
generation (XVI) yields the chromane derivative 
(XVII), the constitution of which was proved by 
synthesis (Freudenherg, Carrara, and Cohn, Lc.) 


MeO 



Baker (J.C.S. 1929, 1593), by the oxidation of 
anhydrocatechin tetramethyl ether, obtained 
B:7:3':4'-tctramethoxy-3 phenylcoumarm : 

MeO| / ~ S V'°^ co OMe 

wo- 

and a aubstance which with boiling hydrochloric 
acid gives 5.7:3'.4'-tetramethoxyisoflavylium 
chlonde. The following compounds were shown 
to be identical: 6. 7. 3': 4' tetramethoxyiso- 
flavyhum chloride with the “ hydrochloride ” 
of anhydrocatechin tetramethyl ether (Fteuden- 
herg, Carrara, and Cohn, 1 c.) ; the corre- 
sponding fwflavyhum bromide with the bromide 
described by Dnimm (1 c.) ; and the “ hydro- 
chloride ” of anhydroepicatechin tetramethyl 
ether with tetramethylluteolmidin chlonde 
(Pratt, Robinson, and Williams, I c ). 

Caleehulannic Acid.—— In addition to catechin, 
Gambier catechu contains a small amount of 
catechntannie acid, and this substance is present 
in considerable quantity in the browner varieties 
of cutch. It consists of an amorphous reddish- 
brown powder, readily soluble in water and 
alcohol, insoluble in ether. Catechutannic acid 
gives a precipitate with lead acetate solution 
and also resembles catechin in giving a green 
coloration with feme chloride, and the phloro 
glucinol reaction with pinewood and hydro- 
chloric acid. It is a powerful tanning agent, 
and appears to differ but little from the so- 
called “ catechol " tannins. 

Catechntannie acid is said to be an anhydride 
of catechin and to be produced when an aqueous 
solution of catechin is heated to 110°, or by 
boiling catechin with solutions of the alkali 
carbonates. 

Finally, there are present in catechu certain 
brown substances known as rubinic and japonic 
aeida which, according to some writers, appear 
to have been formed by the oxidation of the 
catechin. Their chemical nature is, however, 
nnknown. 

Catechin, though largely employed for tanning 
purposes, does not precipitate a gelatin 


solution, and is not itself a tannin matter. On 
the other hand, it is adsorbed by the hide, and 
there passes gradually into catechutannic acid. 

Details for the extraction and valuation of 
Gambier are given by Eaton and Bishop (J. Soe. 
Leather Trades’ Chem. 1926, 10, 395) Hooper 
(Analyst, 1925, 50, 162) describes a method for 
differentiating the proportions of tannin and 
catechin in commercial samples of cutch and 
Gambier. 

According to Freudenherg, Bohme and Purr- 
mann (he.), the catechin from Chinese rhubarb 
is pure d-catechin ; that from steamed maho- 
gany contains dl- and d-catechin, and probaUy 
also d epicatechin. The catechin from Paul- 
linia Cupana is similar to that from mahogany, 

From green tea, Tsujimura (Sci. Papers Inst 
Pbya. Chem. Res. Tokyo, 1929, 10. 252 ; 1931, 
24, 149) isolated & catechin, evidently 1 epi 
catechin in the anhydrous form, and lea catechin 
II, or gaUocatechin, m p. 218°, f 'af* —67 5*, to 
which the formula 

OH 

V)H 


V-CH,' 

is assigned. The penlamethyl ether melts at 
183°. By extracting fresh Formosan tea leaves 
with water, Oshima (Bulk Agnc. Chem. Soc. 
Japan, 1936, 12, 103 ; Proc. Imp. Acad. Tokyo, 
1936, 12, 189) obtained l epicatechin, gallic 
acid, an amorphous tannin, C, 0 H tl O u , and a 
galtccalechm, C,,H 14 0,, mp. 227®, [ofc -37 fi* 
in water, -67-0° in alcohol (penta acetate, m p. 
189°, penlamethyl ether, m.p. 184°), evidently 
identical with that isolated by Tsujimur*. 
The amorphous tannin and the gallocatechra 
were shown by synthesis to be Ws-(6:7;3':4'5- 
pentahydrory)-flavpinaccl, and 3:5.7 3 .4 :5- 
hexahydroxyfiavan respectively. 

Freudenherg and Oehler (Annalen, 1930, 483, 
140) isolated d-catechin and f epicatechin ai 
sole products from fresh kola nuts, and thin 
the names kolatin, kolatein (Goria, Compt. rend. 
1907, 144, 1102), and cola-catechin (Casparo, 
Pharm. Acta Helv. 1929, 4, 181, 189) should be 
deleted from the literature. Contrary to toe 
statement of Casparis [l c.), no catechin is pre- 
sent in fresh or dry tormentilla root. 

d-Catechin is present in the fruit of Artca 
Catechu, L. (Yamamoto and JIuraoka, ba. 
Papers Inst. Phys. Chem. Kes. Tokyo, 193*. 
19, 142) and in the bark of the peach tree (CoU« 
and Rabat4, Compt. rend. 1936, 202, 1208). 

Freudenherg, Cox and Braun (J- Amv 
Chem. Soc. 1932, 54, 1913) show that 
catechin is present in the cacao bean (f/. Adam 
et al., tbid. 1931, 53, 727). . . 

From “ rhatany root ” from Boh via (a* 0 *"®?! 
argenlea Mart.), Nierenstein (J.C.S. 193-, 
isolated d- and df-gambir-catechin. Theaetv 
catechina are also present in the cuiebea 
the leaves of Unearia Gambier Roxb , ana . 
aeida Roxb. (Nierenstein and co-workers, • 
Amer. Chem. Soc., 1931, 53, 1505). . r 

A. G. P- and E - 
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CATECHUTANNIC ACID v. Catechu 

OR CUTCH. 

CATELLAGIC ACID. SchifF (Ber. 1882, 
15, 2590) obtained this acid by heating proto- 
catechuic acid with arsenic acid, and assigned 
tho formula C 14 H 10 O 7 or C u H B 0 7 . Perkin 
and Nierenstein (J.C.S. 1905, 87, 1417) obtained 
apparently tho same substance by the oxidation 
of protocatechuic acid or p-hydroxy benzoic acid 
with potassium persulphate and sulphuric acid. 
Catellagic acid crystallises from pyridine in 
colourless needles which melt above 300° and 
sublime with but moderate carbonisation at 
higher temperatures. Solutions of the alkali 
hydroxides dissolve it with a pale yellow colour, 
and with nitric acid it gives a magenta-coloured 
liquid. By distillation with zinc dust fluorenc 
is obtained. 

Catellagic acid is closely related to ellagic acid 
and has the following constitution : 


O— CO 



CO — o 


Diacctylcatellagic acid, colourless prismatic 
needles, melts at 322°-324°. 

A. G. P. and E. J. C. 

CATHARTIN, CATHARTOGENIC 
ACID. An infusion of the leaves and pods of 
the Alexandrian shrub Cassia acutifolia. It is 
used as a cathartic. 

CATHIDINE, CATHININE v. Cathine. 

CATHINE. Catha edulis, syn. Celaslrus edulis 
(Pam. Cclastracea:) is a plant, the leaves of which 
arc chewed as stimulant to a very largo extent 
in Abyssinia and Yemen. Tho plant is indi- 
genous to Africa, Turkestan, and Afghanistan 
(Owen, ' J.S.C.I. 1910, 29, 1091). Por early 
literature and botanical investigation, see 
Beittcr (Arch. Pharra. 1901, 239, 17) and 
Chevalier (Bull. Sci. Pharmacol. 1911, 18, 264). 
Stockman (Pharm. J. 1912, 35, 076) isolated 
tlirco different alkaloids from C. edulis : cathine 
(cryst., yiold 0-27%), cathidinc (amorphous, 
0-32%), and calhininc (cryst. (?), 0-15%) ; ben- 
zene seems to bo the most suitable solvent for 
extraction. 

Cathine, C 0 H 13 ON, m.p. 77° (from benzene), 
Mn +42-5° has been identified by Wolfes 
(Arch. Pharm. 1930, 268, 81) with d-noriso- 
ephcdrinc, tho same compound which had been 
isolated from a Chineso ephedra (c/. Smith, 
J.C.S. 1928, 51 ; NagaiandKanao, Amer. Chcm. 
Abstr. 1929, 23, 1472). There is nothing known 
about tho constitution of the two other alkaloids. 

CAULIFLOWER v. Cabbage. bCh! 

CAULOPHYLLINE, CjjH^ONj, occurs 
in Catdophyllum thaliclroides (Linn.). It is 
mcthvlcvtisine. 

CA'USTICOIL OF ARSEN ICr. Arsenic, 
ARSENIC CllLORinE. • 

CAY CAY FAT, or Cochin China wax, is 
obtained from the fruit of the Cay Cay tree, 
Irvingia Olivcri Pierre. Tho wax has the 
consistency and texture of beeswax, but is more 


brittle, m.p. 39-7°, 0-913, acid value 0-86, 

saponification value 235-3, iodine value 6-7, 
Reichert-Mcissl value 0-62, unsaponifiable value 
0-42%. The wax is composed mainly of 
myristin 60-65%, laurin 30-35%, and olein 
about 5%. 

CAYENNE PEPPER v. Capsicum. 

CEDAR1TE v. Amber. 

CEDARWOOD CAMPHOR v. Cedrol. 

CEDARWOOD, ESSENTIAL OIL OF. 

The oil distilled from the wood of various species 
of Juniperus, chiefly J. virginiana (Pam. Coni- 
fers:) a tree found in North America. The 
wood is also imported from Honduras, Mexico, 
Trinidad, and Demerara. Yield 2-4%. The 
oil is a by-product from the manufacture of 
pencils. 

Constituents . — The main constituent 5 b tho 
sesquiterpene cedrene. Cedrol or cedar camphor , 
a sesquiterpene alcohol, is present in variable 
quantity and separates from some oils in crystals 
which after crystallisation melt at 86°-87°. 
Two other sesquiterpene alcohols, cedrenol and 
pseduocedrol, have also been isolated. 

Characters. — Sp.gr. at 15-5° 0-940-0-960, dp’ 
-25° to -45°, 1-495-1-510. It is used for 

microscopic purposes owing to its high refrac- 
tive index. A specially prepared oil containing 
other substances has a refractive index of 
1-515-1-526. C. T. B. 

CEDRA-CEDRAT (Fr. Cedral). Thefruitof 
the citrus, Citrus medica (Fam. Rutacea:). The 
peel is very thick, covered with an epidermis con- 
taining a fragrant essential oil, used for flavour- 
ing preserves, also used whole for wet comfits, 
and cut in quarters for dry comfits. A liqueur 
is made from it by gathering the fruit beforo it is 
ripe and grating the peel into brandy. 

CEDRELA TOONA. The Cedrcla Toona, 
the Toon or Indian mahogany tree, is a largo 
tree 50-60 ft., although occasionally reaching 
100 ft., in height, tho wood of which closely 
resembles mahogany and is imported into 
England under the name of “ Moulmein Cedar,” 
and much used for making furniture. It occurs 
in the tropical Himalaya from tho Indus 
eastward, throughout the hilly districts of 
Central and Southern India to Burma, and is 
also found in Java and Australia. The flowers 
constitute one of the less important Indian 
natural dyestuffs, and are reputed to yield both 
a red and a yellow dyo (known in Bengal as 
“ Gunari,” which is applied without mordants). 
The seeds are also stated to givo a red dye. 
Although employed for dyeing purposes alone, 
the flowers arc also used in Burma in conjunc- 
tion with safflower, and together with turmeric 
to produce the sulphur-yellow colour or 
“ basanti ” of Cawnpore. 

Perkin (J.C.S. 1912, 101, 1538) examined tho 
flowers of the Ccdrela Toona and isolated a 
colouring matter which crystallised from 
pyridine in orange leaflets ; these contained 
pyridine and became red and opaque when 
washed with benzene or alcohol, the pyridine 
being thus eliminated. Tho substance melted 
at 285°- 287°.nnd proved to be identical with the 
red colouring matter nyctanthin isolated bv Hill 
and Sirkar (J.C.S. 1907, 91, 1501) from the 
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flowers of the Kyclanlhes Arbor tristis. The 
amount u hieh is present in the Toon flow era is 
very small and does not seem to average more 
than 0 1%. The general similarity of the proper- 
ties of njetanthm to those assigned to bixm 
(f. Am-atto, Ban.) led Perkin to conclude 
that the two compounds are closely related 
This conclusion was confirmed by Kuhn and 
tV intcrstein (Helv. Chim Acta, 1029, 12, 496), 
who showed that nyctanthm is identical with 
crocetin, the colouring matter of saffron (c. 
Cahotesoids). 

The flowers of the Cedrela Toona contain m 
addition to crocetin a fair amount of quercetin, 
probably as glycoside, and also a second 
flavone or flavonol dy cstuff the identity of which 
was not ascertained. A sugar, Ci,H tl 0 11( | 
m p. 1G5°-16S°, is also present. 

Dyeing Properties — Cotton and woollen fabrics 
can be dyed a dull yellow colour by mere im- 
mersion in * boiling extract of Toon flowers. 
This, however, is not permanent, and is removed, 
although much more quickly from cotton than 
wool, by the action of soap or dilute alkali. 
Better results are obtained by the employment 
of mordants, and the following shades are 
obtained with mordanted woollen cloth . dull 
brownish-yellow (chromium), full golden-yellow 
(aluminium), bright yellow (tin), and dull olive- 
brown (iron) During these operations, crocetin 
or its glycoside apparently plays no part, and 
the colours obtained are due to the flavone 
glycosides present. A. G. P and E J C. 


CEDRENE. The sesquiterpene hydrotu 
bon cedrene, C 1S H„, bp. 12P/12 mm , d' 1 
0 9367, rip 1-5030, —52 8°, occurs in cedar 

wood oil (from J uniperus virgmiana) and vss 
first isolated from this oil by Walter (Annalen 
1841,39,247; 1843,48,35). It can be obtained 
also by tbe dehy dration of the alcohol cedro I 
Cedrene is probably most conveniently 
identified by its oxidation with chromic and 
to the ketone eedrone, C u H tl O, m.p. 32°-33% 
d ss 1 014, 1-51293, [«]„ -91-4\ «emi 

carbazone, m.p. 242 <> -243 0 . This ketone wss 
prepared first by Rousset (Bull. Soc. ehim. 1897, 
[hi], 17, 485) and it has since been studied by 
Semmler and Hoffmann (Ber. 1907, 40, 3523). 
Ruzicka and van Melsen (Annalen, 1929, 471, 
54), and by Blumann, Hellriegel and Schulz (Ber 
1929, 62, [B], 1698 ; 1931, 64, [B], 1540). The 
last mentioned authors showed that cedrene on 
auto-oiidation in the presence of cobalt resmatc 
gave a secondary alcohol, C, 5 H tl O, m p 1035°, 
h p. 160 o /12 mra , [a] i) —217° (in alcohol), from 
which eedrone could bo obtained by oxidation 
w ith chromic acid. 

The oxidative degradation of cedrene and of 
eedrone has been investigated by Semmler and 
bi3 collaborators (Ber. 1907, 48, 3523 , 1912, 
45. 355, 791, 1389, 1556) and by Ruzicka and 
van Melsen (Annalen, 1929, 471, 54). According 
to Ruzicka and van Melsen the reactions which 
occur are best explained in accordance with 
the scheme given below : 


CH, 

C.H 10 — dWe'^CH 

I I li 

CH, — CH CMe 

|crO, 

CO 

C,H I0 — C(Vfe CH 

III- 

CH, CH CMe 

CH j 
Ccdronc 


CaH l0 — CMe CO,H 
CH. — Ah COMe 

Cedrene ketonlc acid 


C»Hi 0 — CMe CO.H 

• I I 

CH, CHCH, COMe 


Norredrene ketonli acid 


C 5 H 10 — CMe CH, CO,H 
NiOBr CH, — CHCH, -CO, H 

Cedrene dicarboxj lie add. 


C,W, 0 — CMe CO,H 
CH, — CH CH, CO,H 


Norcedrrne dicarboxj lie acid 


MzMet 


C # H, 0 — CMeCO,Me 

CH, CHCH, CMe, OH CrO,’ 

Cedrene camphoric acid 


C fl H, 0 — CHMc-CO,H 

do,H 


More recently Trcibs (Ber. 1933, 68, [B], 1041) 
lias obsen ed that cedrene yields p-cymcne when 
it is heated with a nukel pumice catalyst at 420°- 
450”, whilst by oxidation lie has separated an 
acid, which he suggests is camphoronie acid 
The bearing of these results on the structure of 
cedrene has been discussed by Short (J.SC.I. 
1937, 874), Robinson and Walker {ibid. 906, 
946), and by Ruzicka and Jutassy (Helv. Chim. 
Acta, 1936, 19, 322). 


On catalytic hydrogenation cedrene jMjb 
dthydrocedrene, bp. 122°-123®/10 mm. a 
0 9204, n*° 1 4929, [a]” +2°. J - 1 ‘ 

C EDR 1 R ET. A substance found in wood 
tar by Reichenbach and recognised by IJ*'**’ 
raann as a quinone like substance and terraed 
him coeruhgnone. Hofmann showed that It w» 
tetramethoxydiphenj 1 quinone, formed by in 
oxidition of p\ rognll'ot dimeth* 1 ether. 
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CEDROL, The sesquiterpene alcohol, cedrol, 

c i5 H 2c°> m -P- 86 °> 292 °* ltnown also ? s 

cedar ’ camphor and cypress camphor, occurs in 

cedarwood oil (from Juniper us virginiana), in 
cypress oil (from Cupressus sempervirens) and 
in the oils from <7. chinensis and Origanum 
smymrcum. Cedrol is, as a rule, dextrorotatory 
([“Id + 10-5° in the chloroform), but in a number 
of cases it has been found to be optically 
inactive. Tho alcohol was first isolated by 
Walter (Annalen, 1841, 39, 247 ; 1843, 48, 35) 
and later studied by Gerhardt (Traits, 1856, IV, 
353), and by Rousset (Bull. Soc. chim. 1897, 
[iii], 17, 485), who suggested that it was a 
tertiary alcohol and prepared an acetate, b.p. 
157°-16S°/8 mm. It was shown by Semmler 
and Spornitz (Ber. 1912, 45, 1553) that it can 
bo readily dehydrated by digestion with formic 
acid to give the tricyclic hydrocarbon, cedrene 
(q.v.). Cedrol has been characterised by the 
preparation of a phenylurclhane, m.p. 106 t> -107 cr . 
It has been found by Semmler and Spornitz 
(Ber. 1912,45, 1384) that ccdarwood oil does not 
always contain crystalline cedrol, but that the 
sesquiterpeno alcohol present is a ifr-cedrol, 
b.p. 147°-152°/9 mm., d 20 0-9964, n™ 1-5131, 
[a] D +21-5. Like cedrol, 0-ccdrol yields 
cedrene on dehydration, and it is converted 
into the crystalline alcohol by digestion with 
potassium or when its xanthate is hydrolysed 
(Kimura, Ber. deut. pharm. Gess. 1910, 20, 
293). It is probable, therefore, that tho two 
alcohols are stereoisomorides. According to 
Bell (J.C.S. 1930, 1908) <//-cedrol is obtained 
when cedrene is oxidised with mercuric acetate. 

J. L. S. 

CELASTOID v. Cellulose Plastics. 

CELERY, CELERIAC. Common edible 
celery consists of the blanched stems of Apium 
gravcohns Linn. Turnip-rooted celery or celeriac 
is a variety (var. rapaceum Mill.) in which the 
upper part of the root is much enlarged. The 
bulbous root is boiled and eaten os a vegetable. 
The following are typical analyses of celery : 



! 

H 2° 

Pro- 

tein. 

Fat. 

N-frce 

ex- 

tract. 

Fibre. 

Ash. 

German 1 . 


1-34 


5-87 

m 

0-97 

American 2 

94-5 

1-1 


3-3 

1-0 


J von Schlelnltz (Landw. Jnhrb., J D IS, 52, 331). 

* Atwater and Bryant (U.S. Dept. Agrlc. 0(1. Exp. 
Sin. Bull. 1000, b'o. 28). 


Coons and Klotz (J. Agric. Res. 1925, 31, 287) 
give the nitrogen distribution of healthy celery 
stalks as : ammoniacal N 0-3, nitrato N 5-8, 
hydrolysablo N SS-8, acid amide N 13-5, humin 
N 9-6, total amino N 47-1, protein N G7-8, non- 
protein N 32-1%. Asparagine and tj-rosine arc 
among tho nitrogenous constituents. 

Mannitol is generally distributed throughout 
tho plant, and among carbohydrate constituents 
(hero arc small amounts of sucrose and reducing 
sugars (Obaton, Compt. rend. 1929, 188, 77). 
Celery also contains approximately 1-5% of 
pentosans, n glucosidc apiin, and inositc. 

Stems of petioles of celery contain specialised 


cells in which an oleoresin and an essential oil 
accumulate. The discoloration of celeriac occur- 
ring frequently on boiling is attributed to enzymic 
resfnifi cation of the oil effected by atmospheric 
oxygen (Schuphan, Bodenk. Pfianzenernahr. 
1937, 2, 255-304). The oil has the character- 
istics, d 15 0-866-0-894, [a]p +60° to +82°, 
acid value 4, ester value 16-45, 7+ 1'486, 
terpenes 70% (60% limonene and 10% d-seli- 
nene). According to the ]S tablissements Antoine 
Chiris (Parfums de France, 1936, 14, 12) the 
essential oil occurring in celery seed differs con- 
siderably from that of stalks and leaves and is 
characterised by d 1 5 0-9165, [a] D +55° 45', acid 
value 1-12, ester value 74-9. 

The characteristic odour and flavour of celery 
and celeriac is ascribed to the presence, in the 
essential oil of the anhydride of sedanonic acid, 
C0 2 H-C 6 H 8 -C0-C 4 H g , and the lactone of 
sedanolic acid, eedanolide (Ciamician and Silber, 
Ber. 1897, 30, 1419): 

CH„ 

/ \ 

H,C CH— CO — v 

I I 

H 2 C C CHBiK 

^CH 

Palmitic acid and a phenolic substance are also 
present in the oil. 

Celery ash has the following composition as 
percentage of total ash : 



ICO. 

Na 2 0. 

CaO. 

MeO. 

Fe 2 0 3 . 

Shoots 

Root . . 

33-1 

43-2 

19-3 

13-1 

13-1 

5-8 

1-4 



P=°s- 

SOj. 

SiO,. 

Cl. 

CO,. 

Shoots 

Root . . | 

14-4 

12-8 

1-2 ! 
5-6 

1-9 

3-8 

22-1 

15-9 

10-9 


Various records of the minor elements in celery 
include Fe 3-5-8-0, Mn 1-1, Cu 0-1-1-2 mg. per 
kg. (fresh basis), and in celeriac Mn 7-5, Cu 6-6, 
Zn 2-1 mg. per kg. A. G. Po. 

CELERY, ESSENTIAL OIL OF v. 

Celery. 

CELERY SEEDS. The dried ripe fruits of 
Apium gravcohns Linn. (Fam. Umbellifera:), a 
native of the temperature regions of Europe, but 
cultivated extensively. For official medicinal 
purposes, the fruit must be collected from culti- 
vated plants, which are too well known to 
require description. The wild plant grows in 
marshy places and has a disagreeable taste and 
odour, which are not present in the cultivated 
variety. The fruits consist of a cremoearp, 
composed of two mericarps, which may be 
united or separate. The crcmocarps are about 
O-S-l-5 mm. long, 1 nun. broad, and 0-5 mm. 
thick. Celery seed is commonly employed as a 
flavouring material, particularly in celery salt, 
from which it should be separated for examina- 
tion by its insolubility in water. It is also used 
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as a sedative and is popularly believed to be 
effective as a cure for rheumatism. The culti- 
vated stalks, leaves and roots are employed to 
a large extent as a salad or vegetable, and when 
dried m soup powders, 

Jheroscoptc Appearance . — The cross-section 
of the mencarp3 is almost that of an equilateral 
pentagon, and there are 6-15 nttae.or oil cells, 
in the meao carp, 1, 2, or 3 in each groove of 
the dorsal side, but 2 only on the coramisural 
Bide. The epidermal cells are polygonal with 
wavy walls and the cuticle is thick and tough, 
though delicately striated. The endocarp and 
seed are such as arc usually found in other seeds 
of the UmbcUifene. 

Chemical Composition . — The principal con- 
stituent is the essential oil, and this is probably 
determined most satisfactorily by the method of 
Cocking and Middleton (Quart. J. Pharm. 1935, 

8, 435). The seed is mixed with brine and 
distilled, the vapours being passed through the 
top of a condenser into a graduated tube, m 
which the oil is collected whilst the condensed 
water is returned to the distillation flask. An 
air inlet or outlet is provided by means of a side 
tube below the condenser and above the 
graduated tube. The seed contains about 1 83% 
of volatile oil, for further details of which see 
Celery. 

Standards . — The '* British Pharmaceutical 
Codex ” suggests that the fruits should not con- 
tain more than 4% of foreign seeds and 1% of 
other organic matter, and not more than 2% 
of ash insoluble in acid. The “ National 
Formulary " suggests that the total ash should 
not exceed 8%. 

Adulteration . — Mustard seed and other cheaper 
seeds are used to mix with celery seed, and the 
author has a sample containing henbane aeeds 
as adulterant T. McL. 

CELESTINE or CELE^TITE. Native 
strontium sulphate (SrSO t ), forming ortho- 
rhombic crystals isomorphous with baryte 
(BaSO,). The crystals are colourless or 
yellowish, but sometimes they show a pale tinge 
of sky-blue, and on this account the mineral 
receives its name. The mineral is often very 
like baryte in appearance, and it is also heavy 
(sp gr. 3 9 ; of baryte, 4 5); it is most readily 
distinguished by the colour that the powdered 
mineral moistened with hydrochloric acid 
imparts to the Bunsen flame. Numerous finely 
crystallised specimens have been found in the 
red marls of Triassic age in the neighbourhood 
of Bristol, and in the sulphur mines near 
Girgcnti in Sicily. Deposits of cclestine occur 
in beds of Cretaceous age over a wide area in 
Russian Turkestan ; and the mineral i9 found 
also in Baluchistan. The largest crystals, 
measuring a foot across, are from a cave in lime- 
stone on Strontian Island, Lake Erie, Ohio. 
Workable deposits are mined m Arizona and 
California. The mineral is dug m numerous 
shallow pits in Gloucestershire and Somerset- 
ahire, where in 1902 the production amounted 
to 32,000 tons valued nt about £1 per ton;| 
but since then it has declined to less than 10,000 
tons per annum. Most of this was formerly j 
exported to Germany, where in the form of 
strontium hydroxide it was used in the refining 


of beet -sugar. It is also converted into stron- 
tium nitrate for making red fire in pyroteehny. 
For details respecting the British occurrence, 
tee “ Special Reports on the Mineral Resources 
of Great Britain,” vol. lii (Mem. Geol. Surrey), 
J915, 2nd ed. 1918; ‘‘Strontium Minerals," 
Imperial Mineral Resources Bureau, London, 
1923. L.J.S. 

CELESTINE BLUE. An oxazine dye- 
stuff. 

CELLASTINE r. Cellulose Plastics 

CELL1 AM I N, C tl H„O t N. m p. 127M3P. 
is an alkaloid occurring in the root of HtUehom 
t indis 

CELLITON DYES v. Acetate Snx 
Dyes. 

CELLOBIASE is a member of the f 
glucase or 0-heteroglucosidase (Oppenheimer) 
class of enzymes, originally described as emulsrn, 
How far the members of this group are specific 
is at present uncertain. It hydrolyses cellobiose 
in which the junction of the two glucose residues 
is C,p— C t . It may also hydrolyse gentiohiosa • 

which the junction is C t p — C 8 , in which cam 
it is the same as gentiobiase and amygdalase. 

The optimal p B is 4 9-5 3. As yet very little 
which is positive is known about these enzymes 
(see Gr&ssmann, Annalen, 1933, 502, 20 ; 503, 
167 ; Neuberg and Hofmann, Biochcm. Z. 
1932, 256, 450 ; 265, 462). E. F. A. 

CELLOBIOSE, C 11 H t: 0 11 =glucose-4-^ 
glucoside. M.p. 225°. The free sugar was first 
obtained by acetolysia of cellulose (filter paper) 
by Skraup (Monatsh. 1901, 22, 1011). Tim 
constitution was definitely established by 
Haworth and Hiret (J.C.S. 1921, 119, 193 ; 1927, 
2809) and by Zempldn (Ber. 1926, 59. 12M; 
1927,60.1555). 

It is hydrolysed by emulsin but not attacked 
by invertaae or maltase. 

‘The 0-form has [a] D +16° increasing to +35 
on znutarotation. The calculated rotation of the 
a form is +72°. 

It forms the usual derivatives of a reducing 
sugar. The a-octacetale has m.p. 229° [«|n 
+42°. The 0-octacrtaIe has m.p. 202°,[a] D — 14 5 • 

It has been synthesised by Freudenberg and 
Nagai (Ber. 1933, 66, [B], 27). 

Cellobiose has never been found naturally 
per ee ; it is a product of acetolysis of 
lichenm and tunic-in. Chief interest attaches to 
it as a component of cellulose to which it bears 
the same relation as does maltose to starch. 
The successive degradation of cclluloso yields 
first dextnns and then smaller molecules con- 
sisting of cellobiose, cellotriose, cetlotetrose, ana 
a cellohexose. The cellotriose is identical with a 
product described by Bertrand under the name 
procellose (Compt. rend. 1923, 176, 1583). Th® 
cellodextnns range in molecular size from chaiw 
of 10 to chains of 30 0 glucose units. E. r . u. 

CELLOMOLD v. Cellulose Plastics. 

CELLOPHANE (registered name of the 
British Cellophane Co.). Cellopban. A trans- 
parent film of regenerated cellulose, used as» 
wrapping material for foodstuffs, fruit, toba , 
etc., manufactured by forcing a viscose (cell u 
xanthogenatc) through a long fine slot in 
acid bath. It has been used in the labors y 
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for osmoses experiments and when' herepatliite 
is incorporated in the film, a substitute for a 
N idol’s prism is obtained. Cellophane Bwells 
when immersed in water, and a varnished water- 
proof variety is manufactured. 

CELLOSOLVE. This solvent, which is 
widely used in lacquer formation, is the ethylene 
glycol monoethyl ether and was one of the 
earliest of the synthetic solvents manufactured 
in the States by the Carbide and Carbon 
Chemicals Corporation, U.S.P. 1644420, 1927. 
The method of manufacture generally of the 
glycol mono ethers consists in heating under 
pressure a mixture of an olefine oxide and an 
organic hydroxy compound, catalysts not being 
used. As a case in point a mixture of ethylene 
oxide with twice the theoretical amount of ethyl 
alcohol is pumped through a system in which the 
temperature is raised to 180°C. and the pressure 
to 30 atm. Alternatively the olefine oxides may 
be heated with alcohol under pressure in the 
presence of di-ethyl or di-methyl sulphate, for 
example, ethylene glycol monoethyl ether can 
be obtained in a 90% yield by heating ethylene 
oxide with ethyl alcohol at 100°C. under a 
pressure of 60 lb. per sq. in. with the addition 
of a small amount of diethyl sulphate. 

In general tho mono alkyl ethers of ethylene 
glycol are odourless and colourless liquids. 
They dissolve cellulose nitrate, cellulose acetate, 
resins, oils and gums. Cello9olve itself boils at 
134°C., has a density of 0-9360, refractive index 
1-4042. Tho acetate of this ether (cellosolvc 
acetate, i.e. ethylene glycol monoethyl ether 
acetate) boils at 153°C., and is a good solvent for 
cellulose nitrate and a variety of gums. Tho 
uso of cellosolve demands adequate ventilation. 

Higher homologues have been put forward as 
solvents, e.g. the mono amyl, the mono phenyl 
and the mono benzyl. 

For a detailed account -of this- and similar, 
materials, “ The Chemistry of Petroleum 
Derivatives ” by Carleton Ellis (Chemical 
Catalog Co.) should be consulted. A. E. D. 

CELLOTROPIN. Benzoyl derivative of 
hydroquinone glucose, C, 2 H 16 0- (mono-benzoyl 
arbutin), a glucoside found in pear leaves. 
M.p. 184-6°. Formerly prescribed for pul- 
monary tuberculosis. 

CELLULASE. An enzymo which hydrolyses 
cellulose. 

CELLULO ID. Celluloid is the name usually 
applied in Europe to the thermoplastic colloid 
made from nitrocellulose and camphor. In 
America the word is tho registered name of the 
product of one Company. 

Alexander Parkcs, of Birmingham, the in- 
ventor of tho cold vulcanising process for india- 
rubber, and of tho Parkcs process for desilver- 
ising lead, was tho first to discover tho valuable 
properties imparted to nitrocellulose by mixing 
it with enmphor. He exhibited small articles 
made from this mixture before the Royal 
Society of Arts in 1865, under the name of 
“ Parkesinc." Tho name “ xylonite,” by which 
the material is usually known in the United 
Kingdom, was adopted by one of Parkes’s 
associates, Daniel Spill. Other American names 
besides “Celluloid” arc “ Pyrnlin,” “Vis- 
ooloid,” and " Fiberloid.” Early development 
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work in Great Britain was not successful, but 
the Hyatt brothers in the United States put tho 
industry on an industrial footing. It returned 
to this country in the late ’seventies and has 
been manufactured here ever since. The 
estimated world production of celluloid is 
40,000 tons. 

The manufacture of celluloid is conveniently 
divided into three stages : 

(1) The preparation of nitrocellulose. 

(2) Plastification of nitrocellulose with cam- 

phor and shaping into sheets, tubes, and 
rods. 

(3) The finishing processes applied to raw 

celluloid. 

(1) Preparation of Nitrocellulose. — 
Nitrocellulose for the manufacture of celluloid 
is made almost entirely from cotton linters or 
purified wood cellulose. Linters is preferred 
when the best colour is required in the product. 
The percentage of nitrogen considered best for 
celluloid manufacture is from 10-7 to 11-1, 
which requires the use of a nitrating bath con- 
taining from 68-60% of sulphuric acid, and 
20-23% of nitric acid. Different factories have 
their own standards, to which they adhere very 
closely. A patented method for tho nitration 
of wood cellulose in somewhat thick pieces 
specifies a much higher percentage of nitric acid 
and a correspondingly lower percentage of sul- 
phuric acid. The type of nitration apparatus 
used almost universally is one developed -by 
Messrs. E. I. DuPont de Nemours in the 
United States during the war, in which one 
centrifugal takes the product from several 
(usually four) stirring vessels, called mechanical 
dippers. The latter are charged in turn with a 
measured amount of mixed acid at a controlled 
temperature, the charge of opened and dried 
cellulose- is put in, and-the mixture is mechani- 
cally stirred to ensure that the cellulose is 
completely wetted by the acid. At regular 
intervals the stirrers arc emptied in turn into 
the centrifuge on the floor below, the excess of 
nitrating acid is spun out as completely as 
possible, and tho pulp of nitrocellulose with its 
retained acid is discharged through a centre 
orifice in the base of the centrifugal into a 
stream of water in a drowning vessel below. 
The recovered spent acid is treated with the 
correct amount of revivifying acid to reproduce 
the original bath. 

Nitrocellulose so prepared contains a small 
quantity of combined sulphuric acid, and it is 
customary to stabilise it by a short boiling 
process in dilute acid. Tho product is then 
thoroughly washed with water to remove all 
traces of the acid. A bleaching process is 
usually included in tho washing. The nitro- 
cellulose so obtained retains the fibrous nature 
of the original cellulosic material. The combina- 
tion with nitric acid has, however, made it more 
resistant to water and increased its weight. 

On account of the highly inflammable nature 
of dry nitrocellulose it is usual not to dry the 
product. After removing the excess of water 
by a centrifugal process (or sometimes by simple 
draining), the product is dehydrated with ethyl 
alcohol, either in a centrifugal machine or in a 
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special type of press in which nlcohol can be the stroke, while the bed of the machine to 
pumped through the wet nitrocellulose tinder which the block of celluloid is attache! moves to 
pressure. The product is a more or less dense and fro in relation to the knife. The thickness 
cake of nitrocellulose containing from 30 to of sheet is adjusted by the amount by which the 
45% of alcohol, which serves to bring the knife is lowered between each stroke. The 
camphor into solution in the gelatinising process range of thicknesses for cut sheets of celluloid 
which follows. The spent alcohol, containing is normally from 5 thousandths to 500 thou 
the water removed from the nitrocellulose, is sand ths of an inch. 

redistilled and used again. Configurated patterns in celluloid are made by 

(2) Plastification of NiTHOCEtXtrLOSE — many different processes and combinations of 
The gelatinLation of nitrocellulose is almost processes. In some instances the pattern 
invariably earned out with camphor, which depends entirely upon blending materials of 
when dissolved in alcohol possesses the property two or more different colours on the rolls 
of converting fibrous nitrocellulose into a tough Pieces of different shapes and colours may be 
coherent transparent mass. conglomerated by heating under pressure in the 

The quantity of camphor required by the block presses. Imitation grained ivory is made 
industry is enormous, as it forms from one fifth by preparing two batches, slightly different in 
to one-quarter of the weight of commercial tint, running them out into thin sheets, making 
celluloid. Natural camphor, ie. the optically a pile of the sheets containing the two tints 
active product from the Formosan camphor arranged alternately', compressing the pile 
tree, is still available, but it is a Japanese into a block, and cutting it transversely. Of 
Government monopoly and owing to the growth recent years imitations of mother-of-pearl have 
of the Japanese celluloid trade it is not so freely been popular. These are made by mixing into 
available as it used to be. Artificial camphor, the plastic dough either a very fine metal 
usually termed in commerce synthetic camphor, powder m flakes or the so called pearl essence, 
has been on the market for more than 30 j ears, a flaky crystalline material prepared from certain 
and is made now m nearly all the principal fish scales. The dough is extruded under 
celluloid-producing countries. In spite of pre- pressure through a narrow slot and the flakes of 
judice against it among some celluloid users, it metal or pearl essence align themselves parallel 
is weight for weight absolutely as efficient as the to the plane containing the long dimension of 
natural product. the slot and the direction of extrusion, pro 

The product obtained when nitrocellulose, ducing a sheet which has almost a metallic 
camphor and alcohol are thoroughly kneaded m sheen. There are various ways of breaking op 
a warm mixer is a faintly yellow transparent and varying this sheen to produce the character 
dough. It is seldom used without some addition istic appearance of pearl. Composite materials 
of colouring matter. If “ colourless ” trans- in which one of the ingredients m a configura 
parent material is required a small addition of tion is pearly are used considerably m the 
violet colouring matter is added to counteract manufacture of fountain pens and propelling 
the basic yellow. Coloured transparents are pencils. 

made by the addition of soluble dyes or finely (3) Finishing Processes. — The sheets cut 
dispersed pigment colours. Opaque materials from blocks by the planing machines still con- 
require the use of various opaque pigments, such tain a certain amount of the original alcohol, 
as zinc oxide, titanium oxide, artificial lakes, and as the removal of this causes a shrinkage in 
\ermihon, prussian blue and various earth volume it is necessary to dry it out in warn 
colours. The required standard of uniformity stoves. The time occupied by this seasoning 
in colour is very high and the utmost care must process naturally depends on the thickness of the 
be taken to obtain correct colour matching. sheet. Thin sheets are seasoned in a few days. 
From the kneaders the dough goes to high- while sheets £ in. in thickness need sevcial 
pressure filters where it is pressed through fino weeks. The temperature of seasoning is varied 
cahco to remove small dirt and other insoluble according to the material, but is usually about 
impurities. The filter consists of a cylindrical 35°C. 

charging compartment, jacketed with hot water At the end of the seasoning stage the *h«j* 
and closed at the bottom by a thick perforated still bear on the surface the parallel lines left 
metal disc supporting a wire gauze and the by the knives of the planing machines. This w 
filter cloth. The hydrauho pressure applied is usually called a knife-line surface. For many 
approximately 6,000 lb. per Bq. in., and the purposes, for instance when the celluloid W to 
filtered material issues through the perforated be moulded into articles at a later stage, tbu 
disc in the form of long soft rods, which are surface is quite satisfactory, but for other pur 
collected in a suitable receptacle below the poses, as for example, when making transparent 
filter. The filtered material may either go back sheets w hich are to have no further polishing 
to the kneaders or may go straight to heated treatment, a polish is appbed to the full * lZfd 
rolls where it loses alcohol and becomes harder, sheet by heating it under considerable prewum 
It then passes to slower calender rolls on which in contact with a highly polished metal plaw 
it is finally sheeted out in slabs about J-in. thick. The sheet must be warmed to a sufficient ttm- 
which ore cut to the size required for the final perature to allow it to take the surface of * 
block. Several slabs are consolidated in a polishing plate without " flow ing,” i t. squeezing 
heated press, and on cooling a block of celluloid out to a larger area. This process need* * ’ 
is obtained. tremely careful control. Halt metal 

The block is sliced into sheets on a planing used to apply a matt surface in a Strader J* 
machine, in which the kmferemains fixed during The capital cost of block presses and pous s 



CELLULOID. 


•145 


presses is very heavy, and in Great Britain the 
manufacture has been unnecessarily compli- 
cated by the large number of sizes in winch 
sheets are required. Each size needs a special 
block press and special polishing equipment. 
In the United States where there is a larger 
home market and less external competition, 
manufacturers have been able to standardise 
to a large extent on one size of sheet, namely 
50 in. X 20 in. The size of sheet which is most 
economical to manufacture in this country is 
approximately 58 in. X 25 in. when polished 
and trimmed. 

The manufacture of celluloid tubes and rods 
diverges from that of sheets at the rolling stage. 
Two types of tube-making machines are in use, 
and the choice between them depends on a 
variety of circumstances. Both employ ex- 
trusion of the hot plastic material through a 
nozzle fitted with a centred mandrel. In one 
type of machine the pressure is applied hydraulic- 
ally, and in the other type by a geared screw. 
The hydraulic machine has a cylindrical barrel, 
and a cylinder of plastic dough to fit this 
barrel is mado by rolling up a thin sheet off the 
rolls. This cylinder is placed in the barrel of the 
hydraulic machine and is pressed out by 
hydraulic pressure. In the screw machine 
celluloid in pellets is fed through a hopper on 
to a worm screw, mechanically driven, and the 
screw carries the material through the barrel 
of tho machine, compacting it and finally ex- 
truding it as in tho hydraulic machine. In both 
instances tho process is ono of continuous 
thermoplastic moulding. 

Celluloid rods can bo made in the same types 
of machine when required transparent or in 
plain colours. Configurated rods are usually 
cut from blocks by means of special attach- 
ments to tho ordinary slicing machine. Many 
of tho popular configurations in fountain pen 
barrels aro made in this way. 

In every celluloid factory there is a special 
department for dealing with 6crap or waste 
celluloid. This material varies considerably in 
quality, as it may come originally either from 
first or second grade material, and in some 
processes it is possible to keep the scrap much 
cleaner than it is in others. It is one of the 
economic advantages of celluloid that tho scrap 
material, when soaked in alcohol in a warm 
vessel, with or without tho addition of more 
camphor, absorbs tho solvent and becomes once 
again plastic. If this material is kneaded it 
rapidly becomes a plastio dough resembling 
new celluloid, and it is passed through the same 
operations. 

Developments in celluloid manufacture during 
the last 10 years have mostly been in reducing 
tho cost, and in improving the colour, trans- 
parency, and stability to heat and light. 

Successful efforts have been made in U.S.A. 
to produco celluloid from nitrocellulose by a 
continuous process instead of in separate 
batches. A plastic dough of nitrocellulose, 
camphor, and solvent is filtered and continuously 
extruded through an adjustable slot. Special 
measures are taken to control tho rapid shrinkage 
after extrusion. Tho sheet is seasoned in 
continuous lengths and sold in rolb in the 


unpolished state. This process yields a very 
clean product as the handling and exposure of 
the dough are reduced to a minimum. It needs 
a large and steady market in one type of cellu- 
loid, since changes of colour are not easy in 
plant of this type. The product is somewhat 
softer than ordinary celluloid, as a soft mixing 
is required for extrusion. The shrinkage is also 
somewhat different from that of sliced sheet 
celluloid, owing to the different incidence of the 
stresses set up in the seasoning process. 

Pp.opep.ties of Celluloid. — Untinted cellu- 
loid to which no colouring matter of any kind 
has been added is a faintly yellow, transparent, 
tough colloid. Improvements in the colour 
of nitrocellulose during the past few years have 
given a celluloid which is not only practically 
colourless, but resists change of colour on 
exposure to light far better than was at one 
time the case. Hence the most delicate colours 
can be reproduced with a uniformity which is 
not possible in a material the basic colour of 
which varies. 

The specific gravity of unpigmented celluloid 
varies somewhat with the camphor content 
(camphor being the lighter ingredient). The 
lower limit is about 1-35, and a highly pig- 
mented sample may reach a density of 1-8 or 
more. 

It is permanently thermoplastic, that is to 
say, it becomes soft on heating and rigid again 
on cooling. This change may be repeated any 
number of times, and lends itself to a large 
variety of moulding processes. Celluloid begins 
to be noticeably soft at a temperature of about 
80°C., but commercial moulding processes aro 
usually carried out at temperatures from 
I10°-125 C> C. Under these conditions, for in- 
stance, a rectangular blank of celluloid, cut from 
a celluloid sheet, may be moulded directly into 
a comb. Two sheets of celluloid in a divided 
mould may be blown out by compressed air 
introduced between them, producing a hollow 
moulded article firmly joined at the seams. 
Celluloid tubes may be softened in hot water and 
drawn over metal bars or tubes, giving a cover- 
ing which shrinks firmly on to the foundation, 
forming a permanentprotection for it. Celluloid 
may also be sawn, turned or drilled like wood. 
It resists water and moderately strong acid 
solutions, weak alkalis in the cold and practically 
all salt solutions. It is softened by acetone, 
amyl acetate, and generally by the carboxylic 
acid esters of low molecular weight, especially 
when mixed with alcohol. These are used in 
the preparation of celluloid cements. Saturated 
and aromatic hydrocarbons have no visible 
action, but long continued contact leads to some 
extraction of camphor. 

The combination of properties just described 
explains tho popularity of celluloid for toilet 
articles. The material is hygienic and washable, 
and delicate colours or blended colour schemes 
can be carried out with facility. Combs, hair- 
brushes, mirrors, tooth-brushes and shaving- 
brushes are made in largo quantities. It is 
used for the manufacture of knife handles, since 
a very accurate imitation of natural ivory can 
be made, and the celluloid resists the conditions 
of ordinary’ domestic usage. The vogue of the 
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celluloid accumulator case depends on the 
resistance of the material to the hydrolytic 
action of sulphuric acid of accumulator 
strength. A celluloid accumulator case is 
lighter than a glass case and less liable to 
fracture. In the fountain pen trade, which is a 
comparatively new one, use is made of the 
facility with which attractive colour con- 
figurations can be produced, coupled with the 
resistance of celluloid to the action of ink. It is 
used for parts of various toys and games, the 
modern table tennis ball being an excellent 
illustration of how accurately the material can 
be moulded. 

Transparent celluloid becomes donbly refrac- 
tive when strained. Use has been made of this 
property to trace and measure the strains 
in engineering models by constructing them in 
transparent celluloid and examining them in 
polarised light. F. S. 

CELLULOID PLASTICS. 

PHOTOGRAPHIC FILM. 

Historical. — In the following brief survey of 
the history of photographic film, mention is 
made of those processes and materials which 
may be regarded as having started an important 
industry. The photographic manufacturer is 
usually responsible for improvements m films 
themselves. In the case of special processes 
where the film manufacturer is not the original 
inventor, it is usually left to him to work out the 
method of making the film to suit the process. 
The first commercial introduction of flexiblo 
photographic films was due to Eastman who, 
m 1884, developed the roll film system of 
photography. The first films were of paper, 
oiled after development to render it transparent 
for printing. The paper was soon supplanted 
by stripping film, consisting of a paper base, 
layer of collodion on which was coated the 
emulsion, and a layer of solable gelatin between 
the paper and the collodion. The film was 
exposed in the camera m a special roll holder, 
and in 1888 Eastman marketed the first Kodak, 
using the stripping film in lengths giving one 
hundred exposures about 2| in. in diameter. 
In 1889, Heirhenbach, in Eastman ’a I&hnntai^ 
was granted a patent for a method of making a 
transparent, flexible, Tollable film of nitro- 
cellulose, and in that year the first transparent 
roll film was marketed. The apparatus for 
coating the film base was patented in 1892. 
Edison purchased some of the first coating of 
this film in 1889, and used it in the first cine 
raatograph camera, made by converting a 
Kodak. Thus the foundations of the cinemato- 
graph industry were laid. In 1887, Goodwin 
had applied for a patent, issued in 1898, for 
a method of making a cellulose nitrate support 
for photographic emulsions, hut apparently 
Goodwin did not reduce it to practice. In 
1884, Car butt began the manufacture of film 
coated on thick, small sheets of celluloid, to 
replace plates of glass. This was not a flexible 
reliable film. In 1891, Eastman improved his 
roll film so that it could be loaded in daylight 
by the user. In 1892, he coated the film with 
a layer of gelatin containing conducting salts 
so as to eliminate the effects of the discharge of 


static electricity which occurred when the 
was handled. In 1896, Eastman introduced 
the first positive cinematograph film. Prior to 
this, pictures had been made on negative film 
which could be obtained in 100 ft. lengths, but 
it did not have adequate properties for pro- 
jection. At this time, Eastman sold uncosted 
film base to certain experimenters in Europe, 
notably the Lumifere brothers in France, who 
coated it with emulsion themselves. In 190J, 
Eastman introduced a film having a gelatin 
coating on the back to counteract turling 
tendency. It had been patented in 1590 
Eastman commenced the manufacture of the 
first commercially practical safety film of cella 
lose acetate in 1908. In 1909, the additivs 
Kinemacolor process of Smith-Urban ww 
launched as the first commercialised process of 
cinematography m colours. The Gaumont 
additive colour process was put out m 1912 
This and Kinemacolor failed after a relative!) 
short life. In 1912, the Eastman Kodak 
Company put out cut sheet film and in 
1913 the same Company introduced pan 
chromatic negative cinematograph film on 
the general market, although they had prt 
viously made it for certain colour processes, 
notably the Gaumont process. The first sag 
gestion of double-coated film for colour photo- 
graphy was made by Lewy in 1911, but it was 
not used commercially until 1912. Tho btpack 
method of obtaining two-colour separation 
negatives appears to have been first applied to 
cinematography by Brewster, in patents issued 
in 1915 and 1917. The original Kodachrome 
process was worked out by Capstaff in the East- 
man Kodak laboratories in 1915, and about this 
time the first Technicolor films appeared, made 
by an additive two-colour process. Technicolor 
used a two colour subtractive process in 1923, 
two films being cemented back to back. Ia 
1928, they changed to a two-colour imbibition 
process, and to the three colour process in 1933 
In 1919, the Eastman Kodak Company intro- 
duced the modem type of double-coated (dupli 
tised) X-ray film. In 1919, the Eastman Kodak 
Company started the practice of edge printing 
vtib latent footage numbers, 
and in 1921, they introduced films with tinted 
base. In 1923, the same company brought out 
16 mm. reversal film end apparatus for amateur 
cinematography, and in 1928, commercialised 
the first colour process using lenticular embossed 
film — the Kodacolor process — which was lol 
lowed in 1935 by Kodachrome, the first simple 
process of subtractive colour cinematography 
for amateur use. Colour film using a screen 
mosaic was put out by the Lignose Company 
and was followed by a similar film in the form 
of roll and cut sheet by the Agfa Company u> 
the Lumifere Company. The first cinema to 
graph film in colours using a screen mow" 
was put on the market by Dufaycolor in • 
The Gasparcolor process of colour photograp J 
was first made available in 1934. In 1936, t 
Agfacolor process was put out. It is similar 
its general principles to the Kodachrome p 
cess. The year 1928 marked a revolution m tM 
cinematograph field with the commercial in 
duction of sound films. 
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Cellulose Esters for Film. — At the present 
time photographic films are chiefly made of 
cellulose nitrate, or cellulose acetate in the case 
of the so-called safety film. In some cases the 
acetate contains a small percentage of nitrate or 
nitroacetate. Cotton is exclusively used as 
the source of cellulose. It is in the form of 
linters, which are the short fibres which remain 
on the hull of the cotton seed after the long 
fibres used in the textile industry have been 
removed. In the preparation of the cotton 
prior to esterification it is first mechanically 
cleaned to free it from dust, mineral particles, 
etc., and then degreased by heating under 
pressure with dilute alkali. It is then washed' 
and bleached by careful treatment with chloride 
of lime or sodium hypochlorite, treated with 
dilute hydrochloric or sulphuric acid to remove 
the last traces of the bleaching material and 
iron, and washed again. The water is centrifuged 
off and the cotton is then conditioned to a 
uniform low moisture content. 

In order to ensure satisfactory properties for 
coating in the form of thin film and adequate 
mechanical properties when finished, the cellu- 
lose must be nitrated with extreme care. 
The properties of the nitrocellulose obtained 
depend on the nature of the cotton, the com- 
position of the acid mixture, the relative pro- 
portions of acid to cellulose, the temperature, 
and the time of reaction. Nitration is carried 
out with a mixture of sulphuric acid, nitric 
acid, and water, and to produco the greatest 
uniformity of product it is usually done in a 
nitration centrifuge. This ensures that all the 
cellulose particles como into contact quickly 
and simultaneously with the acid mixture. 
A nitration mixture stated by Clement and 
Riviere to give a good quality nitrocellulose 
consists of : sulphuric acid, 61-9% ; nitric acid, 
22-4% ; water, 15-7%. For 280 g. of cotton, 
10 kg. of solution are used at 40 < ’C., and nitration 
lasts about 15 minutes. Nitration is so con- 
trolled that a nitrocellulose with a nitrogen 
content of ll-5-12-2% results. The viscosity 
is kept medium, and the product should be as 
colourless as possible so that the final film is 
clear and transparent. After nitration is com- 
pleted, the nitrocellulose is centrifuged, very 
thoroughly washed, and bleached. Thorough 
washing is essential in order to remove all traces 
of acid, so as to ensure stability of the final film 
and freedom from action on the photographic 
emulsion which is coated on it. At the end of 
nitration the acid is run off, and the nitro- 
cellulose is drained or centrifuged and passed 
to a washing vessel in which it is broken up and 
kept in motion for a long time. It is then 
stabilised in dilute alkalino carbonate or bicar- 
bonate which neutralises the last traces of acid, 
an operation taking considerable time, then 
bleached in hypochlorite, treated with bisul- 
phite and hydrochloric acid, and then very 
thoroughly washed again. After washing, the 
material is formed into cakes and pressed. It 
is stored wet until ready for use, when it is 
broken up and dehydrated with alcohol, the 
excess of which may be finally removed in a 
press or special centrifuge. 

In the preparation of cellulose acetate, the 
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hydrocellulose prepared from cotton is acety- 
lated by acetic anhydride in the presence of a 
catalyst, usually sulphuric acid. In order to 
form cellulose triacetate, the theoretical pro- 
portions are 2 mols. of cellulose to 3 mols. of 
acetic anhydride. In this reaction, 3 mols. of 
water are formed and require 3 mols. more of 
acetic anhydride to combine with them. In 
practice a still higher proportion of acetic 
anhydride is necessary. In general, the propor- 
tions of the reactants are somewhat as follows : 
cellulose, 1 part ; acetic anhydride, 4 parts ; 
sulphuric acid catalyst, 0T part ; as diluent, 
4 parts of acetic acid are added. A large number 
of variations have been proposed to control the 
course of acetylation. Further, many catalysts 
have been proposed to replace or supplement the 
sulphuric acid. These include other mineral 
acids, acid chlorides, halogens, neutral salts 
such as zinc chloride, and organic salts such as 
hydrazine sulphate. 

Acetylation is carried out in a mixing and 
kneading machine, the proportions of the in- 
gredients being of the following order (Ulmann) : 
cellulose, 20 kg. ; acetic anhydride, 70 kg. ; 
glacial acetic acid, 70 kg. About 2 kg. of sul- 
phuric acid (66°B6.) are added in small quantities 
at a time, the mixture being cooled to about 
room temperature. The reaction takes many 
hours, after which a product consisting mainly 
of cellulose triacetate results. When this is 
precipitated with water, it has an acetic acid 
content of slightly under the theoretical value 
of 62-5%. If it is desired to isolate the triace- 
tate, the reaction mixture is poured into water, 
and a white fibrous mass separates, which can 
be washed freo of acid and dried at about 40°C. 
In practice it is very rare that the triacetate 
is separated, since it is soluble in chloroform 
but not in acetone or methyl acetate. In order 
to produce the acetone-soluble variety it is 
necessary to reduce the acetic acid content to 
52-6% or somewhat less by hydrolysis. To 
effect this, water, dilute sulphuric acid, or other 
reagents are added to the mixture in the acetyla- 
tion vessel, the temperature and time of action 
being carefully controlled. The hydrolysed 
cellulose acetate is then precipitated from the 
acetic acid solution by pouring into water, 
centrifuged to remove the bulk of the dilute acid, 
washed thoroughly, dried, and ground up. In 
order to render the manufacture of cellulose 
acetate as economical as possible, the industry 
pays particular attention to the recovery and 
concentration of the acetic acid. 

Another method for the production of cellulose 
acetate which is not used to much extent in the 
photographic industry gives the so-called 
fibrous acetate, in the preparation of which the 
cellulose fibres themselves are acctylnted with- 
out going into solution. The reaction takes 
place in the presence of a liquid, such as benzene, 
in which cellulose acetate is insoluble. An 
objection to the product obtained in this way 
lies in the difficulty of carrying out the partial 
deacctylntion uniformly through the mixture, 
the resulting acetate generally being only poorly 
soluble in acetone or methyl acetate. 

Nitroacetate is used to some extent in the 
manufacture of film, and is prepared by the 
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acetylation of cellulose nit ra te. Esters of higher 
organic acids than acetic acid, and mixed esters 
of organic acids, such as cellulose acetate- 
propionate, acetate-butyrate, acetate-stearate, 
etc., hare been closely studied for use in film 
manufacture. The simplest general methods for 
the preparation of the mixed esters depend on 
the use of two acid anhydrides in the presence 
of a condensation matenaL Cellulose ethers and 
synthetic resm3 hare been tbe subject of much 
investigation for use in making film, but they 
have not been u«ed in practice up to the present 
time. Gelatin has been proposed, but has the 
disadvantage of swelling in water. Although 
this can be reduced by hardening, gelatm sup- 
ports hav e not found favour. Casern has been 
proposed but never used, and much study has 
been de\ oted to cellulose regenerated from cellu- 
lose xanthogenate. Although it has good 
mechanical properties, it swells readily and 
undergoes deformation in aqueous photographic 
solutions, and often contains traces of residual 
sulphur, and is, therefore, not suitable for use 
in practice. 

Film Base Compositions. — In the manu- 
facture of film base in sheet form, the cellulose 
ester in solution is coated on a smooth surface 
in the form of a thin layer, and sets to a skin 
or film as the solvents evaporate. The skin is 
peeled from the surface, dried, and cured. The 
preparation of the solution involves : (1) selec- 
tion of the solvent, which usually consists of a 
mixture of components of different volatility, 
including sometimes a non solvent ; (2) addition 
of plasticisers of low volatility to ensure that the 
finished film shall have flexibility and elasticity ; 
(3) filtration. An enormous number of patents 
have been issued for compositions and solvents 
for film coating solutions, or “ dope ” as they 
are called in the industry. The number of 
manufacturers of film base is very small — 
probably not more than ten — and the composi- 
tion of the dopes actually used is in the domain 
of manufacturing secrets. They are, however, 
probably variants of certain general types. A 
typical solvent for nitrate is a mixture of methyl 
or ethy 1 alcohol with ether, or methyl alcohol 
awl acetone, together with, a third material, 
such as amyl alcohol, amyl acetate, or butyl 
alcohol to reduce the rate of removal of solvent 
on drying. In the absence of these high-boilers 
condensation of atmospheric water may produce 
so-called blushing. Other solvent mixtures con- 
tain aniline, methyl acetate, other esters, higher 
alcohols, various ethers, hydrocarbons, and oils. 
The plasticiser used practically exclusively with 
nitrate is camphor, in quantity depending on the 
desired characteristics of the finished product, 
but usually of the order of 10-20% of the weight 
of the nitrocellulose. Many other plasticisere 
have been proposed, including tnphenyl and 
tncresyl phosphate (which also reduce in- 
flammability). and castor oil is sometimes 
added. Clement and Riviere give the following 
formula : For coating on glass tables : nitro- 
cellulose, 8 8% ; camphor, 3 02% ; methyl 
alcohol, 41*1% ; ether, 33-0% ; amyl alcohol 
9 0%. For coating on » rotating w heel : 
nitrocellulose, 17-75% ; acetone, 83% ; amyl 
alcohol, 1 0% ; camphor, 3 25%. In the latter 


case, castor oil is sometimes added in unotat 
not exceeding 5% of the weight of the mtro. 
cellulose. 

The properties of cellulose acetate vary K 
much according to the method of preparatia 
that the choice of solvent and plasticiser tanaot 
be given except in very general terms. Tie 
solvent most used is acetone, but among tl» 
many others which have been proposed and ustd 
in practice are methyl acetate, methyl formtU. 
methyl ethyl ketone, chlorohydrocarbons, amyl 
acetate, diacetone alcohol, and ethyl acetate. 
The choice depends on the acetate and the 
method of coating the film base. It is common 
practice to add to the solvent a non solvent for 
cellulose acetate, such as alcohol and viler, 
to control the rate of evaporation of the sototM 
when the base is coated. The most important 
plasticisers for cellulose acetate are the estrn 
of orthophosphoric acid, particularly triphenyl 
and tncresyl phosphate. Others include este'n 
of phthalic acid, monoacetin, diacetin, tad 
triacetm, sulphones and sulphomc esters. Jin 
tures are generally employed. Many other addi 
tions have been proposed, such as dyes to control 
the colour of the film, nitrocellulose, fillers, and 
ultra-violet absorbing materials. Although in 
many ways the preparation of cellulose acetate 
film base resembles that of cellulose acetate 
sheeting for other purposes, the choice of 
materials used in the manufacture is restricted 
by the fact that the material is ultimately to be 
coated with photographic emulsion, which u 
extremely susceptible to the action of traces of 
many chemicals. For coating, tbe solution 
contains 12-16% of acetate, and the plasticiser 
is present in amounts up to about 40% of tbe 
dry cellulose acetate, the actual amount depend 
ing on circumstances. 

After the solutions of cellulose nitrate or 
acetate are prepared in proportions suitable for 
coating, they are carefully filtered underpressure 
in order to ensure complete transparency and 
uniformity of the finished film base. Bubbles 
of air are removed and the filtered dope is stored 
m containers from which it can be piped to the 
coating machines. 

Frua Base. — O f the tro methods for 
preparing a film from the solution of cellulose 
esters, evaporation of the solvent or precipita- 
tion, only the former is used to any extent w 
practice. The solution is coated on a polished 
surface, uniform so as to avoid irregularities in 
thickness of the film, and is stripped from the 
surface when it is strong enough to be handled 
The earliest films u ere coated on horizontal p' ste 
glass tables, up to 200 ft. long, about 3 ft. 6 ® 
wide, and made of separate sheets of P*®-' 
gks3 cemented together end to end. The dope 
was applied from a trough with a spreader, 
which was slowly moved along the glass table 
from one end to the other. After coating. 
table was covered in such a way that it wM w * 
channel through which air was passed to dr* 
off the solvents. Nitrocellulose film from 
alcohol required about 6 hours for drying, 
cellulose acetate from acetone required due 
longer. The photographic emulsion was us° 7 
coated on the film base before it was stripped 
from the glass. Coating film base on g 
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tables had a number of drawbacks, chief of 
which were the difficulty of obtaining material 
of uniform thickness and the limit to the length 
of base which could bo coated. Although this 
was satisfactory for small films such as cut film 
and roll film, it was unsatisfactory for cinemato- 
graph film because several splices would be 
required to make up the lengths of 1,000 ft. 
or more used in cinematograph practice. Glass 
tables are no longer used for film base manu- 
facture. 

Film base coating machines used at the present 
time have a rotating endless polished surface on 
which the base is coated, and from which it can 
be stripped continuously so as to provide single 
lengths up to 2,000 ft. in length. Two types of 
rotating machine arc employed. One of these 
(Fig. 1) uses an endless metal band of polished 
copper, nickel, or silver some 20 in. nude and 
40 ft. or more long, supported in a horizontal loop 
between two drums one of which is driven. The 
other type (Fig. 2) consists of a metal drum, wheel 
or ring with a wide, flat, polished rim, driven 
about an axle, or by wheels or rollers which 
support it internally, or from below externally. 
The drums are made up to about 20 ft. in dia- 
meter, nnd the surface is of iron or copper on 
which is plated silver, nickel or chromium, 
polished so as to give a surface of a high degree 
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Fro. 1. — Diagram of Baud Coating 
Machine for Making Film Base. 


of regularity. Sometimes a polished surface is 
supplied by coating the metal with a layer of 
gelatin containing some glycerin nnd methyl 
alcohol. This is usually done with the band 
machines. The coating band or drum is en- 
closed in a housing through which air is eifeu- 
lated to permit the solvents to evaporate. They 
are drawn off and carried to a recovery plant. 
The dope is applied to the band or drum from a 
stationary trough provided with a spreader, 
the dope being fed to the coating trough by 
pipe lino from the storage tanks. The band or 
drum, which may be heated internally, is 
rotated very slowly so that after it has made 
practically a complete revolution, the film can 
be stripped off nnd then passed over a number 
of small heated drums, to be finally wound up 
on a shaft at the end of the machine. The 
rotational speed of the drum depends on its 
size, the amount of dope coated, the rate of 
circulation of the air nnd its temperature. 
Drum machines used in practice give film base 
up to nearly CO in. wide nnd 2,000 ft. long. 
The bulk of the film bnse manufactured in the 
world at tho present time is made on drum 
machines. The same types of machine are 
used for coating both nitrate and acetate base, 
although the rate of rotation of the machines 
and the temperature of the drums are determined 
by the nature of the material coated. Extreme 
Vor.. II.— 29 


care is taken to ensure freedom from dust and 
other impurities, and the surface of the drum 
is so prepared and the machine operated with 
such regularity as to ensure the utmost uni- 
formity of thickness of the coated base. The 
thickness of the film is determined by tho vis- 
cosity of the dope, the type and adjustment 
of the spreader, and the rate at which the drum 
is rotated. Film base used in practice varies 
in thickness according to the purpose for which 
the film is to be used, ranging from about 
3/1,000 in. in the case of roll film to about 8/1,000 
in. for cut sheet film. Special precautions are 
usually taken to prevent the building up of 
charges of static electricity in the machine, and 
the concentration of solvent vapours is kept 
below the explosive limit so that there will be 
no danger of explosion if a static discharge 
occurs. Before it is stripped from the drum the 
film ma}’ be subjected to treating solutions to 
modify its curling tendency, or change its colour, 
resistance to moisture, electrical properties, etc. 
While it is passing through the curing chambers, 
it may be treated with baths, such as water, to 
remove a small percentage of residual solvent 
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Fio, 2 . — Diaobam of Wheel Coating 
Machine for Making Film Base. 


or other constituent of the dope, or through 
solutions or liquids which modify its molecular 
structure. 

When the band or drum is coated with a gelatin 
layer to provide the smooth surface on which 
the dope is coated, the surface can readily he 
renewed at intervals by recoating with gelatin. 
In the case of those machines in which tho cellu- 
lose ester solution is coated directly on polished 
metal, the metal surface itself must be renewed 
periodically by electroplating nnd polishing. 
The handling of the very heavy drum for 
replating and polishing is'a difficult task re- 
quiring extreme care, nnd usually there is an 
electroplating department directly associated 
with the film-base-making department for 
carrying out this work. Another auxiliary 
plnnt which operates directly in conjunction 
with the base-making plant is that for solvent 
recovery. Many processes for solvent recovery 
are used in practice, including adsorption by 
sulphuric acid, active clmrocal, silica gel, and 
the Bregeat cresol method. 

Preparation of Base for Emulsion Coat- 
ing. — In the processing of photographic film. 
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it is passed through ft number of aqueous solu 
twins which faiw the gel it in of the sensitive 
emulsion to mu II awl tuwl to strip from the 
eupjMirt. If it is costed direitly on cellulose 
nitrate or ,ui tate, it will strip very readily, 
oven before it lias been treated in aqueous 
solutions. It i>, therefore, neecs* in, to prepare 
the support in order to ensure ailhcsion of the 
emulsion. r l]ns is done m n number of nays, 
uther by Mime treat mint of the surf ice of the 
film b.i«c itself or In coating it with n thiu layer 
of inatirinl known ns a substratum, or *' sub ” 
Hie treatment vanes according to the diameter 
of the nitrate or nictate employed. It lias been 
proposed to hvilroly«e the surface of the Him 
tty menus of dilute and or alkali, and to coat it 
with a layer of weak collodion, silicate, gelatin, 
pi tin or bichronifttcd, or invert albumen in 
alcohol The usual practice, however, i« to 
co it the base with a solution containing gelatin 
which is tuadc to adhere to the support by sol- 
vents for the support. \\ lun a gelatin lay cr of 
satisfactory adhesion is applied, the emulsion 
itself will stick to the gelatin, which thus acts 
ns mi adhesive binding emulsion layer and sup 
port together. A typical sub will contain the 
follow mg ingredients (1) an adhesive, usually 
gel itin , (2) a solvent lor the adhesive, generally 
water, and st.ibih-.cn>, such as organic acids , 
(3) solvents for the support tending to dissolve 
it or muse it to swell, smh as methyl and ethyl 
alcohol, Julie estcis, acetone, acids, etc. In 
Home cases, purtn ul iriy that of cellulose acetate, 
it is necessary to use multiple sub coatings, the 
first one being, for instance, of cellulose nitrate, 
in a very thin layer Since the sub contains 
solve nts and non solvents for both the cellulose 
ester and gelatin, it is necessary to select the 
relative proportions of the constituents with 
evtre me care' Morcov er, they must be of such a 
nature* and degree of purity that they do not 
mlv i f'Clv a fleet the eniuNion to be coated on 
tin m 'I he sub is usually applied on the film as 
it ionics from the bust making machine. It is 
applied in an extremely thin layer by immersing 
the* film in it, or by an application roller, and is 
lined by cold or warm air 

(Attain Atm*, used mainly in the photo- 
engraving industry, ami known ns stripping 
films, are* del da ratcly made so that the emulsion 
liye*r tan be* stripped from the ba*.e, usually of 
pnpir, «lftd transferred to another support, 
biieh as gli*s. These ure of two kinds, dry 
stripping and wet stripping films. The emulsion 
layer in the case* of the iornier can lie readily 
peek el ft mil the b*i«c after processing and drying. 
In the wet stripping films, the emulsion layer 
ionics away from tin* support in the living bath 
or wash water The imulsion is generally 
mated on a thin “skin" of hirdcncd gelatin, 
cellulose nitrate or acetate, to givcit sufficient 
rigidity for handling after stripping. 11ns skin 
must be permeable to water in the case of wet 
stripping film. It is cemented to the support 
by on adhesive which holds it in place until 
stripping is desired. Such a cement may con- 
tain resins in the rase of dry- stripping /dm, or 
soluble gelatin in the case of wet stripping film. 

Evtt-LMiis Co IT! \ei. — The photographic sensj. 
tive liver, known os the emulsion, which is < 


costed on the prepared film base, consists of a 
suspcn-ion of silver halide m gelatin. In the 
case of negative films, the halide i» silver bromide 
containing a few per cent of silver iodide. 
Films ii'Ctl for preparing positive transparencies 
usually hav r silver bromide as the light sensitive 
medium, and in some caves this has a verv small 
content ot silver iodide. Some special films 
used in the photo engrav mg industry consist 
mainly of silver chloride in gelxtin. iftic silver 
li links nre* present in the form of minute crystals, 
the size distribution of which varies according to 
the nature of the emulsion. The largest nre in 
negative emulsions, and may range up to 3-4p 
in diamitcr. The silver salts are preupitated 
in a warm liquid gelatin solution, and undergo 
a scries of digestion and ripening processes ns a 
result of w Inch the emulsion gaum the desired 
sensitivity to light, and the ability to reproduce 
tone values in the required way. Special addi- 
tions nre made to the emulsion to cause it to 
harden after it is dried, to giv o it the correct 
surface tension to enable it to be coated uni 
formly on the film base, and to ensure suitable 
keeping quality If it is desired to make tha 
emulsion respond to light of wave lengths other 
than the ultra violet, violet, and blue to which 
the silver bromide is itself sensitive, dyes of 
the cyanine class nre neliled. The concentration 
of the gelatin in an emulsion ready for coating 
on film varies according to the purpose for which 
the film is to be used, but a figure of 9% may be 
taken as typical Similarly, the ratio of silver 
salts to gelatin varies, but 3 paits of gelatin to 
1 of silver halide is a common ratio. 

The steps involved in preparing emulsion 
eoated film are. (1) coating tho emulsion, 

(2) chilling to cause the gelatin to set as soon as 
jiossiblc after the emulsion is applied to the film, 

(3) drying. In an emulsion coating machine 
(Fig. 3), the roll of film base is arranged at one 
end and the film passes continuously round a 
roller which dips into a trough of warm, melted 
emulsion, or which is in contact with an apphea 
tion roller which itself dips into the emulsion 
The emulsion, previously melted, is fed con 
tinuously to the trough, at a suitable tempera- 
ture After the emulsion is applied, the him is 
passed round a chilled cylinder of large diameter 
or through a chill box in w hith cold air cools tho 
gelatin so that it sets rapidly and lias no tendency 
to flow during subsequent operations. When 
the setting is complete, the film is looped by a 
mechanical device on to long rods or stubs which 
travel slowly and horizontally down a long 
drying alley supplied with conditioned air. 
The festoons of film, some 8 or 9 ft. deep, travel 
bodily along the alley, and as drying proceeds, 
the temperature of the nir is slowly and progres- 
sively raised until the emulsion coating is dry. 
Then the temperature further along the alley is 
allowed to fall gridually*, until the coated mm 
is finallv reeled into large rolls, and then put 
into light tight boxes where it is stored prior 
to cutting into sheets or slitting into rolls. 
Great care is taken m coating the emulsion on 
the Rim base to ensure perfect uniformity of 
thickness of the coating. The thickness itself 
is regulated ns desired by varying the viscosity 
of the emulsion In controlling its temperature, 
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and by appropriately selecting the speed of 
coating. The rate and uniformity of drying of 
the film play an important part in determining 
its properties, so that the air in the drying alley 
is carefully conditioned as to humidity and 
temperature, a recirculating system being 
generally employed. The air is kept scrupulously 
clean by scrubbers, washers, and filters, since the 
photographic emulsion is very sensitive to dust, 
particles of metal such as iron and copper, sul- 
phur, and gaseous impurities such as hydrogen 
sulphide, nitrous oxide, etc. ; further, abrasion 
of the film surface and static electric discharges 
must be avoided, since these produce markings 
on the film when it is developed. 

Another type of emulsion coating-machine 
lias been used in which the film is not dried in 
loops, but is gripped at the edges and carried 
horizontally through the drying tunnel. In a 
machine of this type, the film can be coated on 
both sides, which are dried simultaneously. In 
the normal type it is usually necessary to coat 
and dry one side first and then follow with the 
other. In present-day film manufacture, many 
films carry more than one coating, either on one 
or both sides of the base. Some double-coated 



Fig. 3. — Diagram of Film Emulsion 
Coating Plant. 


films carry two superimposed emulsion coatings 
on one side, the lower being an emulsion 
capable of giving high contrast, while the upper 
is a fast emulsion of lower contrast. The 
double coating extends the exposure latitude 
of the film. The most complex multiple-coated 
film is of the typo used in the Kodachrome pro- 
cess of colour photography. Three emulsions 
are coated on one side of the base and are 
separated by gelatin intcrcoatings, making five 
layers in all. The total overall thickness is 
about equal to the thickness of a single normal 
coating, i.e., about 8/10,000 in. It is possible 
to coat emulsion on film in a layer less than 
2/10,000 in. thick, and of such a high degree 
of uniformity that no effects duo to thickness 
variation can be picked up photographically. 

SrF.ciAL Coatings. — Many films have the 
emulsion layer overcoatcd with a thin layer of 
gelatin to protect them against the effects of 
abrasion. Some films, such as those employed 
in certain processes of colour photography, and 
in X-ray photography, have emulsion coated 
on both sides of the base, and may, in addition, 
bo overcoatcd with gelatin. In addition to the 
emulsion and its overcoating layer, other coat- 
ings arc applied to film for special purposes. 
The so-called X.C. or non-curling coating is a 
layer of gelatin applied to the side of the base 
opposite to that carrying the emulsion, to offset 
the tendency of the film to curl when the emul- 
sion is dried after development. Coatings are 
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also applied to counteract halation, or spreading 
of the image duo to multiple reflections inside 
the support. These layers are intended to 
reduce the intensity of the photographically 
effective light reflected back into the emulsion 
from the back side of the base. They are very 
often of gelatin containing dyes which absorb 
much of the light to which the emulsion is sensi- 
tive. For example, in the case of the so-called 
orthochromatie films, which are sensitive to 
blue and green, the antihalation dye is red in 
colour. A black dye would be best suited for 
panchromatic films, which respond to all visible 
colours. No black dyes are known, however, 
which are suitable from all points of view, and 
it is customary to employ a high density of green 
dye. Mixtures of dyes have also been proposed, 
the absorption maximum of one corresponding 
to the absorption minimum of the other. The 
dyes must have the property of bleaching in one 
of the solutions used in processing the film after 
exposure, and they must not affect the properties 
of the developer, nor the emulsion with which 
they are in contact when the film is rolled. 
Antihalation layers of gelatin containing dyes 
also servo the purpose of non-curling coatings. 
In some cases, particularly that of negative cine- 
matograph film, a black antihalation layer is 
applied integrally with the back side of the 
base. Tin's dye is not bleached in processing, 
but since it is used only on negative materials, 
its presence in the finished film merely serves 
to increase somewhat the exposure required in 
printing. In addition to dyes, other materials 
have been used as antihalation layers, notably 
manganese dioxide, which has been used between 
the emulsion and the base, but is usually em- 
ployed coated in gelatin on the back side of the 
film. Dyes have been applied to the back of the 
base without the use of any colloid medium like 
gelatin, being coated from a solvent and buffed 
after drying. Dyes in gelatin are sometimes 
overcoatcd on the emulsion or on the back of 
the base to act as light filters in film for colour 
photography. Other coatings which have been 
applied to the back of the film are gelatin layers’ 
containing inert salts to render them electrically 
conducting in order to prevent the accumulation 
of charges of static electricity when the film is 
handled, and gelatin layers containing some 
diffusing material to permit retouching. 

Sfucial Films. — Various types of film sup- 
port are available for special purposes. During 
the first 30 years of film manufacture, cellulose 
nitrate film was used practically exclusively. 
Since the War, however, the use of acetate film 
has been steadily increasing, although nitrate is 
still used almost entirely in the professional 
cinematography industry. Cellulose acetate 
film has the great advantage of low inflamma- 
bility, presenting a hazard which is no greater 
than that of newspaper or the textile materials 
which are in common use. However, in the 
past, it was considered to be unsuited for many 
purposes since its physical and mechanical 
properties were not equal to those of nitrate 
film. In recent years much improvement in its 
properties has been attained, and it is finding 
increased use, particularly where the fire hazard 
offered by nitrate film is a serious drawback. 
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For instance, acetate film is used exclusively for 
substandard cinematograph film which is used 
by amateurs in the home, and in schools, and 
al«o for cinematograph Elms of standard 35 mm 
width employed for teaching purposes. The 
bulk of X ray film is on acetate base, and there 
is a rapidly grow ing use of acetate for film used 
for professional photography, particularly in the 
United States 

Film u«ed for topographic survey and mapping 
purposes should have the minimum of shrinkage, 
which should be equal in both directions. The 
baso used for 6uch film, for example for aerial 
cameras, is largely of the low shrinkage 
variety, the characteristics being produced by 
special treatment during manufacture Paper 
is notoriously a amble in its dimensional char- 
acteristics, and for mapping and other purposes 
where dimenional variations must be kept to a 
minimum, cubstitutes for paper have been made 
consisting of low shrinkage film base in which 
a white pigment is incorporated. Another 
material for the same purpose consists of paper 
with a thin sheet of aluminium laminate d m it. 
In tho cinematograph industry it has been 
common practice to use film on tinted base 
so as to give the projected picture a colour sup 
posed to bo ui harmony with the feeling of the 
picture Tor this purpose, dj es are incorporated 
in tho support With the introduction of sound 
films, care had to be taken to ensure that the 
dyes used for tinting the base did not absorb the 
radiations which it was necessary for the film 
to transmit to tho photo electric cell used in the 
sound reproducing equipment With the pre- 
sent practice of using cells having their response 
mainly in the infra red this problem is easier of 
solution, since thero aro relatively few dyes 
which have strong infra-red absorption. Films 
which are to bo used for display purposes in 
illuminators are Bomctimes made translucent 
by the incorporation of white pigment. Base 
for X-ray film has been dyed blue to enhance 
a lsual contrast when the film is viewed. Special 
films havo been made for mechanical methods of 
sound recording in which the film baso is 
coated with an opaque layer which 13 readily 
scratched by a stylus For cinematography 
it has often been proposed to reinforce the edges 
of tho film in various ways in tho attempt to 
increase its projection life, but this is not done 
to any extent in practice Films have also 
been made in which a bright metallic reflecting 
layer is coated between the base and the 
emulsion to enable projection to be carried out 
by reflected instead of transmitted bght. One 
of the earliest attempts to make a “ safety ” 
film w ns done in this way, the support being of 
paper. Projection by reflection is not carried 
out in cinematograph practice. So called w ater- 
proof paper, made by impregnating paper with 
a solution of cellulose nitrate, is u«ed inapparatus 
from which it is desired to deliver developed 
and dried prints in the shortest possible time, 
such as automatic cameras used for portraiture, 
and also w here it is desired to reduce the shrink- 
age of tho paper itself. For the purpose of 
increasing the mechanical strength of film it has 
been proposed to laminate several layers of thin 
base. This has been done, for instance, in the 
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case of films of regenerated cellulose, and J 
though it results in a product of exceptronal 
mechanical strength, the dimensional variations 
which such a material undergoes when it « 
handled in photographic processing solution! 
prevent its use in practice. Films hue been 
made in which the support itself is sensitised 
instead of being coated with a gelatin emulsion. 
For instance, silver bromide has been precipi 
tated in a film of regenerated cellulose by bathing 
it successively in silver nitrate and potassium 
bromide. Such a preparation has such a low 
sensitivity that it can but rarely bo used in 
practice. Regenerated cellulose films have hern 
sensitised in the mass by light sensitive diuo 
compounds in the presence of couplin'* com 
ponents. The diazo compound is destroyed by 
light, and when the film is made alkaline, as in 
an atmosphere of ammonia vapour, the unchanged 
diazo material links up with the coupler and 
glees a direct positive dye image. Film of tbs 
land is used to some extent in practice. It 
usually has such a thin support that a special 
type of projector is required to project It It 
lias also been proposed many times to sensitise 
film with bichromated gelatin instead of a 
gelatin silver halide emulsion, but such films dj 
not find favour, on account of their low sensi 
tivity. Tor colour photography, it has been 
proposed to hydrolyse the surface of a eehlksq 
acetate film and sensitise it with bichromate 
Such a film, exposed to short wave length light, 
shows differential absorption for dyes so that a 
coloured image can be obtained. Thm collodion 
films carrying a layer of gelatin incorporating 
a pigment have been used for colour photo 
graphy, the gelatin being sensitised before me 
by bathing in bichromate solution. 

Colo on Photocr-sphy — A number of different 
types of film are used, according to the proofs 
It is only in the case of films which serve as the 
final or intermediate support for the coloured 
image or one of the partial colour images-thet 
special properties are required. The films used 
for preparing the negatives or positives era 
ployed for making a colour print on some other 
material , and not required to carry any of the 
colours themselves, aro of the same typo asB'td 
in normal photography, although the emulsion 
or support may carry filter dyes and antihalation 
layers, and may be sensitised to colour by means 
of sensitising dyes. In the case of film® on 
which gelatin relief images are prepared from 
the separation negatives, and stained withdjw 
to give a colour transparency by mount mg in 
superposition, or a colour print on paper 
film by transferring the dyes from the rebel* 
by imbibition, it is necessary' so to prepare the 
support or substratum that it is not stained b) 
the dye3. If it is stained, the high tight* and 
whites of the colour print wilt also be stained 
In the so called screen unit processes of colour 
photography, the film carries a mosaio o 
minute dy ed elements between the emufew® 
and the support. These are placed on the sup 
port either by sprinkling on coloured partifif, 
or by ruling, or photographically P nfl j2; 
through fine line screens. In the first caw, u> 
film is coated with an adhesive layer, and on tn 
are sprinkled minute particles dyed blue, P e ' 
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and red. The Filmeolor process of Lumiere 
employs dyed starch grains, which are rolled 
flat and tho interstices between them filled with 
a black pigment. The Agfa Ultra Colour film 
is prepared by using small dyed resin particles 
which are rolled so that they come into contact 
at tho edges, and no black filling is required. 
The Dufaycolor film employs a screen made of 
dyes, tho proper balance of the three colours 
being obtained by dyeing uniformly in one 
colour, ruling a fine line resist, bleaching the 
dye between the resist, applying a second dye 
followed by another resist, and so on. After 
the screen lias been applied to the support, it is 
varnished to isolate it from the emulsion 
which is coated on it. In the so-called lenticular 
film processes of colour cinematography, 
first made available commercially in 1928 in 
the Kodacolor process, the back of the film 
base is embossed with minute lenses. In 
the first films these were 22 to the mm., but later 
the number was increased. The lenses are 
cylindrical, running lengthwise along the film, 
and are embossed in the film base, wanned to 
soften it, by suitably shaped embossing cylinders. 
The lenses are made with a high degree of pre- 
cision and have their focus in the opposite side 
of the base. Although this method of cinemato- 
graphy in colours enjoyed considerable success 
in the substandard, amateur field, it has not 
been adopted in the professional field. 

Finishing, Cutting, Packing Film. — Film 
is used in tho form of flat sheets or rolls. The 
material from the emulsion coating machines 
may be in any size up to the width of the base 
as made and some 2,000 ft. long. It is trans- 
ferred to a slitting machine where it is slit 
accurately to the desired width by rotary knife 
blades. As it passes from the roll to the slitting 
knives it is inspected and all visual defects are 
marked by sticking a patch on them so that the 
defective part can be detected later and re- 
moved. If sheet film is being prepared tho slit 
rolls arc cut across at intervals to give the 
desired size of sheet. They are then assembled 
with interleaving sheets of black paper, and tho 
desired number of sheets is wrapped in tinfoil 
and black, red, or green paper, and packed in 
boxes. In the case of film packs, the inter- 
leaving paper is struck to one end of the sheet 
of film, and carries a long projecting portion 
which serves to pull the film round in the pack 
after it has been exposed. Twelve sheets are 
assembled with pressure plate and light, trap, 
and inserted in a metal or card container which 
is wrapped and put in a box. Humidity is 
carefully controlled in all finishing rooms — 
usually to 70% relative humidity. Cut film 
is usually obtainable in any desired length, and 
widths up to about 40 inches. 

Tho two chief kinds of film used in the form of 
rolls are roll-film and motion picture film, lioll- 
film is used in the great- majority of amateur 
cameras and is made so that it can be loaded in 
the camera in daylight. 

Cinematograph film is 35 mm. wide and is 
provided with perforation holes along the edges 
so that it can be driven through the camera and 
projector by toothed sprocket wheels and claws. 
In projection the film imago may be magnified 
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over 300 times linearly on the theatre screen. 
Since the picture must appear perfectly' steady’ 
to the audience, great precision is necessary’ in 
the dimensions and spacing of the perforations. 
The slitting of tho film is done with revolving 
knives, equally’ spaced above and below the 
film to get a shearing action, the upper knife 
having a keen razor edge and the lower knife a 
square edge. The perforation is carried out by’ 
punches and dies ground with such precision 
that the punches cannot be inserted in the dies 
by hand without injury’. Each punch consists 
of eight punching members, and eight position- 
ing members which have tapered ends and fit 
the holes previously’ punched so as to position 
the film exactly for the next set of holes to be 
made. The slit and perforated film is wound on 
wooden or metal cores in lengths up to 2,000 ft., 
wrapped in black paper, and packed in tin 
boxes which are sealed with tape. In addition 
to the 35 mm. film used for standard cine- 
matograph practice, there are in common use 
three substandard widths of film, 16 mm., 
9-5 mm., and 8 mm., usually’ wound on metal 
reels and packed in tin boxes. Films are dis- 
tributed all over the world, and international 
standardisation of dimensions of film and 
apparatus is therefore necessary’. This has been 
carried out in the case of 35 mm. and 16 mm. 
film. The earliest work was done by the Society 
of Motion Picture Engineers in the United 
States, and the International Congress of Photo- 
graphy, and later in co-operation with the Inter- 
national Standards Association, and national 
standardising bodies. The internationally 
adopted slitting and perforating dimensions of 
negative and positive raw film of 35 mm.- and 
16 mm. width are shown in the illustrations 
{Figs. 4 and 5). The dimensions apply’ to tho 
fresh material immediately after slitting and 
perforating. Standards have also been adopted 
for film splices. In addition, there are standards 
for sprockets, camera, and projector apertures, 
sound scanning beam and sound track, frame 
lines, sound film speed, position of the sound 
record relative to the picture aperture, pro- 
jection lenses, and lantern slide mat openings. 

When film is being slit for cinematograph 
purposes, it is customary’ to expose it on the 
edge to a stencil which prints some identification 
markings and numbers indicating the footage. 
These marks appear as black when the film is 
developed. Sometimes edge markings are 
printed in such a way that they are visible 
before development. The footage numbers are 
used as a guide in assembling and editing the 
films, particularly sound films, where the sound 
record is made on ono film and the picture 
negative on another, the two being printed in 
combination on a single positive film. 

Certain types of film prepared in rolls are pro- 
vided with leaders and trailers, of paper, film, 
or film base. These permit threading of tho 
film in cameras and projectors, and may’ serve 
as a protection against fight. 

Cinematograph films for projection in theatres 
arc usually lubricated before use by the appli- 
cation of a solution of wax in carbon tetra- 
chloride. To remove the dirt and grease which 
accumulate on the films in use, they are cleaned 
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with carbon tetrachloride. Luffed, and polished. 
Many tarnishes and processes have been pro- 
posed for remov ing or obliterating scratches on 
cinematograph film, and a large number of patents 
have been taken out for tarnishes and pro- 
cesses for treating film so as to prolong its useful 
projection life. 

In the editing and repair of cinematograph 
films it » necessary to join films together end to 
end. This is done in a splicer made with such 
precision as to ensure correct relationship 
between the perforations each side of the 



Fio. 4 . — Standard 33 mm. Film. Cutting 
AND PERFORATING DIMENSIONS OF NEGA- 
TIVE and Positive Ram Stock, applying 
to Material immediate! y after Cottimi 
and Perforating. 


Millimetres Inch equivalents 


A 

33 00 +0 00 

1 378 +0 000 


—0-03 

-0 002 

D 

1 4 750+0 013 

0 1870x0 0005 

E** 

, 2 7 04 + 0 01 

01 100+ 0 0004 

F** 

1 98 ±0 01 

0 0780 + 0 0004 

C 

3 40 ±0 05 

0 134 ± 0 002 

B 

28 17 ±0 05 

| 1 109 ± 0 002 

0 

Not >0 025 

Not >0 001 

L* 

473 00 -0 38 

18 700 -0 015 


0 5 

Q 020 


^ • b-^the length of any 100 consecutive perforation 


mmated with bght of tt colour by which the 
film is not affected in the short time it is exposed. 
In the case of non-colour-sensitive film, the light 
is jellow, orange, or light red. With green- 
sensitive, orthoehroraatic films, it is deep red. 
With panchromatic films, a very low intensity 
of green light is used. Although such films are 
sensitive to all colours, green is selected because 
it is the colour to which the eje is most sensitive. 
For a giv en \ isibihty, a low er intensity of green 
light can be used than of any other colour, and 



Tio 5 — Standard 16 mm Film Cutting 
and Perforating Dimensions of Neoa- 
ti\e and Positive Ram Stock, appluno 
to Material immediate!.! after Ccttino 
and Perforating 



Millimetre* 

Inch equivalents 

A 

16 00 +0 00 
-0 05 

0-630 + 0 000 
-0-002 

D 

7 020 + 0013 

0 3000+0-0005 

E 

1 83 ±0 01 

0 0720+ 0 0001 

F 

1 27 x001 

0 0500+ 0 0001 

C 

1 83 ±0-05 

0 072 ± 0 002 

B 

12 320+0 023 

0 485 ± 0 001 

a 

Not >0 025 

Not >0 001, 

L • 

762 00 -J-0 70 

300 +003 


025 

0 01 


•• This tingle style of perforation, known as the 
*'MPt perforat Ion, shall be uved for all 3 j mm film 
It Is the same at the perforation know ti prior to July 
It, lOJt as a ttamlaril positive perforat loo 
These dimensions and tolerances apply to the 
material Immediately after cutting and perforating 


• L~thc length of any 100 consecutive perforation 
Intervals 

These dimensions and tolerances apply to the 
material Immediately after cut ting and perforating 


splice The cement used for splicing contains 
an adhesive ami softeners for the cellulose ester, 
and thus differs according to the nature of the 
film base. Before making the splice the emul 
*ion must be removed from one of the films. 
No cement is known bv which a satisfactory 
splice can be rapidlv made between the base 
side of one film and the gelatin coated aide of 
the other. The splice must be strong enough 
so that it does not provide a weak point in the 
film. 

In all operations involving the handling of 
sensitive film in the open, the rooms are Ulu- 


any effect on the film is thus reduced to a 
minimum 

Film Quality Control Tests. — Chemical, 
phjsicnl, and photographic tests arc used to 
control the properties of film. 

Chemical Teats : for the conlro ) of raw 
materials used in the manufacture of film base, 
emulsions, packing materials, materials for the 
construction of handling machinery, chemicals 
used in processing exposed film ; control of the 
finished film base to determine probable effect on 
the emulsion, stability, ami phjsical properties. 

Physical Tests : of greatest importance in the 
case of cinematograph film which is subjected 
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to considerable mechanical strain in use ; 
dynamometer tests for elongation, yield point, 
breaking load ; folding resistance ; elasticity' ; 
wear and tear tests in the projector ; impact 
tests for strength at perforations : resistance to 
water ; expansion when wet, shrinkage when 
dried ; effects of humidity and temperature, 
including extreme heat and cold ; strength at 
splices ; inflammability and rate of burning ; 
resistance to photographic processing solutions ; 
thickness and uniformity of thickness ; agoing 
tests ; control of colour of tinted films, anti- 
halation and filter layers ; transparency, free- 
dom from colour, haze, spots, and markings ; 
hardness and abrasion resistance ; viscosity of 
dopes and emulsions ; jelly strength, setting and 
melting-points of emulsions. 

Photographic Tests : sensitomc.tric tests to 
determine photographic speed, contrast, rate 
of development, photographic quality, fog ; 
colour sensitivity ; special tests for graininess, 
resolving power, image sharpness ; keeping 
tests under various humidities and temperatures; 
defects, such as static and abrasion marks, dirt, 
spots, etc. ; uniformity of sensitivity ; tests of 
suitability for special purposes. 

Knc'ovr.RV of Film Base and Silver. — A n 
important economic factor in the film industry 
is the recovery of scrap film base and the silver 
in the emulsion coated on it. Tn the recovery' 
of the base, the gelatin emulsion is removed by 
breaking it, down by the action of enzymes, weak 
alkali, or sodium hypochlorite solution, scrub- 
bing and washing. Tho recovered base is used 
for a variety of purposes, chief among which is 
the manufacture of cellulose ester lacquers. 
The silver or silver bromide from the gelatin 
layer settles in tho tanks used for removing the 
gelatin, is separated and dried, and the silver is 
recovered by the usual metallurgical methods. 
Silver which is present in solution, as in fixing 
baths, wash waters, etc., may bo precipitated 
as silver sulphide, or recovered directly as silver 
by precipitation by zinc, or by electrolysis. In 
the cinematograph industry large amounts of 
metallic silver of good grade arc removed from 
used fixing baths by electrolytic methods, and 
the baths regenerated for further use. 

Ageing and Storage of Film. — Filin base 
made of cellulose esters undergoes small di- 
mensional changes on handling or storage, 
unless specially' prepared in manufacture. 
These changes are irreversible and reversible. 
The irreversible changes arc due to the loss of 
small amounts of volatile materials which remain 
in the film after manufacture. Tho loss of these, 
on keeping the film or passing it through solu- 
tions, results in a slight but permanent con- 
traction of tho film. By efficient curing during 
manufacture these volatile residues may be 
eliminated and the irreversible shrinkage" thus 
reduced to a minimum. The reversible change 
is due to gain and loss of moisture, and is usually 
greater at right angles to the direction of coating 
the film base than in the coating direction. It 
is greater with acetate than with nitrate film. 
It is analogous to the case of wood, which 
swells in water across the grain to a greater 
extent than in the direction of it. By rigid 
control in manufacture it is possible to reduce i 
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such a dimensional change to a minimum and 
to render it practically equal in both directions. 
In recent y'cars there has been a marked diminu- 
tion of dimensional changes in commercial film, 
and in the ease of some special films made for 
topographic purposes the changes are negligible. 

Tho life of photographic film depends on the. 
quality of the film base, the treatment and 
handling of the film in processing and use, and 
the method of storage. Two problems arc in- 
volved, f.c. , the keeping of the photographic 
image, and the keeping of the base. These two 
are inseparably connected, the one being able 
to influence the other. To ensure maximum 
stability of the image, ignoring for the moment 
the effect of the support, fixation and washing 
must be very thorough. The normal fixing 
bath should be followed by one which is unused, 
or which has a dissolved silver content of less 
than 1 gram per litre. The film should then he 
thoroughly washed in tap water until tile thio- 
sulphate content is reduced to below 000:2 nig. 
per sq. in., and then treated in changes of dis- 
tilled water until the thiosulphate is less than 
0-001 mg. per sq. in. It should then ho 
thoroughly' dried. Film should be stored in an 
atmosphere free from impurities which will 
affect the image, particularly traces of hydrogen 
sulphide, hydrogen peroxide, ozone, and nitrous 
oxide. It is not possible to make definite state- 
ments about the possible life of film base, since 
film has been known for only a relatively short 
period. A few general statements ran be made, 
however, about the probable changes which film 
can undergo with age. and the conditions which 
will tend to reduce these to a minimum. This 
problem is of great importance for film archives, 
libraries, and so on. Cellulose nitrate is an 
inflammable material which is not as stable 
as cellulose acetate. Cellulose acetate is slow- 
burning, presenting a fire hazard no greater than 
ordinary paper, and is relatively stable chemi- 
cally. Deterioration of the nitrate is accelerated 
by increasing temperature or humidity, by 
raising the pressure, by incomplete fixation and 
washing of the. photographic layer, and by the 
products of its own decomposition, ft is not 
known that any decomposition products from 
acetate have an adverse effect on the keeping 
of acetate film. Both kinds of film tend to 
shrink with age. and acetate film gets brittle 
at low humidities. Its flexibility can be 
restored by- rchumidifying. In those conditions 
which tend to favour decomposition of nitrate 
film, the traces of decomposition product, 
chiefly nitrous acid, may exert a destructive 
action on the gelatin coated on it, as well as 
on the silver image. 

The method of storing will depend on the 
length of time to elapse before the film is to be 
used. In the ease of archives, where tile film 
may lie undisturbed for a long period, the best 
conditions of storage demand low temperature 
and drvness. If the records are on nitrate base, 
the best practice would be to copy them on to 
acetate film of low shrinkage, and store the 
acetate film. Otherwise it would be desirable 
to examine the films at intervals of a few years, 
ami if visible changes arc occurring, or the film 
is shrinking so that it cannot lie run through a 



CELLULOID PLASTICS. 


436 

cinematograph printer or projector, it should 
be copied, anti the copy stored. If cinemato- 
graph films are to be projected frequently, they 
must be stored so that they do not shrink to 
an extent which would cause damago when 
run through the apparatus. Acetate films 
should in these circumstances be stored at a 
moderate relative humidity, 50-70%, and at a 
temperature not higher than TO“i\ Certain 
colour films show a tendency for the colours to 
fade unless the humidity is kept low. Nitrate 
films to be used frequently Bhoutd be stored 
at low temperature and low relative humidity 
Film containers for nitrate film should not be 
tightly scaled, and the drawers or cabinets 
should bo vented to permit escape of tho gaseous 
products of decomposition. 

The fire hazard present in nitrate film requires 
special attention in designing storage places. 
Standards for this have been established by 
the responsible authorities in manj countries 
and must be adhered to. In general, however, 
the film is stored in approved cabinets in vaults 
of fireproof construction, and the cabinets are 
so arranged that the films are properly isolated 
so that only the minimum amount is dcstrojed 
in case of fire. The sj stem is employed at tho 
National Archil es at Washington, D.C , the 
films being kept in cabinets with metal lined, 
insulated, individual film compartments, in 
such a manner that complete burning of a roll 
of film in one compartment should not cause 
ignition of film in other compartments of the 
cabinet. 

Tests made at the U.S Bureau of Standards, 
using accelerated oven agoing, indicated that 
tho chemical stability of commercial acetate 
films is greater than that of papers of maximum 
purity for permanent records. The Bureau 
reports the advisability of preserving negatives 
of permanent valuo by making them on acetate 
base film. Tho handling and projection of 
cinematograph film in theatres is subject to 
local regulations. In addition to precautions to 
guard against fire, tho film should be so handled 
that it does not accumulate dirt and scratches 
which would affect the quality of the projected 
nicture and the met lianical properties of the film. 
'I he conditions of running in the projector should 
bo so adjusted as to prevent tearing of the per- 
forations and other damage. 

Types of Films. — The number of different 
tjpes of photographic film manufactured ap- 
proaches 100 when considered from the point 
of view of the emulsion. Considering varieties 
of film base, special coatings additional to the 
emulsion, etc., the number approaches 400 as 
clo«ely a* can be judged. Films are usually 
available, Dr made specially, for all purposes 
where their use is desirable, limits being pro- 
\idcd by the width of tho base as made, and the 

E wibiUty of making emulsions and base 
ring the desired characteristics. A selection 
of films in common use can be grouped according 
to their purpose as follows ; 

Cinematograph films : standard, 35 mm., 
negative and positive ; substandard, IG. 
95, and 8 mm., mereal, negatiie, and 
positive ; special films for sound recording, 


duplicating, colour photography, copying 
documents, titles, background positives, etc! 

Amateur films : roll films, film packs, cut 
film, special films for miniature cameras, 
colour films. 

Commercial and professional films : usually 
cut films, for portraiture, press photography, 
general commercial work, copying, separa- 
tion negatives for colour photography, 
sjwcial films giving direct transparencies in 
colour, duplicating film, positive film for 
transparencies. 

X rav films - cut films for general and dental 
radiography, usually coated with emulsion 
on both sides. 

Fhoto engrav ing films : cut films for colour 
separation negatives, continuous tone 
negatives and positives, screen negatives 
and positives, stripping film. 

Aero films jn rolls for use in aerial cnmrra«, 
often on low shrinkage support. 

Special films . for recording scientific instru- 
ments such as oscillographs, electrocardio- 
graphs, spectrographs, etc , automatic 
cameras, documentary photography, picture 
transmission bj electrical methods, infra- 
red photography, sensitised tracing cloth, 
direct positiv e paper, etc. 

Rcfcrcnces.—L Clement and C. Rivtire, “ La 
Cellulose et les Ethers Ccllulosiques,” Fans ond 
Lifrge, 1920, 1936 , “ Dio Zcllulose," German 
Trans, by K. Batring. Berlin, 1923. M Ilnlamn, 
“ Transparentfolicn," Berlin Steghtz, 1932. O. 
Kausch, “ Handbuch dcr Azetylzellutosen," 
Munchen, 1933 W. Nauck and E. Lehmann, 
" Fabnkation und Prufung dcr photographis- 
chen Materialien,” Berlin, 1928, Band I, Ted 2 
of Vogel’s “ Handbuch dcr Photographic; 
M. Ulmann, “ Azetj lzcllulose • Foben und 
-Filme,” Halle (Saalc), 1932. E. J. Wall, 
“ Photographic Emulsions,” Boston, 1929 
F. Wentzel, “ Die Pliotographisch ehemiache 
Industrie," Dresden and Leipzig, 1926. E. C. 
Worden, “ Technology of Cellulose Estirs," 
New York, Vol. I (5 parts), 1921 ; Vol. VIII, 
1916; “Nitrocellulose Industry,” New York, 
2 Vols. 10H. O. G. Weber and J. R. Hill, 
“ Caro of FiluiMides and Motion-picture Films 
in Libraries,’’ Bureau of Standards, Research 
Paper RP912, 1936 ; “Stability of Motion 
Picture Films as Determined by Accelerated 
Ageing," J. Sac. Mot. Piet. Eng. 193G, 27, 6*7- 
700. E. Theisen, “ The History of Nitrocellu- 
lose ns a Film Base,” J. Soc. Mot. Fict. Eng , 
1933, 20, 259-262. C. W. Ackerman, " Gcorgo 
Eastman," London, 1930. W. C. 

CELLULOSE. — Cellulose is the carbo- 
hydrate that is the essential and characteristic 
structural substance of the plant world: it 
seems to be present in approximately overy 
part of tho plant and, probably, of all plants. 
Not only is cellulose present in the more 
elongated fibrous cells, which are further 
commonly aggregated into lengthier filaments 
that are tho usuvl interest of the industrialist, 
but also it is present in the thin-walled, aucculcnt 
or pithy, more or less round ceils, with juicy 
contents, that arc the food materiab of bcrbi vor* 
and other animal species. 
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Fibrous cells vary in length from 2 or 3 mm., 
as in the “paper-makers’ fibre” derived, for 
example, from wood and esparto, to as much as 
20 mm. and more in the cotton staple, ramie, and 
other cellulose species, sometimes called noble 
celluloses. Fibre is thereby defined as an 
isolated, single, elongated cell ; filament is, 
then, a lengthy aggregate of fibres. 

Broadly, the older parts of the plant contain 
the higher percentages of cellulose. In the 
animal world, also, cellulose is found in the 
skeletal material of the tunicates ; it appears to 
he present, also, in some bacteria. Whatever 
its origin, whether plant or animal, cellulose is 
the same substance chemically. 

The chemical composition of cellulose is based 
on that of dextrose and cellobiose. When 
cellulose is hydrolysed with dilute sulphuric 
acid it yields dextrose, and G. W. Monier 
Williams (J.C.S. 1921, 119, 803) thus obtained a 
yield of 90% dextrose. The elementary com- 
position of cellulose is C 44-4, H 6-2, O 49-4, 
whence the empirical composition C c H 10 O 5 . 
Cellulose is to be regarded as the substance 
composing tho walls of the cells in which the 
reserve material (starch) of the plant is stored. 
In order to prevent the cell walls from being 
attacked by the enzyme used by the plant to 
break down the starch, cellulose is based on 
/3-glucose, whilst starch is composed of a- 
glucose. Tho enzyme key in Emil Fischer’s 
sense will therefore “ unlock ” starch but not 
celluloso. 

Tho cellobiose molecule is (C 6 H 10 O E ) 2 ,H 2 O, 
and it is customary to represent the cellulose 
molecule as (C 6 H J0 O 5 )„, where n is now no 
more than a statistical average, which may be 
100 or 200 or more. Formerly, it was usually 
assumed, conjecturally, to be some small 
number like 3 or 4 and, then, numerous ingenious 
structural formulae were also inferred or devised 
to fit the assumptions, with little valid support- 
ing evidence : it was of no more than historic 
interest. These older ideas were rooted in what 
was supposed to be classical molecular theory, 
derived from the study of gases and, by analogy, 
true solutions, which assumes a characteristic 
mean free path, as defined in terms of gas or 
osmotic pressure ; in tho solid state, however, 
that part of the concept fails, the true applic- 
ability of theory is thereby impeded and, there- 
fore, other ideas are now found to "he more 
useful. 

JllCELLES AND CRYSTALLITES. — TllO micelle 
(Niigeli, 1858) is conjectured to be the ultimate 
unit of cellulose structure in the fibre or cell 
of the plant and the necessity for it, as a con- 
jecture, is based on such studies as those, 
notably, of II. Ambronn (Kolloid-Z. 1917, 20, 
184) and his co-workers on the double refraction 
of fibrous substances generally, which establish 
the certainty that they are crystalline in 
the sense of having an ordered structure, some- 
thing like brickwork, and especially under 
stretch which inevitably increases tightness 
of packing. The miccllo is defined as the 
structural unit of this ordering and to that 
extent tlieso materials aro crystalline ; thus, 
also, the word crystallite has come into use and 
it is assumed to consist of one or more micelles. 


In ramie, micelles or crystallites appear to be 
ordered parallel to the fibre axis ; in cotton, 
screw-wise ; other arrangements are possible and 
evidence thereof is being gradually accumulated. 

Dextrose and Cellobiose. — The basis of 
cellulose structure is the constitutional formula! 
of dextrose and cellobiose, which have now 
been established in all essentials, especially as a 
result of the labours of Irvine, Haworth and 
Hirst. Haworth’s formula for cellobiose is 
/3-glucosido-glucopyranose (Fig. 1) (maltose 
being the a-isomer) : 



With this formula of cellobiose as starting 
point and on the assumption that tho atomic 
dimensions of carbon, oxygen, and hydrogen aro 
those found by W. H. and W. L. Bragg by X-ray 
analysis of such substances as graphite, calcium 
carbonate, and so on, and after earlier pre- 
paratory attempts by Sponsler and Doro, 
K. H. Meyer and others, H. Mark has finally, 
consolidated and reconciled, in main essentials, 
all tho evidence available, in his interpretation 
of the X-ray analyses of cellobiose and celluloso 
as shown in Figs. 2 and 3 (from Mark’s “Physik 
und Chcmie der Celluloso”: Julius Springer, 
Berlin, by permission) : 
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Fig. 2. 


As is customary, the hydrogen atoms are 
omitted in these diagrams. 

The dimensions of the unit cell of cellulose aro 
o=8-35 A., b— 10-3.4., c= 7-9.4., yS=S4°. Tho 
diagram also shows that there is one cellobiose 
unit in the central axis of the unit cell and one- 
quarter of a cellobiose unit at each of the four 
vertical margins of the unit cell — the remaining 
three-quarters of a unit belonging, of course, to 
tho like three contiguous, neighbouring cells at 
each vertical margin. Therefore, the celluloso 
content of the unit cell is, arithmetically, 
4C 6 H 10 O s ; and hence, since its weight in terms 
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of the weight of the hydrogen atom Li known and 
the volume, in A. units, of the unit cell ls easily 
calculable, the true specific gravity for cellulose 
is likewise den veil arithmetically and found to be 
1 55, winch agrees perfectly with the precision 
determination, by direct displacement in helium, 
due to G. F. Davidson, 1 55-1-57 (Shirley 
Institute Memoirs, 1920, 4. 41). 

According to this evidence, cellulose consists 
of micelles and crystallites, each micelle being 
bundle of parallel chains of dextrose residues 
(Fig 4. in which the oxygen atoms arc shaded); 
each chain is of variable length and the number 
of chairs in the bundle also variable. The 
dextrose residues, in each chain, arc held together 
by primary valencies; the chains adhere to one 
another, in the bundle, by secondary forces; 
the average micelle sue and chain length is like 
fibre length no more than a statistical average. 
On this basis and nudafu mufamiit it may be 
quite properly argued that cellulose, being mnde 



up of chains of variable length, each of which 
might ho called a molecule, is analogous to a 
mixture of homologues, such as, for example, 
purified mineral oil. All experience is consistent 1 
with the belief that high quality in cellulose is 
correlated with high average micelle size and/or | 
chain length, and what is always designated 
loosely as " degradation " is correlated with 
diminution of the average, nccompamed by tho 
production of detritus products containing 
substances often oxidised, of far smaller unit 
size, often approximating to small molecular 
dimensions ami therefore capable of passing into 
true solution. 

Micflle and Chain Dimensions —There is 
much that is not vrry clearly di ter mined as 
yet of the inter-relations between orystathte, 
micelle, and tham dimensions, in the above 
paragraph the word bundle lias !>een added, 
no more than descriptively ; moth remama 
to lie done lieforr these words ran be used with 

f irccision. Something has been achieved, 
lowever, and it is feasible to determine some of 
their dimensions approximately. Thus it is 
theoretically feasible tocaleulate the approximate 


dimensions of micelles or crystallites from 
the breadth of the diffraction lines in the X-rav 
spectrogram, but it is difficult to measure that 
breadth with precision. H. Janeke (1921) 
obtained values of 112x 10~' and GOxlO-* cm. 
for two dimensions; R. O. Herzog and Kruger 
(192b) similarly obtained a value which thev 
express as a minimum of 20,000 times the 
weight of an atom of hydrogen. Other methods, 
based on viscosity, on osmotic pressure, and on 
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super centrifugal sedimentation have also given 
positive results pointing to average micelle 
weights of 20 ,000-300, 000. On the other hand, 
II. htaudmger has shown that pohoxy- 
methylene compounds display colloid »l 
characteristies at dimensions about COO tunes 
the weight of an atom of hydrogen. It appears 
quite Jikrly, therefore, that miccllo and chain 
dimensions may vary over quite a large range 
and still display the characteristic quabtics of 
cellulose over the whole range. Ijittcrly. 
interest hi* been awakened in direct determma- 
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tion of the chain length by taking advantage of 
the circumstance that the two dextrose residues, 
at the two ends of each chain, should be capable 
of substitution by four methyl groups compared 
with three for each of the intermediate dextrose 
residues. Haworth and Machemer (J.C.S. 1932, 
2270), by direct hydrolysis, obtained 0-6% of 
tctramethyl glucose from 200 g. of methylated 
cellulose, from which they calculate an average 
lower limit, in their material, of 20,000-40,000 
as the weight of the chain; they conclude 
that the chains terminate at a lower mean 
length of 100-200 dextrose units and that the 
colloidal properties and organised structure of 
cellulose are fully explicable from this conception. 

Dispersions. — The methods of viscosity, 
osmotic pressure, and super-centrifuging, just 
mentioned, relate to dispersions of cellulose; 
the method of Haworth and Machemer to a 
dispersion of the trimethyl and tetramethyl 
cellulose. Such dispersions of cellulose and its 
derivatives, following much earlier practice, 
are perhaps still most frequently designated 
cellulose solutions, and most probably the 
particles present are predominantly separate 
chains rather than larger units, i.e. bundles or 
micelles, at all events at low concentrations. 
Units larger than single chains also persist in 
these dispersions, to a greater or lesser extent, 
depending on circumstances. Measurements 
based on viscosity, osmotic pressure, and 
sedimentation have yielded rich results when 
scrutinised on the basis of theoretical develop- 
ments, originated by G. B. Jeffery (Proe. 
Roy. Soc. 1922, 102, 161), as an extension of 
A. Einstein’s law of viscosity for spheres (Ann. 
Physik, 1906, 19, 289), to ellipsoids of rotation 
which may be approximated, geometrically, to 
chain form for the purposes required. H. 
Staudinger (Kolloid-Z. 1930, 53, 19) and his 
co-workers’ investigations showed that vis- 
cosities are consistently higher than predicted 
by theory ; reconciliation has more recently 
ensued (R. Eisenschitz, Z. physikal. Chern. 1931, 
A, 158, 78) and it now appears certain that the 
chain is the ultimate dispersion unit. The word 
solution would be, to that extent, properly 
applicable ; simultaneously, however, the chains 
are highly solvated and display all the usual 
colloid phenomena characteristic of emulsoids ; 
on that basis the word dispersion may properly 
be preferred. ' 

Cellulose itself is easily dispersed by numerous 
aqueous reagents ; cellulose derivatives, esters, 
and ethers are dispersed by numerous organic 
solvents and mixtures thereof; all are highly 
solvated. P. P. von Weimam who has devoted, 
many years of investigation to the problem of 
systematising the phenomena (Kolloid-Z. 1912, 
11, 41; 1925, Festschrift, 106; 1927, 42, 43), 
concludes that all easily soluble electrolytes are 
adsorbed and solvated water (or other solvent) 
therewith ; when the quantities thus taken up 
in favourable circumstances suffice, the cohesion 
of the cellulose is overcome by the tensions 
thus arising and dispersion ensues. Both 
positivo and negative ions are effective 
additivcly. R. O. Herzog and Beck (Z. physiol. 

192 0, HI, 291) and especially H. E. 
Williams (J.S.C.I. 1921, 40, 221) have assembled 
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data on the basis of the hydration of ions, in 
ascending order of effectiveness, as follows : 

NH 4 <K<Na<Li; Ba<Sr<Ca ; 

£S0 4 <CI<Br<d<CNS. 

Calcium thiocyanate is thus very effective as a 
dispersing agent because it has a very high 
solubility, both its ions are greatly adsorbed 
and both greatly solvated. Earlier and better 
known dispersing agents (non-neutral, however) 
are especially zinc chloride (T. Taylor, 1859 ; 
Wynne and Powell, 1884), cuprammonium 
hydroxide (E. Schweizer, 1857) and sodium 
xanthate, which is the viscose forming reagent, 
in situ (C. F. Cross, E. J. Bevan, and C. Beadle, 
1893). On dilution, cellulose is reprecipitated 
from dispersions in a swollen gelatinous condition, 
and J. R. Katz (Kolloid-Beih. 1917, 9, 1) 
has shown that the phenomena are those of 
imbibition, commonly named “ hydration ” 
among cellulose specialists. He and H. Mark 
(Z. physikal. Chem. 1925, 115, 338) have shown 
also that throughout the changes accompanying 
adsorption, dispersion, and reversion, by re- 
precipitation, in neutral media, the X-ray dia- 
gram remains that of cellulose alone and there 
is no evidence in favour of any chemical reaction. 

Strong acids, like highly concentrated HCI, 
disperse cellulose in the cold almost instan- 
taneously — approximately in proportion to their 
ionization ; hydrolysis is very rapid and oxida- 
tion likewise, more especially with oxidising 
acids like chromic acid. At lower acid con- 
centration hydrocelluloses are formed which are 
disintegrated fibrous residues more reactive to 
alkalis and characterised by free aldehyde 
groups ; soluble dextrinous substances and 
dextrose are formed simultaneously. At inter- 
mediate concentrations imbibition and gela- 
tinisation phenomena predominate without 
dispersion ; Bulphuric acid (sp.gr. 1-5-1-6) 
applied to paper, for a. few seconds, and there- 
after quickly washed out is the reagent for 
the industrial production of vegetable parch- 
ment. Saltssuch as SbCl 3 , HgCI 2 , Hgl 2 +KI, 
BiClg, SnC) 2 , CoCl 2 , etc., in concentrated 
hydrochloric acid solution also disperse cellulose 
rapidly with hydrolysis and, in general, with 
the same train of phenomena (H. G. Deming, 
J. Amer. Chem. Soc. 1911, 33, 1515); under 
controlled conditions they gelatinise cellulose, 
and ZnCi 2 (70° Be at 40°) is, thus, much used 
for the industrial production of vulcanised fibre. 

Mutatis mutandis, dispersions of cellulose 
esters and ethers in organic solvents display 
analogous phenomena of gelatinisation, disper- 
sion, and reprecipitation. They are of great 
importance in industry, and many of them are of 
especial interest, e.g. guncotton in nitro- 
glycerin {cordite). 

Hydration. — There is, thus, a series of inter- 
related phenomena, adsorption, gelatinization, 
reversion by reprccipitation ; reverted cellulose 
is always “ hydrated.” Alkalis react to 
display all these phenomena, short of complete 
dispersion. 

Alkaline hydroxides and alkalis generally 
have little action on cellulose at low concentra- 
tions even when the temperature is raised. 
At higher concentrations, e.g. 12% NaOH 
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and upwards, mercerisation begins (J. Mercer, 
1844; II. A. Lone, 1800); at higher con- 
centrations ami temperatures the cellulose is 
partly dispersed. But even at 180® resolution 
and dispersion are still limited and gelatinous 
products are precipitated on dilution; at 
yet higher temperatures (250°) the cellulose iai 
completely resolved to give acid products of low j 
molecular w eights, chiefly acetic and oxalic, 
acids. 

Strong alkalis, including nlkv 1 ammonium 
bi«cs, arc strongly adsorbed by cellulose. Up to 
12% NaOH the approximate amount adsorbed 
increases proportionally to the concentration; 
at 12-25% the amount remains constant, then 
rises again, and at 34% becomes constant once 
more. It is now generally agreed that a com 
pound, 2C,H 10 O s NaOH, is formed, especially 
since X-ray analysis has shown that sodium 
enters the chain (K. Hess and C. Trogus, Z. 
l'hysihal. Chem. 1031, 11, 3S9). Similar 
results are obtained with KOH and LiOH, 
NaOH is intermediate between them in accord 
ance with the analogous effectiveness of their 


salts, cited above. Fibrous cellulose, thus 
treated with mercerising soda { 17 - S% weight/ 
weight), undergoes structural modification; it 
shrinks and it gelatinises, gradually and 
progressively ; w hen the shrinkage is prevented 
(H. A. Lowe, 1S90) it becomes smooth, lustrous, 
and even silky. Some of the cellulose substance 
is dissolved and an important assay method is 
dependent thereon. Thus, a pulp treated with 
mercerising solutton for 30 minutes at 20°, then 
dduted and filtered, will give a residue of 
resistant cellulose, a -cellulose, and the filtrate 
will contain a proportion prccipitnble by dilute 
acetic acid, fi cellulose, and a proportion un- 
precipitable, determined by difference, y collu- 
lose. Industrially, a high a cellulose content is 
evidence of high quality because experience has 
shown that severe previous process treatment", 
with reagents at high concentrations and 
temperatures, invariably lower the a percentage, 
whereas with cautious treatment wood pulps 
can be made of about 90% a content without 
undue difficulty ; cotton pulps, similarly, hive 
higher percentages. Industrially, a cellulose is 



(From Mark’s ‘Thyslkund Chcmle dcr Cellulose” ■ Springer, Berlin, 1032 > 


thus identified with undegraded, «.e. resistant, 
cellulose. 

In various ways, therefore, by the action of 
acids, alkalis, and salt solutions, and by re- 
l>rcupit.ihon, cellulose undergoes hydration, 
'the result is obtained the more easily if, 
simultaneously, mechanical action is applied; 
in that event, water alone will hydrate cellulose, 
and this is an industrial operation of very great 
importance in the making of paper. A machine 
called “beater” or hollander is employed; 
the purified fibres w ith w ater are circulated in an 
endless channel, at one point of which they 
are forced between bars on the periphery of a 
drum, rotating in the channel, and other bare 
on the bed of the channel ; they are thus 
squeezed and ruLbed and become a swollen, 
fibnUatcd, and cohesive pulp. This allows a 
sheet of paper to bo made that will have 
adequate strength and other qualities desired. 
By ancient paper-makers, in China, Arabia, and 
in Europe until about 1700, primitive methods 
of the “ pestle and mortar ” type w ere employed 
for the purpose. 

Ckliulosc regenerated from its derivatives. 


e ff. by saponification of esters, w likewise 
obtained hydrated. 

Hydrated cellulose, by whatever method 
obtained, has an X-ray diagram of its own 
(Fig. 6), differing from that of cellulose itself 
(Fig. G), especially in having an angle /1=G2 
instead of 84°; tho identity period remains 
10 3A , as for celluloso itself ; and that is inter 
prcted as indicating that hydration produces no 
shortening of tho chain but only a vertical 
twisting ; the dimensions and diagrams (bird's 
eye) display tho nature of the change - 

Cellulose: a=8 3oA., 6=10 3A., c=7 9*. 

Hydrated Cellulose : a =8 14 A , 6=10 3A„ <=» 

9-1 A, 0=02°. 

Whenever, by loss of water, hydrated cellulose 
reverts to unhydrated cellulose, the unit-cell 
dimensions revert simultaneously, Tho well- 
known twisting and tightening produced by 
mercerising is easily visualised on this con- 
ception. Tho specific gravity of hy dfated cellu- 
lose is about 1-52 and, therefore, as before, there 
must be, arithmetically, four dextrose residue# ui 
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the unit cell, which is again understandable. 
The hydration water entering the cellulose does 
not enter the unit cell and is therefore not 
inter-chain but inter-micellar water; it is 
imbibition water and not chemically combined. 
This last inference is in accord with J. R. 
Katz’ work ( l.c .), which established that the 
laws of imbibition apply to the inter-relations 
between water and cellulose. J. Strachan 
(Proc. Technical Sect. Papermakers’ Assn., 
1920, VI, 160 ; ibid. XII) has applied this 
knowledge to the action of the hollander during 
beating. On the other hand, it has been argued 
(C. J. J. Fox, ibid. 1926, VI, 170 ; 1932, XIII, 1) 
that a chemical hydrate is still a possibility, 
though it would be manifestly difficult to identify 
its separate presence in contact with the 
large excess of imbibition and loose surplus 
water simultaneously present. Nevertheless, 
H. Mark (World’s Paper Trade Review, Tech- 
nical Convention, March 1933, 70) produced new 
experimental evidence, based on direct measure- 
ments, of adsorption of water by cellulose, at 
such low pressures as 1 mm., that water does 
enter the chain and may, therefore, be regarded 
as in chemical combination. The molecular 
equivalent of water is small by comparison with 
a dextrose unit and the weight of, it thus 
concerned is likewise small by comparison with 
imbibition water. 

Cellulose is in reversible equilibrium with 
water vapour over the whole range of humidities 
and temperatures occurring in the atmosphere. 
The reversibility is accompanied by hysteresis, 
analogous to what is found generally true for 
solid substances, and is dependent upon surface 
condition, and therefore previous histoiy, and 
other variable factors. An elaborate study of 
cellulose-humidity relationships has been made 
by A. R. Urquhart and A. M. Williams ( J. Text. 
Inst. 1924, 41, 130). Cellulose ordinarily 

contains atmospheric moisture with a minimum 
of about 5%. For many industrial purposes 
conditioning by storage in constant humidity 
rooms i3 required as an antecedent preparation ; 
it is therefore standard practice to calculate all 
analytical data on oven-dry weights, obtained by 
heating to constant weight at 100°-105°. 

Industry. — The multitudinous utilisations of 
cellulose remind us that ours is a cellulose age as 
much as it is an iron or steel age. The cellulose 
is derived from a great variety of plant raw 
materials, and by a great variety of methods. 
Cotton, the buoyant seed hair of gossypium, 
is purified almost solely by mechanical devices 
(ginning) which effect the removal of seed, 
dirt, etc., and thereafter a simple cleansing 
treatment, including bleaching, suffices to give 
it the whiteness that is usually desired ; the 
mildest laundry' reagents, dilute soda ash, bleach, 
and soap are employed for the purpose. Bast 
fibres, which include flax, hemp, ramie, jute, 
sunn-hemp, and tho vascular bundles of leaf 
fibres 6uch ns manilla, sisal, phormium, are 
freed from woody, cuticular and thin-walled, 
fleshy cells by which they are accompanied in 
the living plant. This is effected by digesting in 
water, whereby enzyme and bacterial fermenta- 
tions of the pectinous, sugar and starchy' matters 
present are induced, which loosen and free 


the cellulose filaments ; thereafter, mechanical 
treatments (scutching, heckling, beetling, etc.) 
suffice for most industrial requirements for 
which they are employed. Fatty, waxy, and 
ligneous non-cellulose residues, ingredients and 
incrustants still remain in the fibre and for 
many industrial purposes they are not dis- 
advantageous, and such fibres are invariably' 
used without further purification. But. they' 
can be further purified, if desired, by treatment 
with alkali and bleach or by' more drastic 
removal of non-cellulose ; ordinarily they 
encounter such treatments only when they 
appear at the paper mill classed as “ rag ” to be 
made into paper. 

Pulp . — The vast output of purified wood 
cellulose, for paper industries, is obtained by 
direct chemical attack for the removal of the 
non-cellulose components and incrustants of 
cellulose, amounting to about half tho wood 
substance; they are waxes and fats, terpenes, 
resins, tannins, gums, pectins, sugars, starches, 
and especially lignin, which adheres to the cellu- 
lose as incrustant. Autoclave digesters of largo 
size, frequently' taking 50 tons and more of 
wood chips at a charge, are employed. Calcium 
bisulphite is the reagent most in use (B. C. 
Tilghmann, 1866; C. D. Ekman, 1874). This 
“ bisulphite pulp ” is made, either at lower 
concentrations and lower temperatures (2-5- 
4-0% S0 2 ; 1 1 0°— 1 25°) to give “strong” or 

“ Mitscherlich ” pulps, which are not very easy 
bleaching and are much employed unbleached 
as a component (about 20%) of modern news- 
print (about 80% ground-wood being the other 
component), or it is made at higher concentra- 
tions and temperatures (4-5% S0 2 ; 125°- 

140°) to give Ritter-Kellner “ easy bleaching ” 
pulps, which aro the commonest ingredient of 
modern white papers. Half the wood substance 
and all the calcium bisulphite are a trade waste 
and total loss, for which there is, at present, no 
appreciable industrial utilisation ; it is the 
largest Bingle item of trade waste in the world 
to-day, amounting to many millions of tons 
yearly. Calcium ligninsulphonate is its principal 
ingredient, but fermentable sugars, starches, 
tannins, etc., aro also present from which alcohol 
is to a very small extent recovered and other 
utilisations (e.g. tanning) aro of negligible 
dimensions. The cheapness of limestone and 
of SO s from pyrites burners accounts for the 
economic success of the process, in spite of the 
loss of about half the wood substance. A 
more serious practical restriction is that this 
reagent, being acidic, is not very effective in 
removing resins, which are not very soluble in 
acids ; hence, the least resinous woods have to 
bo employed, especially spruce. Bisulphite 
pulps, prepared to customary requirements of 
the trade, are the raw material of the great 
viscose industry, which produces, at no great 
cost above that of paper pulps, about 90% of 
the world output of rayon, these pulps have 
about 00% a-cellulose, low ash (01%), low resin 
residue (0-5%) and suitable swelling quality (in 
mercerising soda). 

The resinous woods (firs, etc.) require an alka- 
line digestion ; the sodium sulphate in the reagent 
used becomes transformed into sodium sulphide, 
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accompanied by production of substances allied 
to mercaptan. It is owing to this fact and to 
the consequent unpleasant odours produced that 
the manufacture of the pulp has to be carried 
out in sparsely populated districts. The reagent 
Is recovered at the end of the digestion, by 
evaporation and incineration, and then re- 
cuperated with additional sulphate or with 
caustic 60 da and used again as an essential 
economic necessity. The pulps thus obtained 
are emploved especially for making the very 
strong ' Kraft ” papers now so much used as 
wrapping, the great strength is related to 
the mildness and reducing action of the reagent 
and its consequent inhibition of oxidation of the 
cellulose. These pulps are not easy bleaching 
and w ere never bleached until the recent present- 
dav cheapness of chlorine brought also bleached 
14 Kraft” into the market. 

Esparto (T. Routledge, IS5G) is much used in 
Great Britain, especially Scotch mills, and little 
elsewhere, as a paper fibre. Esparto grass 
imported from Mediterranean areas is invariably 
pulped at the paper mill by the use of caustic 
soda exclusively , the caustic soda is recovered 
bj evaporation and incineration, and then 
recuperated by lime and used again. 

Straw is much used, boiled with Line for 
cheapness, for the manufacture of straw-board. 
In S America, S. Africa, and elsewhere, where 
there are local supplies available, straw is now 
coming into increasing use also for the manu- 
facture of white papers for local markets. 

Akaltsis. — T or all these grades of cellulose, 
of vanous origins and prepared by many 
processings, there is now much accumulated 
experience available for their assay , in general 
these methods have been developed, ad hex, 
on the basis of industrial needs and empirical 
observations. The following methods cover all 
but quite exceptional requirements. 

For purposes of comparison, “ standard 
cellulose " is taken as datum ; it is generally 
prepared from ginned cotton by heating first 
with 0 1% medical soap solution, thereafter 
well washed and heated with 0 5% Na x CO, 
solution, washed, then heated with 0 1% NaOH 
solution, drenched with cold distilled water, 
immersed in NaCIO solution (0 1%CI) for one 
hour, filtered oil, and washed until free of Cl 
It may still contain a minute trace of fat and 
wax from which it may be freed by extraction 
with alcohol benzene. For many purposes 
quantitative filter papers may be used ; the 
HC) and HF extractions to which they have 
been submitted make them, however, rather 
more reactive than standard cellulose, m 
consequence of minute traces of hydrolysis 
products; the same is true of medical cotton, 
which is frequently used. 

The cellulose content of a raw material is 
determined by chlorination (Cross and Bevan, 
1 SSO). Preferablj, the material is first extracted 
with alcohol-benzene for removal of fata and 
w axes, then washed with hot water and squeezed, 
then heated with 10-15 parts of 1% NaOH 
solution for i-1 hour at constant volume. 
It is then squeezed and. still moist, submitted 
to the action of & regulated current of chlorine 
gs* for 1 hour. Surplus chlorine is removed 


and the material then covered with a known 
volume of distilled water, an aliquot portion of 
which is titrated for HCI, the reaction being 
partly substitution and partly addition, and 
the HCI figure thus obtained is a usefulindtca- 
tion of the amount of lignin present m the 
material. After washing free of acid, the 
material u placed in a 2% NaSO, solution 
and gently raised to the boil, 01% NaOH 
on the weight of the solution is then added and 
the purified fibre finally washed w ith water ju«t 
acidified with acetic acid, filtered off, dried, 
and weighed. The jield obtained includes 
fibrous and non-fibrous cellulose ; it often 
contains also pentosan derivatives (xjlan and 
araban denvates, mostly), for which a correc- 
tion may be required and the degradation 
products of hjdrolysis and oxidation may also 
be present. It is routine practice to distil the 
fibrous yield, therefore, with 10-12% HCI 
and the furfural thereby produced is then 
determined by precipitation with phlorogluem, a 
standardised empirical procedure being followed, 
otherwise reproducibility will be unsatisfactory . 

This chlorination method gives, in effect, a 
maximum value w hieh may very well be a higher 
yield than is likely to be attained m industry, 
with its processing methods based on higher 
concentrations and temperatures and causing 
greater losses in consequence of hjdrolysis and 
oxidation; but though a great many other 
methods of assay have been suggested from tune 
to time with varying success it has survived 
supreme, throughout the world, as the most 
dependable and useful method known. 

The material sometimes, though rarely, has to 
be chlorinated a second time if it is of a hard 
and highly ligmfied nature; alternatively, the 
preliminary alkaline treatment may bo inten- 
sified. The final product, if coloured, may be 
treated with very dilute (0 05%) bleach or 
permanganate and thereafter washed with water 
acidulated with SO t , washed, dried, and 
weighed. It is then invariably in the condition 
of ultimate fibres and their length is giv en as a 
simple average, either by direct measurement in 
a microscopic field or by casting the imago 
thereof on to a screen and measuring a number 
of the magnified screen images with a foot rule. 
The following are representative dimensions of a 
few commonly occurring fibres • 


Cotton 


Diameter, 

Cotton . 

20-40 

-012-035 

Hemp . . 

15-20 

-015-050 

Kamie i 

50-200 

-030-073 

Flax 

20-30 

-015-040 

Jute . | 

1-5-4 

-020-025 

Sisal . . . j 

1-5-0 

-0I5-02S 

I’hormium . 1 

5-15 

-010-023 

Esparto . . ! 

05-3 

-010-020 


The yield and average fibre length, together 
with the pentosan content having been 
determined, the following tests raaj th*n he re- 
quired. Ash content, quantitative, andsometimes 
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qualitative, is important in, for example, 
viscose pulps because the minute orifices of 
the spinnerets may be stopped by mineral 
impurities ; in some cordage siliceous ash may 
suggest fibre damage by cutting ; finally, in 
quantitative filter papers ash content is of well- 
known importance. Ash content is determined 
by burning off' the cellulose and weighing the 
residue. The loss suffered by boiling with 1% 
soda for (a) 5 minutes, lb) 1 hour, is a measure 
of hemi-celluloses, and the determination of 
“copper number” (Schwalbe, 1907) by the 
modification of Braidy’s method devised by 
Clibbens and Geake (Shirley Inst. Memoirs, 
1923, 238) is a more specific measurement for 
the same purpose, now much used. They 
employ sodium carbonate instead of the 
hydroxide in the Fehling’s solution, with 
practical advantages of reproducibility. 

Lignin is present in the great majority of 
cellulose materials, either in original percentage 
or as surviving residue. Qualitatively, lignin 
may be isolated, though not unchanged, by 
dissolving away the cellulose accompanying it 
with higldy concentrated HCI and then washing 
and filtering off the lignin; 72% H 2 S0 4 may 
likewise be employed. Many investigators 
have also used these methods more or less 
quantitatively but there is no uniform, agreed 
standardisation that gives adequate reproduci- 
bility. Ground-wood, which, of course, con- 
tains the full original content of lignin of 
the wood, frequently has to be determined 
( e.g . for assessment of customs import duty, 
in some countries) and an empirical method 
of determining the lignin as a measure of 
tho ground-wood content of paper, has been 
systematised by H. B. Dunnicliffe and H. D. 
Suri (Analyst, 1932, 57, 354) ; based on inter- 
action of lignin and pliloroglucin, with specified 
procedure, it gives adequate’ reproducibility. 

Finally, and especially, determinations of 
a, fi, y-cellulosc content and cuprammonium 
viscosity will often be required. Cuprammonium 
hydroxide solution (Schweizer reagent) has long 
been known ns a good dispersion agent of 
cellulose and, in use, for the production of 
rayon, though the viscose method has greatly 
outgrown it, and for the production of Willesden 
canvas and paper ; the viscosity of its dispersions 
has been, in recent years, much employed as a 
measure of quality in the sense that longer 
chains give higher viscosities than shorter ones 
in accord with theory {see nbovc). In this 
dispersion tho cellulose appears to undergo no 
degradation for perhaps a week and more, 
when excluded from oxidation by the air. The 
standard specification of the Fabrics Research 
Committee (D.S.I.R.), H.M. Stationery Office, 
1932, details the method ; cellulose concentra- 
tions of 0-5-2-0% are commonly employed ; 
the lower the degradation of the cellulose and 
the greater tho average fibre length the higher 
will be the viscosity’. This determination 
considered together with the “ eopper number ” 
and other data will provide much information 
nbout history and quality, without which the 
high systematisation now attained in, for 
example, the rayon and lacquer industries would 
have been impossible. 


Debivatives. — The only derivatives of cellu- 
lose for consideration are the esters and the 
ethers. Theoretically, their number is very 
large, and the size of two treatises dealing with 
these derivatives (E. C. Worden, “ Technology 
of Cellulose Esters,” Vol. I, i-v, 1921 ; “ Techno- 
logy of Cellulose Ethers,” 5 vols., 1933, Newark, 
U.S.A.) is eloquent testimony of the number of 
these compounds that have been already 
prepared and described. Actually) however, 
to-day three esters are of paramount importance, 
namely, the nitrate, the acetate and the 
xanthate ; and none of the ethers has more than 
academic interest as yet, though their patent 
literature is already considerable. 

Haworth’s formula (above) displays the 
presence of three alcoholic OH groups in 
each of the dextrose residues of the cellulose 
chain, except that there are four in each of the 
residues at the two ends of the chain ; each OH 
can be estcrified or etherified : 

R'— OH + R— COOH-rR'— COOR+ H„0 

R'— ONa+RX -*R'— OR+NaX* 

Theoretically, therefore, since there are three 
alcoholic OH groups available, mono-, di-, and 
tri-esters and ethers are possible. Actually, 
however, X-ray analytical studies of the prob- 
lem have established that when cellulose is 
progressively nitrated the spectral diagram 
begins as that of pure cellulose and continuously 
fades and merges into a new one without dis- 
continuous halts. The same thing occurs in all 
the other esterifying and etherifying processings 
that have been studied, and the interpretation 
of these facts, consistent with diffraction theory 
on which the reasoning is based, seems to be 
that when a molecule of reagent interacts with 
an OH it does so at random until all OH’s 
have thus been esterified or etherified. In this 
sense there is no homogeneous mono- or di- 
substitution product, but hybrid-like, part- 
cellulose, part-ester or ether products. Tho 
xanthate ester is altogether singular and 
exceptional in that only a mono-substitution 
product occurs ; many early attempts were 
made to obtain di- and tri-substitution pro- 
duction without success. 

Nitrocellulose . — Tho nitration of cellulose 
(Schonbein, 1845) has long been a fundamental 
process in the explosives industry, and principles 
and practice are derived therefrom. At con- 
centrations up to 75% HNOj, nitric acid has an 
effect on cellulose in tho senso that there is a 
gradual change of the X-ray spectrogram 
analogous to hydration and the hydration 
diagram appears on dilution with water ; above 
75% the true ester diagram begins to emerge. 
No approximation to completion of the esterifi- 
cation occurs, however, unless H : S0 4 js em- 
ployed simultaneously’, in accord with tho 
usual practice. The complete esterification 
corresponds theoretically with a final content 
of 14’14% of nitrogen ; the theoretical per- 
centage has, however, never yet been attained 
and 14% must be regarded as the maximum 
practically attainable. 

Broadly, the procedure adopted is as follows. 
Cotton linters are the raw materia! ; they are 
the shorter seed hairs, amounting to about 15%, 
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which are removed from the longer hairs, in 
the operation of ginning, as being not suitable 
for spinning. The Imters are cleaned and 
lightly bleached to a specification. Other 
cclluloas containing minute traces of hemi 
celluloses and pentosans are, of course, very 
easily estenfied. These yield products of low 
uniformity and stability involving complicated 
and possibly unsolvable problems of ballistics, 
storage, and safety ; nevertheless, it is a 
frequently recurring rumour that wood cellulose 
can be and has been used as a satisfactory substi 
tutc for cotton by beleaguered nations in war ; 
there is noevidence warranting these rumours and 
much evidence that ought to discount them. 

The detail of the nitration proper is variable 
and modified to suit the special requirements of 
utilisation, which will be different, e g for 
erplosives and for lacquers, etc , HjSO^HNOj 
* 5/1 with 1-2% H,0 and Imters/acid mixture 
= 1/150 at temperature 15*-18° for 7 hours 
is a representative prescription. Evenness of 
wetting is of the highest importance and 
therefore the linters are added to the acid 
mixture in small portions with good mixing 
At the end of the nitration the mix is cooled to 
0° and after squeezing out the surplus acid the 
material is vigorously stirred into 50% acetic 
acid, the temperature being kept below 10°, 
thereafter squeezed off and treated with fresh 
50% acetic acid, brought to the boil for 1 hour 
and then similarly treated with alcohol, which 
removes the last traces of sulphuric acid 
After drying in high vacuum such a product 
generally contains about 13 75% N. 

“ Stabilisation " is essential, and this is 
effected by prolonged and repeated washing and 
boiling of the pulped nitrocellulose. This 
method is to some extent an alternative to the 
above treatment with acetic acid and alcohol, 
by which it can be greatly shortened, with the 
advantage that diminution of nitrogen content is 
minimised. The best solvent for higb-rutrogen 
nitrocellulose*) is acetone, and for long it was 
regarded as the only appropriate solvent ; for 
less highly nitrated products alcohol ether (and 
other cheaper mixtures, for lacquers) is eatis 
factory, and was used instead of acetone during 
the war, when supplies of this solvent were 
insufficient Most important, nitrocellulose dis- 
perses exceptionally w ell in nitroglycerin for the 
production of a great range of explosives, 
including cord'te /similarly, it disperses, also 
exceptionally well, or plasticises with camphor 
to produce celluloid ( q r ) The ease of dis 
pension and plasticising nccounts for the success- 
ful utilisation of nitrocellulose for so many 
purposes — explosives, lacquers, plastics, for 
the liLe rca«on it was afro the first, and for 
long the only matcnal that could be handled 
for the manufacture of raj on. Its explosive, 
combustible and ignifrble qualities made it 
dangerous and so it had to be demtrated and 
thus reconverted to cellulose. This was done by 
means of sulphide solution suggested by J. \V. 
Swan (1882), who was a pioneer of nitrosdk 
manufacture. To this day , and in spite of much 
investigation, no better agent for denitration 
than sodium or ammonium hydrosulphide is 
known; it is effective and smooth in action in 


the sense that it does not cause any degradation 
of the cellulose, and its effect can be very easily 
controlled so as to stop at any predetermined 
point. 

The variations of procedure that have to be 
followed for the production of nitrocellulose 
have been multiplied by the development of 
new industries in recent years ; thus, lacquers 
are required containing cheap solvents, and 
these blended solvents must be " balanced ” so 
that they will evaporate gradually and in 
succession, giving no super- cooling of surface 
on which atmospheric dew might deposit and 
lead to an undesired “ bloom.” Moreover, 
the lacquer having all those desirable qualities 
must have a sufficient nitrocellulose content 
and possess a sufficiently low viscosity to 
enable 6 pray ing to be employed at appropriately 
low pressures or, alternatively, flooding pro 
ccdure may bo employed. Industry' has 
succeeded in fulfilling all these obligations, 
most successfully, by vary ing the quality of the 
cellulose raw material, the nitration procedure, 
and the solvent blending, and by the introduction 
of many new plasticisers, which are today* 
perLapa indistinguishable from high boiling 
solvents. Steaming cotton Linters under con 
trolled conditions enables them to be prepared 
to provide a nitrocellulose having any apecified 
viscosity over a 6calc of viscosities graduated 
from 1 up to 2,000, this remarkable effect of 
steaming is something for which no under 
standable explanation, bared on theory, is yet 
available The determination of \iscoatty by 
the standardised cuprammoinum method has 
been of decisive importance in achieving these 
valuable results. 

Aeetyeelluloae . — Schutzenbcrgcr (1865) heated 
cellulose w itb acetic anhy dridc and found there 
was an interaction, Franchimont (1879) 
introduced the idea of employing a catalyst 
and he used sulphuric acid and several other 
substances for the purpose ; a large number of 
■ubrtances have since been used and made 
subject matter of numerous patents, but acetic 
anhydride m presence of sulphuric acid is the 
reagent now in use Cotton linters, as for 
nitrocellulose, is the raw material /or the 
like reason pf quality and uniformity, wood 
cellulore docs not y icld so useful a product, but 
the possibility of finding a satisfactory method 
of employing it is probably more favourable 
than for nitrocellulose, because difficult prob- 
lems of ballistics and safety do not anre The 
maximum acetyl-content for the triacetate is 
62 5 (as AcOH), but 60 is rarely exceeded 
industrially, and it then disperses slowly in 
chloroform, which is, however, commercully 
not a practical solvent. It was not until 
G W. Sides (U.S.l*. 838350, 1900) discovered 
that controlled hydrolysis (halted at an acetyl 
content of about 55) provides « product easily 
dispersible in acetone, that cellulose acetate 
became a useful industrial product Eventually 
the war brought it into important ure as a 
safe, non explosive lacquer for aircraft wing 
fabric, to which it gives a very <{e«iratfe shrunk 
water resistant finish (rf. S 21)50); and 
though very transparent to ultra-violet light, 
which is potent at high altitudes and destructive 



CELLULOSE. 


of cellulose, that defect was countered by the 
use of an added aluminium pigment. After- 
wards the industrial plant was converted 
to the successful manufacture of acetate- 
rayon, which is now a considerable industry, 
though far smaller than the viscose-rayon 
industry'. Cellulose acetate is also much 
employed for plastic moulding, injection mould- 
ing especially. It has an exceptionally high 
dielectric constant which makes it useful in the 
electrical industry' as an insulating lacquer, 
and it is very transparent to ultra-violet 
light which makes acetate film useful for some 
purposes instead of glass. Thin film made 
from cellulose acetate is also used as a wrapping 
material and for decorative purposes. 

The acetylation operation is not varied to the 
same extent as that of the nitration, the range 
of graded requirements being much smaller. 
A mixture of 120 parts anhydride, 200 parts 
glacial acetic acid, and 6 parts sulphuric acid is 
suitable and typical ; it is cooled to 5° and the 
cellulose (air-conditioned to 2-3% moisture 
content) added in portions with very' perfect 
mixing until the proportion is about 8-10 of 
mixture to 1 of cellulose ; simultaneously the 
temperature is controlled so that it rises to 
10 = — 13° at the end of about 2 hours. In the 
next half-hour it will reach 15° and the mass 
becomes doughy. The temperature, under 
control, continues to rise gently and is not 
allowed to exceed 35°. Samples are drawn 
for routine empirical tests and eventually water 
is added, which converts surplus anhydride to 
acetic acid, and the mass is allowed to stand 
some hours at 50° (until the acety'l number, 
originally' about GO, has sunk to about 55) and by 
then it has also become acetone soluble, as 
now required by industrial practice. The 
recovery of acetic acid and acetone, in this 
industry, has been developed to a very high 
level of efficiency, as an indispensable economic 
necessity. It will be noted that the addition of 
acetyl groups to the original weight of cellulose 
is a favourable economic factor. 

Xanthale . — More than 85% of the world’s 
output of rayon is made by the viscose process 
(xanthate). The raw materials'are wood pulp, 
caustic soda, and carbon disulphide ; in cheap- 
ness it is paramount and recovery is not 
essential to economic success. The technical 
difficulties that have had to be overcome have 
been so enormous that it is evident they would 
hardly have been so patiently fought if it had 
not been for these economic attractions. 

The wood pulp that is the almost exclusive 
raw material of this process (cotton is used to a 
small and probably diminishing extent) is a 
special but not specially' expensive grade, made 
from spruce, though it is certain that it can be 
made successfully also from a few other species. 
A viscose pulp assays approximately 90% 
a-cellulose, 2-3% jj and 7-8% y, copper number 
1-1 '5, ash 0d, resin 0-5, cuprammonium 
viscosity (1%) about 25 centipoises, and a 
swelling number about G or more (i.e. ratio of 
mercerising soda taken up to original pulp 
weight.) The pulp is received in sheets of 
standard size to fit the steeping tanks employed ; 
it. is air-conditioned to a controlled humidity, 
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then immersed for 2 hours in 17-8% NaOH 
solution in a steeping tank, fitted with com- 
pression ram, where it swells greatly ; it is 
then squeezed down to three times the original 
weight and torn into crumbs to be stored in 
closed boxes, for 2-3 days at 20°; some oxida- 
tion occurs which seems to be a useful and 
perhaps essential factor in the process. There- 
after carbon disulphide is added (one-third the 
weight of the original cellulose) so that vapour 
and not fluid acts on the crumbs, which then 
gradually swell and become orange-coloured. 
Surplus carbon disulphide is removed by ventila- 
tion and suction and the xanthated crumbs are 
then dispersed by churning with NaOH solu- 
tion. At first the viscose dispersion is dough- 
like; but symseresis occurs on standing and 
when the viscosity has thus fallen to an appro- 
priate controlled level it is ripe for spinning ; 
that point is decided by determining the 
quantity of standardised salt solution just 
sufficient to cause coagulation. Prom the minute 
orifices of spinnerets it emerges as fine filaments 
into a coagulating ot setting bath of about 10% 
H 2 S0 4 , which neutralises the soda, and 
coagulates as a consequence. Free sulphur is 
thus formed in the reverted cellulose and it is 
easily extracted with N a 2 SO a aq. Numerous 
additions to the bath have been from time to 
time used and patented and some are still em- 
ployed, e.g. glucose, their effect being to modify 
favourably the cross-section of the fibre, probably 
by osmotic influence. Alternatively, the viscose 
may be forced from a narrow slit to form thin 
film, which is now being used in ever-increasing 
quantity as an attractive wrapping material and 
for decoration purposes, often coloured. 

The viscose dispersion employed for spinning 
has a composition of cellulose 7-8%; NaOH 
5-6-5%. The reaction is : 

2C 6 H 10 O 5 ,NaOH+2CS 2 -f NaOH 

-> 2C 6 H 0 O 4 -O-CSSNa+ 2H 2 0 

The sulphur content can be determined by 
adding excess of standard iodine and titrating 
the excess ; another sample of the same viscose 
is salted out and the sulphur content of the liquid 
alone is similarly determined ; the difference 
of the two quantities is the quantity of sulphur 
combined in the cellulose. Further, cellulose 
xanthate, be tug the salt of a strong acid, is not 
decomposed by acetic acid ; a double titration 
with acetic acid and afterwards with sulphuric 
acid gives values for the free alkali and combined 
alkali. . 

This industry had to be developed before 
much was known about imbibition, solvation, 
and synajresis ; the ripening process was 
mastered empirically', after endless mis- 
adventures. The particles in the dispersion 
are largely, perhaps predominantly, chains and 
the condition of the cellulose raw material is 
probably a master factor in the sense that a high 
swelling number may mean that many OH 
groups take up Na atoms and hence become 
responsive to subsequent attack by the CS 2 . 
However that may be, the disperse particles are 
certainly highly solvated ; the water adsorbed 
on the particle increases its dimensions and 
simultaneously diminishes tho amount of free 
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water in the external phase, which is, in effect, . 
an increase of ccliuJo«e concentration Thus, 
the v iseosit y is high on account of large dimen- 
sions of the particles and on account of the 
small effective amount of free water, all 
this 19 apart from the circumstance that chain 
length itself gives high Mscosity by comparison 
with spherical particles The disperse phase, 
sodium cellulose xanthate, is continuously 
decomposing spontaneously (ripening) and 
progressive \ iscosity changes ensue, on that 
account, which are the basis of the procedure 
followed in spinning The \anthate ionises, as 
soap docs, to give a negative micelle ion, with 
imbibition water in its envelope, the spon 
tancous decomposition gnes free cellulose, 
sodium hydroxide, thiocarbonate and water 
so that the external osmotic pressure rises and 
abstracts further water from the, as jet, 
undecomposed and sol\ated xanthate and thus 
further reinforces the amount of free water in the 
external phase, all these effects lower the 
viscosity Eventually the amount of free 
cellulose increases to such an extent that the 
amount of yet remaining undccomposed 
xanthate, which is a strong protective and 
emulsifying colloid, becomes insufficient to retain 
the dispersion and the emulsion breaks; 
the cellulose coagulates progressively and after a 
lengthy period becomes a lump of hydrated 
cellulose in a waterj fluid (C J. J. Fox, J S C I. 
1930, 49, 83T) As this aynnresis proceeds a 
point is reached at w hich the appointed amount 
of standardised salt solution will just cause 
coagulation, and it is thus known that the 
x iscose is of the appropriate ripeness for spinning 
It will be noticed from the equation that an 
excess of free NaOH diminishes the rate of the 
spontaneous decomposition, by mass action, and 
hence increases the life of the dispersion and 
the ease of controlling the ripening, and it 
diminishes the viscosity by increasing the 
external osmotic pressure, therefore excess 
caustic soda is always employed Actually, 
it is found that about 7-tj% of total soda gives 
the maximum benefit and more produces salting 
out effects , in practice, however, the total 
soda cmplojcd is generally 3-6%. because it is 
found that this gives satisfactory results and 
consumes, by neutralisation, les3 acid in the 
setting bath, as nn economic offset These 
considerations have been of decisive importance 
in the mdustrj because the pressures required 
for forcing the viscose through the minute 
orifices of the spinnerets and through the 
porcelain (candle) filters emplojed are con- 
siderable. 

Exiirns.— Cellulose ethers are as yet of no 
industrial imtiortancc , they arc more difficult 
to prepare thin the esters, and espcrialij to 
ensure minimum degradation of the cellulose , 
cthenfying reagents ore rclativelj’ costly and 
the choice of suitable solvents and their 
economic recovery are not j et adequately 
explored. Nevertheless, it is to be anticipated 
that their comparative inertness and greater 
resistance to numerous reagents will qualify 
them os useful for many purposes, when the 
outstanding problems have been satisfactorily 
solved. 


The work of T. Purdie and J. C. Irvine (1903) 
on the alky lotion of sugars prepired the way for 
the alkylation of cellulose, and 0. Leuehs (1912) 
and L Ldienfeld (1912) took out early patents 
for the preparation of cellulose ethers. W. S 
Denham and H. Woodhouse (J.C.S. 1913 103 
1733, 1914, 105, 2337, 1921, 119, 81) 'have 
made 8j stematic studies of the detad of 
etherification A description of the preparation 
and some of the qualities of t nine thy leelluloce 
will here suffice, which are, hiutaii s ‘uiutandu. 
typical for other ethers as well. Alkali! 
cellulose prepared from cotton hnters is the 
raw material; it is tom into crumbs Rnd sub 
nutted to the action of the cthenfying agent, 
which is in this instance dunethj i sulphate, 
under pressure at 130° for 8 hours. The reagent 
must be in copious excess because much of it is 
saponified by the alkali present and is inoperable 
in consequence , commonly, the operation has 
to be repeated with another charge of reagent 
before a result approaching the theoretical is 
obtained In this w ay a methyl content of 43-14 
is attained, theory being 43 5 (as OMe) Trt 
methyl cellulose is soluble in cold water and in- 
soluble in hot w ater and this curious result seems 
to be an interesting instance of desolvation with 
rise of temperature and precipitation as the con 
sequence. Henco the product is purified by 
washing with hot water and cold aJeohol, in 
which it is insoluble Trimethjlcellulose dis 
solves easdy in pyridine, chloroform, benzene, 
glacial acetic acid, ethyl acetate, and many 
other solvents ; it is insoluble in ether and cold 
alcohol It can be thrown out of a benzene 
solution, ns a w Into powder, by light petroleum, 
and by slow evaporation it can be crystallised 
from solution in several solvents, sometimes as 
spherulites, sometimes as needles. 

The tnethylccUulose is usually made with 
ctbjlchlonde as reagent; it is insoluble in cold 
water, as well as hot, but otherwise its pro- 
perties are very similar to thoso of the methyl 
etber 

X rav spectral studies have been made with 
many of the ester and ether derivatives by K 
Hess and C Trogus (f c.) and they conclude 
that the introduction of groups into the chain 
leads to no alteration of the identity period, 
which remains always 10 34 ; but there is a 
change of the angle so that p 33° for the 
trinitrate, 93’ for the perchlorate ; the acetate 
seems to h.av e tw o forms and there are anomalies 
about its cell angle. In ev cry instance, however, 
only the tri-substitntion product is homo- 
geneous 

Jtact'nal Degradation — The usual result of 
any jirocess attacking cellulose, whether in the 
laboratory or in the factory or in nature, lead* 
to what is called “ degradation," wluch may be 
defined as a diminution of chain length and/or 
micelle dimensions with the formation of 
detritus products, frequently* oxidised. In 
nature such changes aro nlnavs occurring as a 
consequence of the processes of hv ing germs and 
enzymes; these changes are. no doubt, often, 
and perhaps always, symbiotic. The hcrhivora 
ingest oelfufose nnd a bacterial flora in their 
intestinal tracts converts it into sugars which 
tho beast uses as food ; the decay of vegetation 
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leads to the transformation of cellulose into 
products such as humus, peat, and coal. There 
are aerobic, anaerobic, denitrifying, thermo- 
philic, and other bacteria that appear to 
thrive on cellulose, in favourable circumstances, 
to yield a variety of products. The study of 
these processes is rudimentary, as yet, from the 
circumstances that pure cultures seem to be 
unattained and cellulose is in nature never 
unaccompanied by other substances. Hydrogen 
and methane are almost invariable products, 
carbon dioxide, formic and acetic acids, and 
many higher fatty acids, alcohol and lactic acid 
are commonly formed. H. Pringsheim (Zentr. 
Bakt. 1909, 23, 300) suggests that the inter- 
mediate production of sugars from cellulose is an 
cellulose is an essential of the bacterial nitrogen- 
fixation process. 

Compound Celluloses. — In the living plant 
cellulose is almost always in intimate association 
with a great variety of other substances. So 
intimate is this association that it has been 
customary to designate them “compound 
celluloses ” in the belief that there is chemical 
combination of the cellulose with them. Plant 
physiologists for purposes of classification have 
enumerated (a) lignocelluloses, ( b ) cuto- or adipo- 
celluloses, (c) pcctocelluloses. 

Lignocellulose is an aggregate of cellulose so 
intimately encrusted with lignin that it can be 
removed only by the drastic attack of reagents 
as already described. Nevertheless, the X-ray 
study of lignocelluloses shows invariably that 
the spectrogram obtained is that of cellulose 
itself; and the only permissible interpretation 
of that fact, according with diffraction theory, is 
that the lignin proper present has not an ordered 
arrangement, ns cellulose has, and hence is 
unable to display the diffraction spectra that 
would permit its constitution to be deduced 
ns lias been dono for cellulose. In lignocelluloses 
it is therefore an incrustant and nothing more 
and that diminishes the likelihood of there being 
a combination. K. Freudenberg (Ber. 1933, 
66 [Bl, 202) has studied the chemical .con- 
stitution for many years and concludes that 
there is no combination. 

The like reasoning applies to the cuticular or 
adipocelluloses, which are the characteristic 
components found in cuticular and cork 
materials. Fats, waxes, tannins, terpenes, and 
other substances in great variety can be isolated 
from them ; many of them are in industrial 
demand, for a variety of purposes, and their 
study belongs to plant chemistry rather than 
to the chemistry of cellulose. 

The pecjtocelluloses are associations of cellu- 
lose with pectic, often gummy, substances which 
may bo carbohydrates or akin to them ; they 
are often acidic, sensitive to hydrolysis and the 
action of ferments, yielding pectin, which 
is present in fruit juices. There appears to be no 
proper reason for supposing they are chemical 
compounds of cellulose. 

Celluloso in the necessities, amenities, and 
luxuries of life may be broadly classified as 
follows : 

(l)Food. — The foodstuff of the herbivora is 
partly celluloso which is converted by their 
intestinal flora into sugars; hence, indirectly. 


cellulose is ultimately a source of food for 
man. 

(2) Textiles. — Fine : cotton, flax, etc., for 
clothing, furnishing, and other fabrics. Coarse : 
jute, hemp, manila, sisal, etc., for coarse 
fabrics, wrappings, and cordage. Miscellaneous : 
straws, canes, coir, bast, kapok, in many arts 
and crafts. 

(3) Pulp and Paper. — From rag, commonly 
residues from the textile industries ; from wood 
(purified chemical wood and ground wood) ; 
esparto, straw for paper and for straw-board. 

(4) Constructional. — Timber for building, 
joinery, cabinet-making ; cork and linoleum 
industries, as adjunct. 

(5) Derivatives of cellulose, esters and reverted 
cellulose : 

(a) Explosives — nitrocellulose. 

(£i) Lacquers — nitrocellulose; acetylcellulose 
for aircraft dope. 

(c) Plastic masses — nitrocellulose for cellu- 
loid ; acetylcellulose for injection and 
other moulding. 

(d) Films — nitrocellulose for photographic 
and cinema film ; acetylcellulose for safety 
film ; tissues — mostly from viscose and 
some from acetylcellulose. 

(e) Rayon — 85-90% from viscose, remainder 
is acetylcellulose and cuprammonium 
rayon. 

(/) Surface treatments— Willesden canvas and 
paper, by treatment with cuprammonium 
hydroxide (Scliweizer reagent) ; vulcan- 
ised fibre, similarly with zino chloride ; 
vegetable parchment similarly with 
sulphuric acid; military webbing equip- 
ment is viscosed. 

(6) Decomposition products, miscellaneous. — 

(а) Bacterial — humus, peat, lignite, coal. 

(б) Wood distillation products. 

(c) Oxalic acid. 

Bibliography. — C. F. Cross and E. J. Bevan, 
“ Cellulose,” Longmans, London, 1918, and 
Researches I, II, III, (with C. Doree) IV, 
ibid. ; C. G. Schwalbe, “ Die Chemie der 
Cellulose,” Borntraeger, Berlin, 1911. These 
works are of historic interest. 

Modern works based on the newest conceptions 
are : K. Hess, “ Die Chemie der Cellulose und 
ihre Begleiter,” Akad. Ver., Leipzig, 1928 ; 
H. Mark, “ Physik und Chemie der Cellulose,” 
Springer, Berlin, 1932. 

The following are specialised : A. J. Hall, 
“Cotton Cellulose,” Bcnn, London 1924; 
A. C. Thayscn and H. J. Bunker, “ The Micro- 
biology of Cellulose,” Camb. Univ. Press, 
London, 1927; A. W. Schorger, “The Chemistrv 
of Cellulose and Wood,” McGraw-Hill, London, 
1926; C. Doree, “The Methods of Cellulose 
Chemistry,” Chapman and Hall, London, 1933. 
A. G. Lipscomb, “ Cellulose Acetate,” Benn, 
London, 1933. C. J. J F 

CELLULOSE LACQUERS AND 
cellulose ESTER SOLUTIONS. 
The 1 cellulose ” lacquers are solutions of cellulose 
esters in organic solvents. The ester employed 
is generally cellulose nitrate (nitrocellulose, nitro- 
cotton, pyroxylin, collodium cotton, collodion 
cotton) which has been pre-treated so that its 
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Rotation b3S a relatively low viscosity. A typical 
lacquer contains also varaisb gums, natural or 
synthetic. Solid plasticisers (plastifiers) of 
nitrocellulose may be present. The liquid 
ingredients are volatile solvents of nitrocellulose 
and of the varnish gums, low, medium, and 
high “ boilers ” being used, and volatile diluents 
petroleum or benzene hydrocarbons ; alcohol 
may be classed as a diluent although it acts as 
an auxiliary solvent for nitrocellulose and as a 
primary solvent for some of the varnish gums. 
Mixtures of non-solvents of nitrocellulose may 
function as solvents, e g. alcohol + benzene or 
toluene. Castor oil, sometimes added to increase 
the extensibility of the film, may be described 
as a softening agent. A cellulose lacquer like 
the older spirit lacquers, e g shellac in spirit, 
dries to a hard film by evaporation of the 
solvents, as distinguished from the oil varnishes 
which after the evaporation of the turpentine 
or other solvent dry by oxidation of the residual 
oil film. 

Ccllutoso solutions, on the other hand, should 
consist of cellulose dissolved or dispersed in 
aqueous ammomacal cupnc oxide, zinc chloride, 
banum thiocyanate or in cold concentrated 
hydrochloric acid or other dispersing agent. 

The cellulose lacquer industry has developed 
sine© the Great War, and, due to American 
enterprise, has attained considerable importance 
In 1933 there were manufactured in the United 
States, according to the latest census : 

II S Rail. Value, $ 

Clear cellulose lacquers 6,953,000 9,037,000 
Cellulose lacquer enamels 7,423,000 15,518,000 

In the Barae year the German output was 
valued at 21 8 million R.M The following 
particulars of production in the United Kingdom 
are obtained from the Fifth Census of Production 
(1035): 

1031 103 5 

Cellulose var- gals £ gals £ 

nlshea and 

Lacquers. 1,911.000 880,000 2,014,000, 878,000 
CWt. £ cwt £ 

Cellulose 

enamels 123,000 821,000 130,000 851,00. 

Industrial uses of collodium had been known 
suico 1855 (A. Farkcs, B P. 2359, 1855, and 
L. Corridcs, B.P. 745, 1855), hut although this 
and other nitrocellulose solutions had been in 
continued use, they were not important com- 
petitors of the spirit lacquers and oil varnishes. 
Only the large-scale production of low-viscosity 
nitrocellulose and of such solvents as n-butyl 
acetate and n-butyl phthalate made it possible 
to manufacture the types of cellulose lacquers 
described above. Atthis time, too, the American 
manufacture by mass production methods of 
motor cars, furniture and leather demanded 
quick drying finishes which could bo applied by 
spraying. 

The importance of the later stages iu the 
history of the art may be shown by a bnef review 
of the earlier solutions. Collodion w as described 
by SchSnbein (among others). Ho wrote to 
Berzelius on March 5, 1846, “ One of the most 
peculiar transformations I hare effected is 


m vegetable fibre which I have brought into such 
a condition that it is readily soluble in alcohol 
and ether, but unaffected by water, and if 
properly prepared possesses the transparency of 
glass ” Surgical collodium as prepared m 
different countries contains from 2 to 4 g. of 
nitrocellulose dissolved in 100 c.c. of a mixture 
of alcohol and ether which varies from 1 : 8 to 
1 . 3 by volume. 

For experimental purposes where so rapid 
evaporation is not required, two volumes of 
ether to one of alcohol is common. Collodium 
has a number of minor surgical uses depending 
on its rapid production of a transparent water- 
proof film, and also on the facility with which it 
dissolves castor oil, Canada balsam or colophony 
(flexible collodium) or drugs such as salicylic acid. 
The “ British Pharmacopoeia ” requires that the 
mtro-cellulose (pyroxylin) to be dissolved shall 
contain between 115 and 12 3% of nitrogen 
(a suitable percentage for lacquers) and that the 
viscosity at 20® of a 3% W/V solution in acetone 
shall he not less than 3 poises (e/. the viscosity 
of glycerol at 30®, 3 5 poises, olive oil at 15®, 
about 0 99 poises) Masson and McCall (J.C.S. 
1920, 117, 823) measured the viscosity in 
poises (c g b. units) of a solution of nitre 
cellulose, N 12 2%: e*=j/100 g acetone, ij= 
viscosity 

c 4-43, 5 05, 5 68, 6 31 

v 35 5, 117 0, 305 0, 867 0 
Acetone-, ethyl acetate , and acetic acid collo- 
dium each contain one solvent only. Acetone 
collodium exhibits the property of" blushing ” ok 
M chilling ” (> e. drying to a film which is wholly or 
partly white and opaque. The rapid evaporation 
of the volatile solvent cook the residual solution 
below the dew-point of the atmosphere, water 
is deposited and dilutes the sol rent so that the 
nitrocellulose is precipitated. 

Ether-alcohol collodium was used until 
recently in the manufacture of artificial silk by 
the process of the late Count Hilaire de Char- 
donnet. It was also used in the preparation of 
the first photographic emulsion — the wet plate 
Or collodion process of Scott Archer which 
survived the introduction of gelatine dry 
plates on account of its superiority for three- 
colour printing An important scientific uso of 
collodium is in the preparation of membranes 
for ultra filters (molecular eie\ es) and dialysis, 

1 eg. of antitoxins, blood, etc. (Bechold, Z. 
phjsikal. Chem. 1907, 60, 257; Kolloid-Z 
1931, 55, 172; M. Sigaud, Ann. Inst. Pasteur, 
1929, 43, 190; Krueger and Ritter, J Gen 
Physiol. 1930, 13, 409; General Discussion of 
the Faraday Society, Trans Faraday Soc. 1937, 
33, 1094, “Properties of membranes 

Ether-alcohol collodium exhibits a number of 
defects which has e been overcome in the modem 
lacquers ; it contains a very low percentage of 
solid residue, so that an extravagant quantity 
of highly inflammable solvent must not only be 
wasted but must pay freight to the consumer , 
it dries so quickly that it drags on a brush and 
cannot bo spread evenly over a large surface. 
It deposits a film with a pronounced tendency to 
separate as a wholo from a support, especially 
if this is bnght metal or glass. 
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Amyl Acetate Lacquers. — Progress was made 
by J. H. Stevens in 1882, when on behalf 
of the Celluloid Manufacturing Company, U.S.A., 
he patented the use of a number of solvents, 
including amyl acetate (U.S.P. 269340) and a 
non-solvent, fusel oil (U.S.P. 269344). Technical 
amyl acetate, which contains the acetates of 
the alcohols found in fusel oil, is one of the best 
solvents for nitrocellulose; its boiling range, 
100°-145°, indicates evaporation at a convenient 
rate (for vapour tensions of solvents, see 
Reehenburg, “ Distillation in Theorie und 
Praxis.” The chief objection to its use is the 
powerful odour of pear drops. Fusel oil, when 
purified to technical amyl alcohol, was from the 
first a valuable constituent of these lacquers, 
and prevented white drying. Added to modern 
lacquers it assists in dissolving shellac, sandarac, 
and other natural gums, also “ester gum” 
(v. p. 472) and glyceryl phthalate resin. Ben- 
zine, as a diluent, appears in Fields U.S.P. 
381354, 13/8/1887, tho proportions being 

propyl and butyl acetate 4 gals., benzine 4 gals., 
methyl alcohol 2 gals., pyroxylin 2£ lb. ; acetone 
may be substituted for the methyl alcohol. In 
Imperial measure this formula is a 3% W/V 
solution of nitrocellulose. The same inventor 
adds shellac “ on account of its adhesive pro- 
perties ” to a solution of nitrocellulose, 3% 
W/V, in amyl acetate, amyl alcohol, and methyl 
alcohol (U.S.P. 422195, 25/2/1890). Lacquers 
of the last mentioned types and known as “ cold 
lacquers ” were in use in Birmingham about 
1900 ; to some extent they replaced spirit- 
shellac lacquers (“ hot lacquers ”), which were 
dried in hot air. Nitrocellulose at this time was 
the high-viscosity variety, and could be pur- 
chased damped with 30% methylated spirit, so 
that the dangerous operation of drying was 
avoided when the formula contained alcohol. 
That low-viscosity nitrocellulose of satisfactory 
quality in all respects would open up a wide field 
for nitrocellulose lacquers was known both in 
England and the United States, the available 
collodium cotton yielding solutions which were 
too viscous for use ns lacquers at concentrations 
beyond about 6 to 8 oz. per imperial gallon. 
A low-viscosity nitrocellulose had, however, 
been made by a method that, was both un- 
economical and dangerous — nitration with a 
hot acid bath (Tucker, Ind. Eng. Chem. 1921, 
13, 624). This author describes the use in the 
leather industry of a 40-second nitrocclluloso 
defined by the viscosity of a solution of 1 lb. 
nitrocellulose in ono U.S. gallon of mixed solvent 
70% ethyl acetate and 30% benzene, deter- 
mined by observing the time of fall of a steel 
ball yj. in. diameter through 10 in. of the 
solution (c/. infra). The solvents for the coating 
solution were acetone oils, benzene and alcohol. 
By 1925 the half-second nitrocellulose had 
appeared in America (Keyes, Ind. Eng. Chem. 
1925, 17, 558 ; for patents v. Applied Chemistry 
Reports, 1926, 11, 132). The solid content of 
lacquers could now bo increased to 32 oz. per 
U.S. gallon (38-4 oz. per imperial gallon) con- 
sisting frequently of about 22 oz. half-second 
nitrocellulose and 10 oz. of resin, so that the 
required weight of dry finish on a wood surface 
could be obtained in three coats. The four 


common types of nitrocellulose available were 
(1) alcohol-soluble with 11-5 to 11-7% N and a 
viscosity of a half-second ; (2) R.S. (regular 
soluble) nitrocellulose of the same viscosity 
but with 12-0 to 12-2% N ; (3) Dope nitro- 
cellulose with 11-8 to 12-4% N and a viscosity 
of 15 to 30 seconds; (4) lacquer nitrocellulose 
containing 11-8 to 12-4% N with a viscosity of 
60 to 80 seconds. 

Uses. — (1) For lacquers containing resins 
which require a low ester and high alcohol 
content in the active solvent ; (2) for modem 
wood and metal lacquers ; it is soluble in esters 
and ketones alone or when mixed with alcohol ; 
(3) chiefly for coating artificial leather; (4) in 
the older type of brass and metal lacquors, for 
many years. 

The resin constituents (gums for spirit and oil 
varnishes) are added to give the film a brilliant 
gloss hardness, adhesion, and body, and to 
render it more impervious to water. The 
hardness of the film may be increased so that it 
can be rubbed down as with the coach type of 
oil varnishes. With increasing resin content the 
film tends to be brittle, but addition of resins 
does not raise the viscosity to the unmanageable 
values of the older nitrocellulose lacquers — 
the effect on viscosity of 8 oz. of nitrocellulose 
has been compared to that of 32 oz. of shellac — 
figures which would be influenced greatly by the 
nitrocellulose, solvents, and diluents employed. 
Good adhesion, not a property of nitrocellulose 
solutions, is obtained by adding gums such as 
shellac, elemi, kauri, etc., less efficient are 
sandarac and mastic. Dammar is described 
as yielding a soft and tough film, while additions 
of rosin, as with oil varnishes, may produce 
brittleness. 

Keye’s (he.) classification of solvents into the 
following classes is based on the boiling-points 
quoted, although vapour tensions at room 
temperature would correspond better to prac- 
tice. Low Boilers (b.p. <100°). — Ethyl acetate, 
77° ; ethyl alcohol, 78° ; acetone, 57° ; benzene, 
80°. Medium Boilers (near 125°). — Diethyl car- 
bonate, 125° ; butyl acetate, 125° ; amyl acetate, 
138°-142°; butyl alcohol, 117°; amyl alcohol, 
126°-132°; toluene, 111°. High Boilers (b.p. 
between 150°-200°). — Ethyl lactate, 155°; di- 
acetone alcohol, 164° ; xylene, 143°. Plasticisers 
and Softeners (boiling near 300° or above). — 
Tricresyl phosphate>350°; triphenjd phosphate 
f>325° ; diethyl phthalate, 290° ; dibutyl 
phthalate, 340° ; diamyl phthalate>340° ; 
triacetin, 267°. The three non-solvents of nitro- 
cellulose, benzene, toluene, xylene, are included 
because of their solvent action on resins, and 
possibly because of their effect in admixture with 
ethyl alcohol (in which mixture nitrocellulose 
partly dissolves). 

The value of the low boilers is in reducing the 
viscosity of spraying lacquers, and in evaporating 
quickly ; being the least expensive ingredients, 
the}- serve to reduce costs. Flowing of the. 
lacquer to form a uniform smooth surface is 
partly due to the medium boilers, whilo the high 
boilers not only assist flow but are residual 
solvents which retain the nitrocellulose and 
resin in solution, and thus prevent blushing or 
white drying due to precipitation of both or 
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either ingredient. The deposit of w ater from the 
atmosphere, due to the cooling effect of the 
evaporating solvents, may be re-evaporated as 
an azeotropic mixture of, for example, benzene, 
alcohol, and water, before precipitation can 
occur. The non solvents of nitrocellulose, butyl 
and aroyl alcohol included in the medium boilers 
are useful for preventing blushing and as resin 
solvents. There is scope for much ingenuity 
in so formulating the lacquer that the effects 
of changes m composition during evaporation 
are compensated, while at the same time the 
cost is reduced by the presence of as much 
inexpensive diluents as the final effect permits. 

Dilution Ratio or Solvent Poicer is a measure 
of the maximum volume of a diluent which can 
be added gradually without causing precipita 
tion to a well stirred nitrocellulose solution at a 
specified temperature (20°). The volume of 
diluent divided by the volume of solvent [eg 
20 c c in which 2 g half second nitrocellulose 
had been dissolved) gives the required figure. 
The value of a diluent to the lacquer manu- 
facturer is proportional to the dilution ratio in 
which it plays a part. Davidson and Reid 
(Ind Eng Che'm. 1027, 19, 977) confirmed the 
opinion that greater volumes of diluent aromatic 
hydrocarbons than of petroleum hydrocarbons 
can be added. They found, for example, that the 
monoethylether of ethylene glycol has a dilution 
ratio of 5 2 for toluene and 0 8 for gasoline 
Kevea (J.c.) measured the number of cc of 
tomcoe added until a turbidity persisted in 
100 c.c. of solutions of the following solvents 
of R S nitrocellulose (c supra) 240 g per litre 
(32 oz per U.S. gallon) and reported diethyl 
carbonate, 150, butyl acetate (85%), 240, 
amyl acetate (85%), 280; diacetone alcohol, 
340, tricresyl phosphate, 380, diethyl 
phthalate, 480, ethyl lactate, 700 Brown and 
Bogin's (ifcid 1927, 49, 968) determinations 
were earned out to give the dilution ratio at 
a final concentration of about 8% nitro- 
cellulose (ordinary lacquers have 8 to 12%). 
Under these conditions the ratio for added 
toluene is 2 93 for n butyl acetate as solvent, 
180 for cthjl lactate, 8 00 for dibutyl tartrate. 
When employed as a diluent, butanol (n-butyl 
ilcohol) gave a dilution ratio with n butyl 
icetatc, 8 2, cthjl lactate, 10 2, dibutjl tar- 
tratc, 15 0 

I ucosity . — The nitrocellulose is usuallj’ pur 
chased damped with 30% of ethjl or of no- 
propvl alcohol, it is dried before making up the 
standard solution The usual classification 
from | second upwards is based on the falling 
sphere method apphed to a standard solution and 
is due to the Hercules Powder Co , V S A This 
solution contains nitrocellulose, 12 2% , alcohol, 
(05%). 22 0%; ethyl acetate (99%). 17 5%; 
benzol (90'), 48 3%. all \V/\V% It is placed in 
a glass tube 14 in long and 1 in in diameter, 
having marks 2 in from each end, contained 
in a bath of 25'. A steel ball (ball bearing) j' 4 -in 
diameter, weighing, about 2 05 g, is dropped 
axially’ into the solution and falls between 
the two marks, 10 jn. apart, in a time which is 
measured in seconds by a stop watch 

In Nobel’s method 3, 10, 20, 40, or 60 g of 
nitrocellulose in order of decreasing viscosity of 


the samples are dissoh ed in 100 ml. of aqueous 
acetone, d]° 0 8097 (nearly 95% v/v). The 
steel ball is j^-in. diameter and the time of 
fall (t) through 15 cm. of the solution at 20 1 
is observed, the tube used resembles that 
described in B S.S 188, 1937, “ Determination 
of Viscosity,” p 24. The time is calculated to 
viscosity megs units based on (/) 19 seconds, 
for castor oil, 0 96 ; with the dimensions 
chosen, f/2 for the nitrocellulose solution is for 
practical purposes equal to the kinematic vis 
cosity in stokes 

The half-second nitrocellulose of the Hercules 
Powder Co corresponds to an I C.I. product with 
11 8 to 12 3% N, of which 40 g dissolved in 
100 ml. of 95% acetone yield a solution with & 
kinematic viscosity of 45 c g s units The 
relation of apparent viscosity to ease of applica- 
tion is shown by Mardle’a figures (J Oil Col 
Chem. Assoc 1935,18,12) A viscosity of 4 to 5 
poises at 20° appears to be suitable for brushing 
to yield a film weight on metal of 1 oz. per aq jd 
and a viscosity of about 3 poises for spray 
application using 50 lb per sq in air pressure 
(To convert the units dynamic viscosity in 
poises— density=kinematic viscosity in stokes ) 

For recent w ork on the viscosity of solutions of 
nitrocellulose see papers by Staudinger and other 
authors in “ Colloid Aspects of Textile Materials,” 
General Discussion, Trans Faradav Soc 1933, 
29. 18, 32, 110, 122, Staudinger and Sorkin, 
Bcr 1937,70, [Bj, 1993, Phihpoff, Angew Chem 
1936. 49. 855 , Tamguchi and Sakurada, J Soc 
Chem Ind. Japan, 1937, 40, 121B, Shmoda 
and Inagaki, Cellulose Ind 1936, 42, 256, 
Houwink and Klaassens, KoJJoid Z 1937, 79, 
No 2, 138 The patented processes for reducing 
the viscosity of nitrocellulose are reviewed by 
Major, Rev’ gen. mat plast 1936, 42. No 7, 
199 

M. G. Milhken (Ind Eng Chem 1930,22,327) 
describes the manufacture of nitrocellulose of 
low viscosity by the Hercules Powder Co, 
Wilmington, Del , U.S.A Experimental heat- 
ing of mixtures of nitrocellulose in water, in 
autoclaves revealed the connection between 
timeof heating.temperature. viscosity reduction, 
and degree of denitration (Fig 1) The decom- 
position products are removed by subsequent 
washing, m contrast to methods of reducing the 
viscosity of nitrocellulose in solution At one 
time brick lined steel digesters were in use hold 
ing 4,000 lb of nitrocellulose and 60,000 lb 
of water, but difficulties were experienced in 
providing adequate removal of the gases arising 
from the denitration winch accumulated in the 
fibrous nitrocellulose causing false water levels 
and dry spots m the digesters To avoid these 
hazards, a continuous process was adopted in 
which the suspension of nitrocellulose and water 
is pumped through a 4-in pipe 4,000 ft long, 
heated by a steam jacket for a distance at the 
entrance end and cooled by a water jacket near 
the exit end. A stand pipe 200 ft high is con- 
nected to the exit, and at the top the mixture 
of water and nitrocellulose overflows into a 
descending pipe delivering into tubs below 
(Fig 2) Reduction to half second vi«co«itj w 
obtained in 25 minutes, which is the timeof 
travel through the pipe. A section of Pyrex 
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tubing in the coil near the exit enables the 
velocity of the material to be observed (Fig. 3). 
The coils of the continuous digester (Fig. 4) 
designed to prevent the formation of gas pockets, 
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increasing the body of a lacquer or for imparting 
waterproofing properties to shellac solutions. 
Forty-second and seventy-second types were 
specially prepared to avoid the usual gelatinisa- 
tion when mixed with bronze powders, twenty- 
second and seventy-second for dipping lacquers 
for silver, dope nitrocellulose in the wide range 
of viscosities 20 to 200 seconds. 

Solvents . — The name of one of the low boilers 
might be misunderstood — it is “ methyl acetone,” 
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contain a charge of 600 lb. nitrocellulose (c/. 
B.P. 301267, 338941, Hercules Powder Co., 
Assees of M. G. Milliken). 

The types of nitrocellulose were again 
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classified by Partridge (Ind. Eng. Chcm. 1929, 
21. 1014) ; half-second and four-second for 
motor car and wood-finishing lacquers, eight- 
second for wood lacquers, fifteen-second for 


In ease the Pyrex tube, with nitrocellulose-water 
mixture passing through 

this is a mixture of varying proportions of 
acetone, methyl alcohol, and methyl acetate. 
The former B.E.S.A. specification 2DJ stated 
the following properties : d 15 0-830 ; b.p. 50°- 
70° ; acetone 45 -60% ; clearly soluble in water 
in all proportions. 

As a result of the success of the Commercial 
Solvents Corporation in working the Weizmann 
process (for history, v. Gabriel and Crawford, 
Ind. Eng. Chem. 1930, 22, 1163) of fermenting 



Fig. 4. — Continuous Digester Coils 

maize starch to give acetone and « -butyl alcohol, 
this alcohol and hence the corresponding acetate 
and phtlmlate became available in large 
quantities for the lacquer industry (for manu- 
facture from acetylene, r. Vol. I,' Acetylene, 
Acetaldehyde). " The supplies of “amyl” 
alcohol and “ amyl ” acetate were increased by a 
synthetic process starting from a mixture of 
n-pentane and isopentane. 
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cye/ollexy 1 acetate and met hy Icyc/ohe xy 1 
acetate resemble am} I acetate. Jlcthjl ethyl 
ketone nas well known as a solvent before 
and during the Great War, compared with 
acetone its slower evaporation renders it less 
Liable to blu-htng, but its dilution ratio with 
benzene is lower, being 4-69. cyc/oHexanone 
and metbylryflobexaDone have dilution ratios 
with benzene even higher than acetone, 8 6 and 
S 0 respectively according to the measurements 
of Nobel's Explosive Co 
Bogin (Paint, Oil and Chem Rev. 1936, S3. 
No. 10, 9) states that the usual diluent is now a 
mixture of equal parts of toluol and naphtha 
Since butyl acetate tolerates additions of this 
mixture better than ethyl acetate, the latter 
aolvent has lost any advantage it formerly 
possessed as an ingredient for reducing viscosity 
The properties of a lacquer film depend partly 
on the retention of solvents, which itself is 
influenced by the nature and amount of the 
plasticisers Bogin and Wampner (Ind Eng 
Chem, Ind Ed. 1937, 29, 1012) found the 
solvents retained at no flow point amounted to 
20-35% of the weight of the film, at dry point 
12-20%, and after three weeks’ ageing 5-8% 
The properties of solvents and diluents and 
the prevention of blushing are considered by 
B K Brown (rod. Eng Chem I92S, 20, 183) 
and by Davidson and Reid (ibid 20, 199) 
Two instances of formula; will be given The 
solvent mixture used by Rogers and Banta 
(tbid 20, 19S), contained ethjl acetate 10 pans, 
butyl acetate 25, dibutjl phthalate 5, butanol 
10, toluene 31. The solids were half second 
nitrocellulose wet with 30% alcohol 8 parts, 
ester gum 7, curaar resin 4 
B. K. Brown (ibid 1925, 17, 568) prepared 
a mixture of butyl acetate 25%, ethyl acetate 
15%, butanol 10%. toluene 42%, x}lene S% 
The finished clear lacquer contained the following 
solids dissolved in one (U S ) gallon of the 
mixed liquids nitrocellulose (2$ seconds) 8 oz , 
dammar, 9 oz ; ’’ester gum," 2 oz 
British Standard Specifications — The following 
have been issued for solvents and diluents, those 
listed with D numbers relate to aircraft dope and 
ingredients* i e primarily to cellulose acetate 
solutions clear or pigmented. 

Low Boilers — Acetone, 3D22 and 509, 1933, 
ethjl acetate. 533, 1031, roethjl ethyl ketone, 
31)1; “mcthvl acetone,” 2D1 ; ethjl alcohol 
3D9 and 507, '1933, methyl alcohol, 506. 1933, 
benzol 3D10 

Medium Boilers — Normal but}] alcohol 
(butanol), 508, 1933 , butyl alcohol, 2D17. butyl 
acetate, 3D4; normal but}] acetate, 551, 1934; 
nmvl acetate, 3D3«nd 552, 1934. 

High Boilers — Diicvtonc alcohol, 549, 1934, 
ethyl lactate, 663, 1936 
The chief absentees are amyl alcohol (B S S 
696 for this substance relates to milk analjsis), 
isopropvl alcohol, ethjlene gljcol monoethji 
ether and its mono acetate, ryc/ohexanone and 
m e t h} V.ydo he va none, toluene, xylene, and 
ligroin 

Plasticisers (plastificre) for purposes of 
classification are substances which gelatinise 
nitrocellulose and are retained to a greater or less 
extent by the lacquer filzn after the evaporation 


of the solvents The typical plasticiser u 
camphor, which plaj-3 an essential part in the 
manufacture of celluloid, and is therefore con- 
tamed m lacquers made by dissolving celluloid 
scrap or film scrap containing camphor. It u 
impossible to draw a sharp distinction between 
plasticisers and high boding solvents. 

British Standard Specifications hare been 
issued for the following substances: diethyl 
phthalate, 574, 1934; dibutjl phthalate, 573, 
1934, trmcetin, 2D11; tripbenyl phosphate, 
3DI2. Castor oil (for mtro dope coverings) is 
specified in 3D5 but is a softening agent rather 
than a plasticiser as it exudes from the film if 
present in high percentage of the nitrocellulose 
Blown castor od, largely used in leather cloth 
lacquers, and the important tncresyl phosphate 
are not the subjects of British Standard Specifica- 
tions Triphenyl phosphate is specified m 
3D12. 

A Kraus (Farbe u Lack, 1937, No. 5, 9; 
No 7, 79, No. 8, 89) while confirming the 
satisfactory properties of dibutyl phthalate 
considered diphenv 1 phthalate to be the best of 
the plasticisers tested m cellulose enamels. 
Tnamyl citrate also gave good results in 
enamels containing dammar Benzjl but} I 
phthalate and tnphenyl urea improved the 
resistance of the films to weathering Refer 
ences are given to patent literature In an 
earlier publication (ibid 1934, 39, 63) this 
author compared 41 plasticisers of mtro 
cellulose including butyl tartrate and but} I 
oleate, these gave satisfactory elongation and 
tensile strength of the film. Previously (idem , 
ibid 1933, 545, 556) it was found that the 
yellowing of nitrocellulose films and the extent 
of decomposition on exposure to ultra violet 
light was not parallel with the alteration in 
mechanical properties Vohtdity of the plasti 
cisers and the durability of the films were not 
directl} proportional to one another (ibid 1934, 
279, 291 ) Pfeiffer and Speicher (Famt, Oil and 
Chem Rev. 1936, 98, No 10, 16) state that 
although nitrocelluloses of J- and J-sccond 
viscosity yield relatively weaker films, their use 
in lacquers permits the solid content of a 
s.pra.yw .5 liccyaev to be cao.sideva.bl} increased 
Ratios of resin to nitrocellulose of 3 2 (Farben- 
Ztg 1936, 41, 56) and 2 l (Nitrocellulose, 
1936, 7, No. 1, 35) have been specified in 
Germany 

Resina (Varnish Gums) — Strong solutions of 
the resins in the diluents are convenient for 
mixing with the solution of nitrocellulose in 
solvents and plasticisers, and permit the 
removal of wax from shellac and dammar 
Other natural resins used are elemi for flexibility, 
and mastic The most important sjnthetic resin, 
“ester gum” (prepared by heating gfjcerol, 
and rosin), is very soluble in benzene, Shellac 
may sometimes be substituted by a phenol- 
formaldehyde resin Glyptals. prepared by 
condensing phthalic anhydride and glycerin, are 
much used in the form of alkjd resin* of the 
type made by condensing glycerol with phthalic 
anhydride and fatty acid from a non-drying oil. 
Their effect is to increase the gloss, adhesion 
and fastness to light of Cellulose lacquers, «* 
which they can substitute part of the mtro- 
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cellulose and plasticiser (Bond, J. Oil. Col. Chem. 
Assoc. 1936, 19, 225). 

Glyptals containing unsaturated acid group- 
ings from drying oils are used in priming 
lacquers on wood. Cellulose undercoats were 
unsuccessful in Mardle’s tests, (ibid., 1935, 18, 
12) and adhesion on metal surfaces was best 
obtained when ordinary linseed oil paints formed 
the undercoating. 

Cellulose Enamels (Pigmented Cellulose 
Lacquers) are manufactured with the aid of the 
ordinary grinding plant of a paint factory by 
grinding together the pigment and liquid 
plasticiser and mixing the paste with the 
nitrocellulose solution containing the remaining 
ingredients. 

B. K. Brown (i.c.) prepared an enamel by first 
grinding 3—1 lb. zinc oxide in a ball mill with the 
nitrocellulose solution already described (v. 
supra) and then adding the diluents. (In this 
method of grinding evolution of nitrous fumes 
sometimes occurs.) The resulting enamel gave a 
film which cracked on bending, but on adding 
6-5 oz. dibutyl phthalate a highly flexible coating 
was obtained. W. Toeldte (Farben-Ztg. 1931, 
37, 448) records the results of numerous- tests of 
cellulose enamels. 

Cellulose Acetate, containing acetyl groups 
equivalent to about 54% C 2 H 4 0 2 , dissolved in a 
mixture of acetone alcohol and benzene with a 
small proportion of benzyl alcohol and triphcnyl 
phosphate, has been largely used for doping the 
wings of aircraft. The coated linen becomes 
taut and rigid as the solvents evaporate. The 
cellulose acetate layers were then covered with a 
coating of a pigmented nitrocellulose solution 
containing amyl acetate and castor oil. The 
khaki pigments (ochres and red oxide of iron) 
absorbed the ultra-violet rays of sunlight and 
were used because F. W. Aston showed that 
the unprotected cellulose acetate layers were 
transparent to ultra-violet, rays which caused 
the deterioration of the linen fabric. 

Relevant British Standard Specifications are : 
cellulose acetate, 2D50 ; properties of aeroplane 
doping scheme, 2D101 ; nitrocellulose syrup, 
2D8 ; yellow ochre, D26 ; zinc oxide, 2D27 ; 
red oxide of iron, 2D28 ; identification red, 
2D29 ; carbon black, 2D30 ; ultramarine blue, 
2D31 ; aluminium powder, 2D32. An Air 
Ministry specification for cellulose finishes is 
D.T.D.C3. 

Cellulose Ethers. — The great stability of ethyl- 
cellulosc and of benzylcellulose and the 
solubility of certain types in the cheaper solvents 
benzene and alcohol are desirable properties, 
but no commercial lacquers containing these 
ethers are recorded by Traill (J. Oil Col. Chem. 
Assoc. 1936, 19, 248). 

Application. — Dipping. — Electroplated silver 
articles ns well as brass and bronze goods are 
often finished by dipping in a dilute colourless 
quick-drying lacquer, removed, allowed to drain, 
and dried in an oven at about 60°. An invisible 
protective film remains on tho goods which 
prevents tarnishing during storage. Defects 
of the process are “ greening ” if the lacquer is 
acid, or an iridescence duo to “ Newton’s Rings ” 
if the lacquer film is too thin. Coloured trans- 
parent lacquers are unsuitable for dipping, for 


differing shades of colour are seen where the 
film is of -uneven thickness. Colour can be 
imparted by immersing the dipped goods in 
solutions of basic dyes for a few seconds and 
then washing in water. Pencils, penliolders, 
walking sticks, metal and wood knobs, toys are 
dipped mechanically by means of a device hold- 
ing a number of the articles. Wings of motor 
cars are also dipped as part of a continuous 
process of manufacture. 

Brushing. — This method is used for coating 
optical instruments, embossed name plates, 
metal parts of aircraft, toys, lampshades, with 
clear or pigmented lacquer, in some cases above 
an undercoat of an oil paint tvpe, and for 
doping airplane wings above a coating of diluted 
dope (cellulose acetate solution). 

Spraying. — Por the mass-production of motor 
cars, furniture, coated leather, and many small 
articles, quick drying finishes, rapidly applied 
by spraying, are essential. Spraying may be 
hand-operated or mechanical, and must be 
carried out in a. suitable, rapidly renewed 
atmosphere, e.g. in spraying cabinets adequately 
ventilated so that no mixture of vapour and 
air can form, which would he noxious to breathe 
or capable of exploding by an electric spark or a 
flame (“ Explosive Properties of Lacquer Solvent 
Vapour,” Richardson and Sutton, Ind. Eng. 
Chem. 1928, 20, 187; v. infra, Regulations). 
The spray gun or pistol comprises a nozzle 
connected with a cup or container for the 
lacquer and also with a flexible pipe supplying 
compressed air, the cup and nozzle being 
mounted on a hollow handle which is the air 
inlet. The lacquer is projected in a fine spray 
(like that from an atomiser), fan-shaped for 
covering large surfaces or as a narrow jet. 
Compared with brushing, a thinner coat and 
better adhesion are obtained with lower cost for 
time and material. 

Regulations regarding fire hazards, etc., and 
dangers to health. — Explosives Act, 1875, Section 
3, Note A. — Collodion cotton in solution in 
ether and alcohol or wet with water, or saturated 
with methylated spirit is not within the meaning 
of the Act ; “ Memorandum on the Manufacture, 
Use and Storage of Cellulose Solutions,” Factory 
Department of the Home Office ; “ General 

Railway Classification of Goods ” ; “ Classifica- 
tion of Dangerous Goods by Merchandise 
Trains ” ; “ Carriage of Dangerous Goods 

in Ships,” Board of Trade Notice 130, 1933 ; 
Regulations under the Petroleum Acts, Home' 
Office, 1934, define an inflammable liquid for 
use in cellulose solutions to mean any liquid 
which in the official test (Second Schedule to 
the Petroleum (Consolidation) Act, 1928, [a] ) 
gives off an inflammable vapour below 90°F. ; 
A Guide to the Factories Act, 1937, H.M. 
Stationery Office. 

Recent Bibliography. — E. C. Worden, “ Tech- 
nology of Cellulose Esters, Nitrocellulose,” 
5 vols., E. & F. Spon, Ltd., London, 1921 ; 
F. Sproxton, “ Cellulose Ester Varnishes,” 
Ernest Benn, Ltd., London, 1925 ; Brown and 
Crawford, “ Survey of Nitrocellulose Lacquer,” 
Chemical Catalog Co. Inc., New York, 1928; 
S. Smith, “ The Cellulose Lacquers,” Sir I. 
Pitman & Sons, Ltd., London, 1928; S. P. 
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Wilson, “Pyroxylin Enamels and Lacquers," 
Constable A Co , Ltd , London, 1928 ; C. 
Bianei, “ Cclluloseestetlacke,” German transla- 
tion by A. Weihe, J. Springer, Berlin, 1931; 
R. G. Daniels, " Nitrocellulose Lacquer Manu- 
facture,” L, Hill. Ltd., London, 1933; F. 
Zimmer, ‘‘Nitrocellulose Ester Lacquers,” 
English translation by H. K. Cameron, Chapman 
and Hall, Ltd , London, 1934 , A Jones, 
“ Cellulose Lacquers, Finishes, and Cements,” 
C Griffin k Co , Ltd , London, 1937 ; “ Toxicity 
of Industrial Organic Solvents," Industrial 
Health Research Board, Report No 80, H M. 
Stationery Office, Londpn, 1937, Nobel's 
Explosives Co, Ltd, “Industrial Nitro- 
cellulose,” Imperial Chemical Industries, Ltd , 
London, 1938; T H. Durrans, “Solvents," 
4th ed , Chapman and Hall. London, 1938, 
C Ellis, “ Synthetic Resins and their Plastics," 
Chemical Catalog Co. Inc , New York , “ Deter- 
mination of Viscosity of Liquids m Absolute 
(COS) Units," B S 183, 1937 
Periodicals — British and American Chemical 
Abstracts; Chemisches Zentralblatt , Review 
of Currant Literature (Research Association 
of British Paint, Colour and Varnish 
Manufacturers) , Annual Reports of the 
Society of Chemical Industry , Cellulose- 
chemie , Nitrocellulose . Far bo und Lack ; 
Farben-Zeitung; Zeitschrift fur da9 gesamte 
Schiess- und Sprengstoffn esen , British Plastics 
ano Moulded Products Trader, Journal 
of Industrial and Engineering Chemistry , 
Paint, Oil and Chemical Renew, Drugs, Ods 
and Paints; American Paint and Varnish 
Manufacturers Association Circulars, Journal 
of the Oil and Colour Chemists Association ; 
American Paint Journal, Official Digest, 
Solvent News , Kunststoffe ; Kolloid-Zeit- 
schnft; Lc Caoutchouc et la Gutta-percha; 
Revue Genlralc dcs Matieres Plxstiques; 
Rex uc G£n£rale dcs Colloides , Oil and Colour 
Trades Journal, American Paint Journal; 
Synthetic Finishes, Paint, Colour and Lacquer 
Manufacture, Welthteratur der Farbenchemie 
The Journal of the Society of Chemical Industry, 
Anpewandte Chemie. Chcmiker Zeitung have 
published papers on the subject. ISC 

CELLULOSE PLASTICS. 

CELLULOSE ESTER PLASTICS 
ISTBODCCTIOS — ' The cellulose esters which 
have developed to industrial importance are 
nitrocellulose and cellulose acetate The in- 
dustrial exploitation of both esters has developed 
x cry rapidly during the present eenturx At the 
beginning of this century the major industrial 
application of nitrocellulose, npirt from n«e in 
cxplosixcs, was in the manufacture of celluloid 
Cellulose acetate has been known since I860 
During the War it xxas used in the manufacture 
of aeroplane dopes, but since then it has become 
of commercial importance 
The outstanding feature in the manufacture 
of nitrocellulose celluloid is the u«e of camphor, 
which is a unique plasticiser. Cellulose acetate 
celluloid has two adxantages oxer ordinirv 
nitrorrllulose celluloid — non-inflamma bdity anil 
freedom from discoloration on exposure to sun- 
light, but has the disadvantage of lower tensile 


strength. The inflammability of celluloid has 
proved a serious drawback. Many large stores 
now refuse to stock celluloid articles because 
of the fire risk Consequently' synthetic resins 
have been used in the manufacture of many 
articles previously made tn celluloid. 

The discoloration of nitrocellulose celluloid 
is a drawback in some u«es of clear celluloid, 
for instance, in safety glass interlayers. Certain 
types of green glass, which lessen tho passage 
of actinic rays, have been employed in order 
to reduce the rate of discoloration of the celluloid 
interlay er. Other manufacturers, however, have 
preferred to use a cellulose acetate interlayer. 
More recently the laminated type of safety 
glass has been largely replaced m Britain by 
heat hardened glass 

Photographic and cinema films are still made 
principally from nitrocellulose. Certain ” safety” 
films are made from cellulose acetate, and cinema 
films for home use must be made from this 
ester. Scrap cinema film is employed by some 
manufacturers for the preparation of lacquer*, 
enamels and leatherclotb, hut most manu- 
facturers prefer to start from a nitrocellulose 
of known properties Cellulose acetate is al«o 
cast into thin films, 0 001 in thick, used for 
wrapping and for electrical purposes 

Another type of cellulose acetate film now 
prepared is one which has a strengthening layer 
of wire netting These films are used in cold 
frames and greenhouses, being lighter and 
cheaper than glass and, in addition, being claimed 
to have the advantage that the cellulose acetate 
permits the passage of more ultra violet light 

Sheets of celluloid are moulded into various 
articles — toothbrush handles, brush backs, 
tnnket boxes, etc, at a temperature of about 
220°F. Attempts made to prepare mtro 
cellulose moulding powders have not been 
very successful Fire retarding plasticisers, such 
as trtcresyl phosphate, and fillers such as 
gypsum have been used to reduce the inflam- 
mability. The moulding conditions arc difficult 
and temperatures above 120 C C are dangerous 
Cellulose acetate, on the other hand, is the 
basis of various types of thermoplastic mould 
ing powders which are widely used especially 
in injection moulding. 

The first artificial silk (or rayon) of any im 
porta nee was made from nitrocellulose by the 
Chardonnct process. The nitrocellulose w as dis- 
solxed in on alcohol ether mixture and spun 
into filaments by extruding through glass 
capillaries After twisting, the xnm was de- 
nitrated in a mixture of sodium and ammonium 
hj drosulpludes This Chardonnct process was 
gradually displaced by the cuprammonium and 
later bx the viscose process and xias finally 
abandoned in 1933 A very important part of 
the rayon output is now made from cellulose 
acetate. In nil these industrial applications 
the cellulose acetate is the partially hydrolysed 
acetone soluble type with an acetyl i«!ue of 
52-56%. calculated as acetic acid 

The production of low x ixcosity nitroecllutoses, 
viscosity 10-140 c g s measured in 40% solution 
m 93% acetone, speeded the use of nitrocellulose 
in the lacquer industry. Spraying, brushing 
and dipping lacquers and enamels have been 
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prepared, but the greatest production is in the 
spray type for car finishes, furniture finishes, 
and interior decoration. Synthetic resins, 
particularly the phthalic anhydride-glycerol 
type, have gradually made inroads into this 
field, and some makes of cars are now being 
finished in synthetic resin compositions. Nitro- 
cellulose dopes are also used in the shoe industry 
as adhesives, as stiffening dopes for toe-caps, 
etc., and as lacquers for grain and split leathers. 

Cellulose acetate has a restricted use for 
special types of lacquers. The two principal 
disadvantages of cellulose acetate in lacquer 
manufacture are the brittleness of films made 
from low viscosity cellulose acetate and its 
incompatability with resins. 

Recently a type of celluloid flake has been 
used in enamel manufacture. The advantages 
of such “ nitrocellulose chips are that the 
pigment has been thoroughly dispersed and 
thus grinding operations are eliminated. 

Various fabrics are coated with cellulose esters 
to produce bookcloths, artificial leather, etc. 
Nitrocellulose is principally used, the softener 
being castor oil, which gives the required soft- 
ness without stickiness in the final product. 
Papers are also coated with nitrocellulose com- 
position to attain water-proofness, moisture- 
proofness, decorative effects, etc. The widest 
outlet of this kind is at present in the coating of 
viscose film to render it moisture-proof. 

The foregoing industrial applications of cellu- 
lose esters have all been processes where solu- 
tions have been employed. This means that 
special precautions have to be taken to deal 
with the fire hazard from inflammable solvents. 
It also means that there is an expensive loss of 
solvent unless a solvent recovery plant is used, 
and the latter is only justified in large factories. 
To overcome these disadvantages to some extent 
and to obtain certain working advantages, such 
as the use of higher viscosity lacquer base, 
aqueous emulsions of nitrocellulose lacquers 
have been prepared. This new method reduces 
the cost of manufacture of the coating com- 
position, enables the application of a greater 
weight of solids for a given solvent cost, and 
reduces the fire risks in manufacture. 

The properties of cellulose esters and cellulose 
ethers are compared in the section Cellulose 
Ether Plastics. 

Nitrocellulose Chips. 

Cclluloid-likc granules or flakes, clear and 
pigmented, are now marketed for lacquer and 
enamel manufacture and are generally known 
ns nitrocellulose chips or flakes. The clear 
chips arc celluloid-like flakes consisting of 
nitrocellulose and plasticiser. To prepare a 
lacquer the chips arc dissolved in organic 
solvents, and resins, etc., are added to complete 
the' formulation. 

The pigmented chips, however, are claimed 
to have such advantages ns improved dispersion 
of pigment, freedom from settling in the final 
lacquer, better colour, and better weathering 
properties. The dispersion and wetting of pig- 
ments in vehicles is the most important part of 
paint manufacture, and to effect this dispersion 
paint factories arc cquj* ped with various grinding 
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machines, rolls, ball mills, etc. The difficulty of 
this grinding and wetting out process becomes 
more evident when one considers that 1 g. of 
spherical pigment particles 0-7 micron in diameter 
and of density 4-2, titanium dioxide for example, 
presents a surface area of 2-44 sq. yds. and in 
the case of some carbon blacks 1 g. of pigment 
may have a surface area of about 160 sq. yds. 
Black chips are the best known type although 
various colours can be obtained. Carbon black 
manufacturers have developed chemical and 
mechanical methods of colloidally dispersing 
the pigment in lacquer vehicles of nitrocellulose 
and plasticiser, the product being in the form 
of dry, brittle, black flakes. 

The nitrocotton employed varies in viscosity 
according to the ultimate application of the 
enamel, but is generally of the low viscosity type, 
viscosity around 40 e.g.s. measured in a solution 
of 40 g. in 100 c.c. 95% acetone. Various 
common plasticisers such as dibutyl phthalate 
are used. The pigment content varies and the 
approximate composition range is : 

O' 

/o 

Nitrocellulose 55-67 

Plasticiser 20 

Carbon black 25-13 

In the preparation of enamels from these chips 
the operation of grinding is eliminated. The 
chips are preferably dissolved and dispersed in a 
viscous medium. This may be done by dis- 
solving them in a solution of nitrocellulose in a 
rich solvent mixture ; or alternatively by 
soaking the chips in a relatively small quantity 
of solvent mixture containing a very small 
proportion of true solvent for nitrocellulose, 
thus causing the chips to soften and break up. 
The remainder of the solvent and the other 
enamel constituents are added to the viscous 
syrup. These operations are carried out in 
tanks fitted with slow stirring apparatus, con- 
tinuously in motion. The enamels can be made 
by simply adding the chips to the entire mixture 
of solvent, etc., but in such a case the prepara- 
tion will take longer, since there will be a 
tendency foi the chips to become tacky in the 
rich solvent, stick together, and form lumps 
which dissolve only slowly. 

The advantages which are claimed for enamels 
made from these chips are : 

(1) Greater depth of colour. 

(2) Greater resistance to exposure. 

(3) Greater gloss, rendering polishing un- 

necessary. 

Linoplastic. 

A nitrocellulose composition is the basis of 
certain types of linoleum. The nitrocellulose 
plastic replaces, partly or wholly, the linoxyn 
which is the binding material in ordinary lino- 
leum. The type of linoleum thus produced 
has better wearing properties, greater flexibility, 
and greater resistance to washing. The nitro- 
cellulose used has a nitrogen content of about 
12-2% and a viscosity of about 4.0 e.g.s. in a 
solution of 20 g. in 100 c.c. 95% acetone. The 
nitrocellulose is mixed with plasticisers and 
softeners such aB tricresyl phosphate and castor 
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oil, the former being chosen for its fire retarding 
properties. A typical mixture contains 33% 
nitrocellulose, 15% tneresyl phosphate, and 
50% castor oil. The plastic thus formed is 
incorporated on rolls with cork dust and yellow 
ochre, the proportion bcm£ approximately 
33 : 50 : 17. Further quantities of filler, etc., 
may be added as desired (B.P. 3499S4). 

C Ei A close Acetate Mocldimi Powders. 

Composition and Method of ilanufaeture — 
The cellulose acetate emplojed in the manu- 
facture of moulding powders is the normal 
“ rayon ” type, having an acetjl content corn? 
Bponding to 62-56% acetic acid, a hygroscopicity 
of about 11-12%, and amp of 220°C , above 
which temperature it chars Scrap cellulose 
acetate rayon, celluloid, and films have been 
emplojed, but generally in the cheaper types 
of moulding ponders and in black and' the 
darker colours, where the colour of the starting 
material does not matter For use in most 
moulding powders the cellulose acetate is 
received in a granular condition, its soften- 
ing point is lowered and its flexibilitj in 
creased by incorporating plasticisers such aa 
tncrcsyl phosphate, tnphenyl phosphate, dibutyl 
phtbalate, diethyl phthalate, or tnacetin. The 
quantity used is about 50% of the n eight of 
acetate but vanes according to the quantity 
of filler present. 

Incorporation is generally earned out in a 
muer of the Werner Pfleidercr tjpe, and a 
quantity of solvent, acetone, is added to help 
the mixing Fillers, generally inorganic matenals 
such as zinc oxide, china clay, bnrjtes or blanc 
fixe are added. The quantity vanes, bemg about 
0 5% in translucent matenals, and 2-3% in 
normal opaque matenals, but is greater in the 
cheaper class of moulding powder. Fillers, in 
general, while contnbuting to the desired colour, 
translucency, or opacity, mcreaso the density of 
the composition, reduce the tensile strength, 
and increase the brittleness of the moulding. 
Colounng matenals are added and include 
inorganic pigments, lakes and dyes. The 
colounng matenals must not detenorate at the 
temperatures of incorporation and moulding, 
eg. roust withstand temperatures up to 
150"-1C0°C. A small amount of wax 0 1-0 3% 
maj’ be added to ease the removal of the mould 
mg from the mould and to increase the polish. 

The plastic formed by preliminary mixing, 
which may take 16-30 minutes, is given a second 
incorporation on steam-heated rolls, of the tjpe 
used in rubber mixing. Vcrj thorough mixing 
takes place during this process The cellulose 
acetate is thoroughly plasticised, the pigment: 
dispersed, and the bulk of the solvent remoxed. 
The rolls are cored and provided with steam 
heating and water cooling. There is a certain 
amount of fnctional heat. The rolls ore heated 
to & temperature of 140M50 C C, the plastic 
being at a temperature of 120°-130 r ’C. The rolls 
run at differential speeds, the front roll speed 
generally being 26-23 r.p m , the back roll 
15-20 r.pm , the speed varying with the size 
of the rolls. Tbe front roll is kept the hotter 
and the crepe of plastic sticks to it. Colouring 
materials may sometimes be added at the rolling 


stage in order to produce special effects. The 
plastic is rolled into a thin sheet which is removed 
from the rolls, generally provided with scraper 
blades for the purpose. This crepe from the 
rolls is allowed to cool and then broken into 
pieces 3-C sq in. in area, either by band or by 
passing through a machine of the coke-crusher 
type. In certain cases, for example, production 
of tortoiseshell effects, the differently coloured 
plastics are used in such sizes in compression 
moulds. For most purposes, however, these 
larger pieces are ground, in a hammer type of 
disintegrator, to pass through a 20 mesh sieve. 

Moulding — Cellulose acetate plastics are 
permanently fusible. In moulding them the 
composition, generally in the form of a granular 
powder, is heated to approximately 130°-160°C. 
and pressed into the shape of the mould. The 
moulding is then cooled under pressure and sets 
more or less hard before removal There are two 
distinct methods of moulding such cellulose 
plastics, compression moulding and injection 
moulding, and each has its own particular use 
Compression moulding is emplojed principally 
in the case of large or medium sized mouldings 
of relatively simple shape. Injection moulding 
is used for the production of email articles or 
for articles of intricate shape 

Compression Moulding Compression mould- 
ing, alternatively known as “ hot and cotd 
pressing," is a relatively simple process The 
moulding powder is poured into a heated mould, 
the mould closed, heat maintained until the 
powder has become plastic and has filled the 
mould, which is generallj- fitted with a channel 
into which the excess or “ Flash ” flows. Pres 
sure is applied and maintained while the mould 
and contents are cooled. The mould is generally 
cored and Bteam and cold water can thus be run 
through alternately during the moulding cycle 
One of the best examples of this type of moulding 
is in the gramophone industry, where shellac 
compositions are moulded into gramophono 
records at a rate of G6-86 per hour. The 
pressure exerted during the moulding of celluloso 
acetate powders is approximately j ton per sq. 
in The polish of the article depends on the 
polish of the mould. The mould is generallj’ 
chromium plated and tbe moulding needs no 
after polishing, save at edges. 

Injection Moulding . — In this method of 
moulding the powder is run into a chamber, 
heated by a cod at 1G0°C., where it becomes 
plastic. It is then forced at great velocity 
through a narrow orifice into a cold mould. 
The mould is made of heavy masses of metal 
which require no cooling. The plastic is forced 
into it under considerable pressure, 7-10 tons 
per sq in. Not only is it possible to mould 
small and intneate shapes quicklj’ in this woj', 
but the finished moulding has increased tensifo 
strength and elasticity compared with a similar 
composition moulded by the compression 
method. A description of moulding machines 
and moulds U given m " British Plastics Year 
Book,” 1032, p. 57. These machines can bo 
made to work automatically and the moulding 
time reduced to 15 seconds. The mould output 
per impression may be as much as 8 times that 
of standard compression moulds with thermo- 
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setting materials. Certain mouldings, such as 
those for electrical work, have metal inserts. 

Properties. — The following table of properties, 
which is abstracted from Chem. Met. Eng. 
1932, 39 , 656, refers to “cellulose acetate press 
(i.c. moulding) powder.” 


Compression ratio — 
volume loose powder 
volume solid 


2\2 8-2-84 


Specific gravity .... 

1-30-1 -63 


usually 1 

Thermal expansion, 10 -5 per 


°C 

14-16 

Thermal conductivity 10 -4 


cal. per sec. cm. °C. 

5-3-S-7 

Softening point .... 

70°-150°C. 

Electrical resistivity (by 


volume) 30°C., 10 10 ohm 


cm. 3 

6-2 

Breakdown voltage, 60 cycle 


volts per mil 

590-620 

Dielectric constant, 60 cycle 

7- 1-8-4 

Power factor, 60 cycle, per 


cent 

9-1-10-5 

Dielectric constant, R.F. 

4-3-5-4 

Power factor, R.F. per cent. . 

6-8-10 


(more 


Additional Data on Unfilled Cellulose Acetate 
Moulding Powder {from Chem. and Ind. 
1936, 55, 36). 


Water absorption 

Tensile strength . 

Cross breaking strength . 

Impact strength . 
Permittivity . 

Power factor at radio 
quencies . . . . 


. 1-9% by weight in 
48 hours. 

. 3,500-5,000 lb. per 
sq. in. 

. 11,000-13,000 lb. 

per sq. in. 

. 10-15 kg. cm. 

. Ca 6 

. 0 057-0 059 


Comparison of Cellulose Acetate Moulding 
Powders with Thermosetting Moulding Powders. 
— The cellulose acetate compositions are per- 
manently fusible and so the scrap can be re- 
used. There is no curing or baking period so 
injection moulding can be carried out at a 
speed of 8 times that of moulding thermosetting 
resins. The cellulose acetate compositions are 
more flexible, and withstand rougher treatment. 
The electrical properties are better than those 
of phenol-formaldehyde or urea-formaldehyde 
resins. During ageing there is no change in 
shape. They can be cemented with acetone. 
The colours are relatively permanent and free 
from the • yellowing of phenol-formaldehyde 
powders. 

The disadvantages include low softening point 
— acetate mouldings will not withstand tempera- 
tures above 80“-90 D C. They are attacked by 
mild alkalis. They absorb moisture {see Tables). 
They are higher in price, 2s. to 4s. per lb., but 
the increased speed of moulding compensates 
for this in the case of small mouldings. 


CELLULOSE ETHER PLASTICS. 
Introduction. — The cellulose ethers differ 
essentially from tho esters of cellulose in 


chemical structure and are more stable, in- 
capable of undergoing hydrolysis, and therefore 
resistant to acids and alkalis. Films and coat- 
ings made from them do not undergo dis- 
coloration on exposure to ultra-violet light and 
like cellulose acetate are relatively non-inflam- 
mable. The solubilities of the ethers vary, 
some being soluble in organic solvents, some 
dissolving in dilute alkali,, and some in water. 
The solubility of the cellulose ethers varies 
with the degree of etherification. Ethylcellulose, 
for example, is soluble in alkalis, water, or organic 
solvents according to the degree of etherification. 
The following table summarises the solubilities 
of some known cellulose ethers, and shows the 
effect of the degree of etherification. 


Approximate Number of Hydroxyl 
Groups replaced per C 6 H 10 O s . 



Soluble in 
alkalis. 

Soluble in 
water. 

Soluble in 
organic 
solvents. 

Methyl- 

0-25 

1-2-1 -5 

3 

cellulose 

(3-4% 

(22-2C% 

(44-45% 


-och 3 ) 

-OCR,) 

-OCR,, 

Ethyl- 

0-25 

1*2 

2-2 

cellulose 

(5% 

(27% 

(47% 


— OC 2 H 6 ) 

— OC„H s ) 

-oc 2 h 5 ) ■ 

Glycol- 

cellulose 

0-25 

(3-4% 

— OC„HjOH) 


Benzyl- 

cellulose 



1-8 upwards 
(59% 

— OCH 2 -C 8 H s ) 


The technical applications of these ethere 
depend on their solubility. The alkali soluble 
types have outlets in textile finishing. They 
could also ho employed in the same way as 
viscose (cellulose xanthogenic ester) in the. pre- 
paration of films, rayon, etc., and have the 
following advantages over viscose : 

(1) Their solutions are more stable. 

(2) The products regenerated from alkaline 

solution require no desulphurising. 

(3) The products require no bleaching. 

(4) There are no odours during coagulation 

corresponding to the odours which arise 
during the conversion of cellulose 
xanthate to cellulose. 

(5) There is no need for careful control and 

ageing of the solutions, a necessary 
procedure in the case of the alkaline 
viscose solution. 

(6) When freed from caustic soda they may be 

stored indefinitely. 

Water-soluble cellulose ethers, soluble in cold 
water and insoluble in hot water, form solutions 
similar to gum tragacanth, but do not become 
acid or ferment on storing. They are used 
industrially as emulsifying agents, fixing agents 
for printing and thickening agents for textile 
printing, where they possess advantages over 
starch and British gum. 

The types of ethyl- and benzylcellulose which 
are soluble in organic solvents have industrial 
possibilities similar to those of cellulose acetate. 
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The cellulo'e ethers, how ev er, are more expensiv c 
and so are only employed where their special 
chemical properties, such as freedom from 
hy drolys!', make them particularly suitable. 

Comparison of Ihe Properties of Cellulose Ethers 
(Soluble in Organic Salients) tilth Cellulose 
Esters 

(1) Water Resistance.— The hygroscopicity of 
certain types of cellulose ethers 13 low 


Ilygroseopvctty. •„ * 0 

Ethylcellulose (47% 

— OC,H s ) 2 — 

Benzylcellulose . 0 9 2 43 

Nitrocellulose 2 0 4 B 

Cellulose acetate (ace- 
tone soluble) ... 36 111 

Mg /s<| in /hr 

Moisture Permeability. 

Ethy Iccllulose (47% 

— OC.H.) . 2 54 4 39 

Benzj Iccllulose . . 0 8 120 

Nitrocellulose . 1 15 3 09 

Cellulose acetate (ace- 
tone soluble) . . 2 14 5 51 

By the addition of suitable plasticisers, mi, 
etc., the above figures can be reduced still 
further. These ethers have therefore possi 
bihtics in moisture proofing compositions. 

(2) Acid and Allah Resistance — Benzvlccllu 
lose compositions arc unattacked by relatively 
concentrated acids and alkali3, such as sulphuric 
acid up to accumulator strength, and caustic 
soda up to 50% concentration. 

(3) Rtlatne Son-injtammabxlily. — It must be 
emphasised that non inflammability is purely 
a relative term and all cellulose derivatives will 
bum if the temperature is sufficiently high. 
The cellulose ethers arc relatively non in- 
flammable compared with nitrocellulose and 
arc similar in inflammability to cellulose acetate. 

(4) Thermoplasticity — The cellulose ethers 
differ from nitrocellulose which decomposes at 
higher temperatures and must be treated with 
core even at 120 C., and in this they again 
resemble cellulose acetate. This thermoplasticity 
may be useful in certain cases, for exampli 
heat scaling lacquers, 

(5) Chemical Stability. — The resistance to the 
attack of acids and alkalis has already been 
noted, but tho chemical stability of cellulose 
ethers is evinced in another form, namely, 
freedom from discoloration on exposure to 
ultra-violet light. In this they are superior to 
nitrocellulose and similar to cellulose acetate. 

(0) Specific Gravity. — The specific gravity of 
cellulose ethers is in some cases less than that 
of the esters. 

Specific graviti. 

Benzylcellulose l - 2 

Ethylcellulose ..... 1’2 

Cellulose acetate 1*5 

Nitrocellulose 1 55 


(7) Tensile Strength. — The tensile strengths ot 
films made from some cellulose esters and ethers 

■e as follows : 

Lb per »q la 

Benzylcellulose . . . 6,000-7,000 

Ethylcellulose . . . 7,000-8,000 

Cellulose acetate . . . 8,000-9,000 

Nitrocellulose . . . 9,000-11,000 

(8) Cheap Soheuts. — The solvents used for 
cellulose ethers arc of the hydrocarbon type 
rather than the ester type and therefore 
inexpensive mixtures can be formulated. 

Benzylcellulose Lacquers. 

Benzylcellulose lacquers and enamels arc 
prepared in the same wav as nitrocellulose 
lacquers and enamels. The benzylcellulose, 
however, is obtained in the form of a dry pale 
yellow powder. It is soluble in mixtures 
(80 ‘20 by v olume) of aromatic hydrocarbons 
and alcohol The best method of preparing a 
solution of benzy Iccllulose is to wet the granular 
powder with industrial spirits and then add the 
aromatic solvent The solution may be made 
up m any of the types of stirnng, shaking, or 
tumbling apparatus commonly used in paint 
manufacture In preparing very viscous solu- 
tions or dopes, say 30-40% solutions of benzyl 
cellulose, an apparatus of the Werner Pfleiderer 
type is the most suitable. Tho pigments arc 
dispersed in the usual types of grinding or 
milling machinery There are no restrictions 
on the typo of pigment used 

Sohents for Benzylcellulose Uydrocarbons. 

-Aromatic hydrocarbons such as benzene, 
toluene, and xylene have a gelatinising effect 
on benzylcellulose, and excellent solvent mix- 
tures are formed by the addition of 20% of 
industrial spirits. 

Aliphatic hy drocarbons bav c no solvent action, 
even when mixed with alcohol, but may be 
added as diluents to some solutions. 

Alcohols. — Aromatic alcohols, e g benzyl 
alcohol, are solvents. Aliphatic alcohols are 
not themselves solvents, but confer solvent 
power on aromatic hydrocarbons and on 
chlorinated solv ents 

Ethers. — Aromatic ethers and mixed ethers 
_.o solvents. Methvl cellosolve (the methyl 
ether of ethylene glycol) and l:4-dioxanc aro 
solvents. The latter, of course, is generally 
avoided because of its toxicity. 

Ketones — Ketones themselves are non sol- 
vents, but the addition of 20-50% benzene 
confers solv ent power in some cases, e.g. benzenc- 
acetonc (50 : 50 by volume). L'j/cJohcxanono is 
a solv ent. 

Esters. — A certain solvent action is possessed 
by some of the lower fatty esters, but this is 
improved by the addition of 20% benzene or 
toluene. 

Chlorinated Sohents.— Chlorinated derivatives 
of ethane and ethylene with the addition of 20% 
industrial spirits form good solvent mixtures. 

Ethylene chlorhydnn and dichlorhydnn are 
both solvents for benzylcellulose. 

Softeners. — The best plasticisers are : tncresy l 
phosphate, dibutyl phthalate, dicresyhn (ditolyl 
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ether of glycerol). Others include triphenj’l 
phosphate, benzyl benzoate, p-toluene sul- 
phanilide, dibenzyl phthalate, butyl stearate. 
Of these, only benzyl benzoate, dibenzyl 
phthalate, and dicresylin are solvents at ordinary 
temperatures, 'fricresvl phosphate is a solvent 
at elevated temperatures. 

Chlorinated naphthalenes such as Seekay 
Wax may be employed as- plasticisers but in 
limited quantity ; at 20% and over they tend 
to crystallise out. 

Castor oil may be used as a softener. 

The benzylcellulose film is softer and more 
flexible than either a nitrocellulose or a cellulose 
acetate film and consequent^- a smaller propor- 
tion of plasticiser is required. 10-15% on the 
weight of benzylcellulose is generally sufficient 
in the case of a clear film, while in pigmented 
films the proportion may be increased to 20%, 

The natural resins most suitable with benzyl- 
cellulose are dammar and run congo copal. 

Benzylcellulose Moulding Powders. 

Composition and Method of Manufacture . — 
The benzylcellulose used in moulding powder 
manufacture is generally a dibenzyl ether of 
cellulose, a pale yellow powder with a m.p. of 
180°C. Benzylcellulose is more thermo- 
plastic than most cellulose derivatives. No 
solvent is necessary in incorporating it with 
fillers, colouring matter, etc., in the preparation 
of moulding powders. 

The quantity of plasticiser used (see benzyl 
cellulose lacquers) depends on the percentage of 
filler present in the final composition and on the 
degree of flexibility required in the moulding. 
The plasticiser content is generally from 4-10% 
on the weight of benzylcellulose, but may vary 
above or below this. Tricresyl phosphate helps 
to maintain the fire-resisting nature of the com- 
positions. The fillers used with benzylcellulose 
are mineral fillers. The quantity varies, again 
according to the properties required in the final 
composition, but the thermoplasticity of the 
benzylcellulose permits the use of higher 
quantities than in cellulose acetate moulding 
powders. The filler content may be even above 
50% and the compositions still be easily moulded. 
The increased proportion of filler means increased 
specific gravity and an increased weight of 
powder required for moulding. The fillers used 
include china clay, blanc fixe, barytes, lithopone, 
zino oxide and powdered asbestos. The colour- 
ing materials used include inorganic pigments, 
lakes and dyestuffs. 

The moulding powders are manufactured by 
roughly mixing the benzylcellulose, plasticiser, 
filler and pigment, and then completing the 
mixing on hot rolls. When a large percentage 
of filler is used the bulk of the filler may be 
added while the benzylcellulose and plasticiser 
arc mixing on the rolls. The incorporation, 
temperature, and speed of the rolls are similar to 
those used for the preparatoin of cellulose acetate 
moulding powders. The crepe is removed from 
the rolls, cooled, and ground into granular form. 

Moulding . — As in the case of cellulose acetate 
powders, moulding can bo carried out by the 
compression and by the injection methods. 
The temperature of the mould in compression 
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moulding is about 110°C., and the pressure is 
-J-l ton per sq. in. 

In injection moulding the temperature re- 
quired varies according to the quantity of filler 
in the powder. Most lightly filled powders 
mould at temperatures of 130°-140°C. Heavily 
filled powders may require temperatures of 160°- 
170°C. These figures refer to the outside 
temperature of the reservoir or “ pot ” of the 
injection press. 

Properties . — 

Specific gravity .... I -2-2-0 

Bulk density 0-6-1 -0 

Tensile strength — . 

(а) Compression moulded 2,400-3,700 lb. per 

sq. in. 

(б) Injection moulded . 3,780-5,520 lb. per 

sq. in. 

Softening point .... About 70°C. 
Electrical resistivity — 

(Volume) ohms per cm. 3 . 2-30-3-21 x 10 13 
(Surface) ohms per cm. 3 . 2-40-2-50 X 10 12 
Breakdown voltage (volts for 
0-1 minute) .... 2,000-5,000 
Hygroscopicity (72-5% satu- 
ration at 20°C.) — 

After 24 hours .- . . 0-40-0-99% 

After 48 hours . . . 0-40-1-00% 

Exposure in 100% saturated 
atmosphere ; gain in 

weight 0-19-0-38% 

Immersion of benzylcellu- 
lose moulding in water — 

Gain in weight after 24 
hours (0-0007-0-0011 
grains per sq. cm.) . . 0-23-0-40% 

Gain in weight after 192 
hours (0-0022 - 0-0041 
grains per sq. cm.) . . 0-67-1-24% 

The outstanding features of benzylcellulose 
moulding powders are their low hygroseopieitj- 
and their resistance to acids and alkalis. Mould- 
ings remain visibly unattacked after 15 months’ 
immersion in various strengths of sulphuric 
acid: 10% by volume (sp.gr.- .1-098), 20%, 
30%, 40%, and 60% (sp.gr. 1-5888) at room 
temperature, 5% hydrochloric acid, and 5% 
acetic acid do not affect the mouldings. 

Alkali Resistance. — Benzylcellulose moulding 
compositions resist caustic soda solutions of 
1-40% strength at room temperature and show 
remarkable resistance to alkaline solutions at 
higher temperatures. 

Benzylcellulose mouldings also resist various 
aqueous inorganic solutions. (-V/10 potassium 
permanganate, 26% solution sodium thio- 
sulphate, 5% sodium sulphide, saturated solu- 
tions of zinc chloride, potassium chlorate and 
potassium iodide) for 8 weeks. A series of tests 
carried out shows that ink resistance is very 
good, and the powders arc therefore useful in 
fountain pen manufacture. 

Trade Names. 

A. T. Cellulose, Ethylcellulosc (see Cellulose 
Ether Plastics). 
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Bexoid . . A nen-infiacitnable or safety cel- CEMENT r. BmmJG Materuls. 

luloid made from cellulose C EM ENT IT E, an iron carbide, FejC, con- 

acetate («ee Cellulose Ester taming 6 9% carbon, is an important "const!- 
Plastics). tuent of cast iron and steel (Abel and Deenng. 

Celastoid . . Anon inflammable or safety cel- Proc. Jnst. Mech. Eng 1885, 30 ; Jloissan, 

luloid made from cellulose Compt. rend 1896,122,431) In steels contain- 
acetate (tee Cellulose Ester mg 1 5% or more of carbon, free cementite is 
Plastics). found cry stall) sed in large pseudo hexagonal 

Cellastine . . A thermoplastic moulding pow- plates (Groth, Chem. Krystallographie, 1906, i), 

der made from cellulose and in practically all steels it exists with pure 
acetate (see Cellulose Ester iron { Jtmte ), in the eutectic mixture called 
Plastics). pearhte (Ledebiir, Stahl u. Ei">en, 1898, 18, 

Cellomold . . A thermoplastic moulding pow- 742). 

der made from cellulose It is very brittle and harder than hardened 
acetate (see Cellulose Ester steel or glass (H =6) (Muller, Stahl u. Eisen, 
Plastics). 1898, 18, 292), and its presence is the cause of 

Coblac . . Pigmented celluloid like flakes the hardness of “ u hite ” or “ chilled ” cast 

used for enamel manufacture iron (Howe, Metallographist, 1901, 177). It is 
(set Cellulose Ester Plastics), recognised under the microscope by its hardness 
ColIore«in . . Methylcellulose (see Cellulose and resistance to etching 

Ether Plastic*). As co^ende, it is present m meteorites (Wein- 

Fiberloid . . Nitrocellulose-camphor celluloid schenk, Ann Museum, Wien, 1889, 4, 94). 

(see Cellulose Ester Plastics). CENTAURY, CENTAUREA. Cnicus 
Globlak . A variety of highly pigmented benedictus, Fam Gentianaceae, Blessed Thistle, 
black nitrocellulose flakes contains the bitter tonic emcin, c„h„o 

is* 

used for enamel manufacture CENTRALITES. These are derivatives of 
(see Cellulose Ester Plastics), urea which are employed m the manufacture of 
Glutohn . . .Methylcellulose (see Cellulose smokeless powders to assist m the gelatmisation 

Ether Plastics). of the nitrocellulose and also to act as stabilisers 

Plastacele . Cellulose acetate celluloid (see of the powders during storage Centralite 1 
Cellulose Ester Plastics) consists of diethyldipheny lurca, Centralite 
Pyralin . . Nitrocellulose-camphor cellu 2 is dimethyldiphenylurea, and Centralite 3 is 

loid (see Cellulose Ester ethylmethyldiphenylurea. Of these, Centralite 
Plastic*). 1 is used to a much greater extent than either 

Rhodoid . . A cellulose acetate moulding of the other two varieties H S. 

powder. A cellulose acetate CEPHAEUNE. Cephaehne was named 
celluloid is sold under the and first characterised by Paul and Cownley 
iame name (see Cellulose Eeter (Pharm J. 1894, [m], 25, 111), who showed that 
Flastic*) the ether soluble alkaloids of ipecacuanha could 

Rhodophane . Cellulose acetate films (see Cel- be separated into phenolic and non-phenolie 
lulose Ester Plasties). fractions. The chief constituent of the phenolic 

Sicoid . . . Cellulose acetate celluloid (see fraction is cephaehne, and that of the non- 

Ccllulose Ester Plastics). phenolic fraction emetine, which Carr and 
Tylosc . . Methylcellulose (see Cellulose Pyman showed later (J.CS. 1914, 105, 1591) to 

Ether Plastics) be cephaehne mono-methyl ether. 

Xylonite Nitrocellulose-camphor cellu- Patents have been taken out by the following 
__ loid, D. T. for the preparation of emetine by the metliyla- 

CELTtUM. IViw.w deiected, Jy Aw <7 / ; by H. S. JJWAww, J 1 . }}. 

optical and magnetic observation, the existence Carr, and F. L. Pyman, B.P. 14677 and 17483 
of a white earth having properties intermediate (1913) by means of dimethyl sulphate and 
between those of lutecia and ecandia, and named sodium methyl sulphate respectively; by 
the substance eeltia or celtium oxide, Ct,0,. Farbw. vorm. Meister, Lucius und Pruning. 
Coster and Hevesy (Nature, 1923, 111, 79), G.P. 29S678 (1916) by means of diazo- 
examming the X-ray spectra of a number of methane, by Chem. Fabr, vorm. Sandoz. B.P. 
minerals, detected six lines which they attri- 291088 (1928) by means of phenyltrimethyl- 
buted to the element of atomic number 72, and ammonium hydroxide ; by' J. \V. Meadcr, B.P. 
named hafnium, stating that celtium was 11717, 1 1 7 1 8, 11719 (1915) ; 103881, 104C52, 
probably the same element. Urbain and Dau- 105722 (1916) ; U.S.P. 1209575 (1917) ; and 
vilher (Nature, 1923, 111,218), asserted that the by Farbw. vorm. Meister, Lucius und Pruning, 
lines observed by them were identical with those G.P. 301498 (1915) for the preparation of 
observed by Coster and Hevesy, and claimed horqplogues of emetine by the alkylation of 
priority for the name celtium. The controversy cephaehne with derivatives of alcohols other 
continued (Dauvillier, Compt. rend 1923, than methy l alcohol. 

176, 676; De Broghe and Cabrera, ibid. Properties . — -Cephaelme and its salts have been 
p. 433 ; Urbain, Chem. and Ind. 1923, 42, fully described by Carr and Pyman (le.). It 
764 ; Bratmer, ibid, p. 834 ; Hansen and has the formula, Cj ) H, g 0 1 N x , and contains 
Werner, Nature, 1923, 111, 461 ; Coster and ono phenolic hydroxyl group, three methoxyl 
Heresy, ibid. p. 462; King, ibid. 1923, 112, 9), groups, one tertiary nitrogen atom common to 
but the name hafnium is now generally accepted two rings, and one secondary nitrogen atom 
for the element. contained in a ring. A probable constitutional 
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formula for cephaeline has been put forward by 
Brindley and Pyman (J.C.S. 1927, 1067). 

Cephaeline forms colourless needles from ether, 
melting at 115°-116° (corr.), [a] D -43° in chloro- 
form (c=2), sparingly soluble in water, ether, 
or light petroleum, easily so in alcohol or 
chloroform. The hydrochloride B,2HCI,5 to 
7H z O forms colourless prisms, easily soluble in 
water, melts at 245°-270° (corr.) when anhydrous, 
and is dextrorotatory. The hydrobromide is 
also crystalline. E. L. P. 

CEPHALANTHIN, C 22 H 31 0 6 . m.p. 181° 
[a] n 4-20-2°, a bitter stuff from the bark of 
Cephalanthus occidentalis. On hydrolysis it 
yields a sugar which is either glucose or 
galactose (Claassen, Pharm. Ztg. 1889, 34, 384). 

E. P. A. 

CEPHARANTHINE, C 37 H 38 0 6 N 2 , m.p. 
140°-145°, [a]p 4-204°, is an amorphous slightly 
yellow base which was found by Kondo, 
Yamashita and Keimatsu (Chem. Zentr. 1934, 
II, 3256) in the roots of Stephania cepharantha 
Hayata (Earn. Menispermacete) together with 
the alkaloid fsotetrandrine. The alkaloid is a 
tertiary, non-phenolic base, it contains three 
OMe and two NMe but no alcoholic OH 
groups; the three remaining oxygen atoms 
probably represent O-bridges. Apparently 
cepharanthine does not contain double bonds ; 
it reduces ammoniacal silver nitrate but not 
Fehling’s solution. It is soluble in organic 
solvents except light petroleum ; for colour 
reactions consult Kondo et al. ( l.c .). It forms 
amorphous salts with 2 mols. of acid, e.g. 
picrate, oxalate, perchlorate, and chloroaurate. 

The first step of the Hofmann degradation 
yielded one crystalline methin base (a'-methine), 
C 30 H 42 O 6 N 2 , optically inactive, m.p. 170°-171°, 
prisms and plates, giving a crystalline 
methiodide) and two amorphous methin bases 
( a-methine , C 3s H 42 O c N 2 , optically inactive, 
m.p. 143°, yellow, giving a crystalline methiodide 
and methosulphate, and fl-methiite (no details 
known)). 

The a-mcthine base is identical with phae- 
anthine-methine A (Santos, Ber. 1932, 65, [B], 
474), although cepharanthine and phaeanthine 
arc different. Ozonisation of a-cepharanthine- 
methylmethine gave the 6-metho.vy-diphenyl- 
ether-3 : 4'-dialdehyde identical with that 
obtained by ozonisation of tetrandrine and trilo- 
bine, and a base which yielded a yellow 
crystalline methiodide, C 25 H 3S 0 6 N 2 I 2 + H 2 0, 
m.p. 217°, (Kondo and Keimatsu, Amer. Chem. 
Abstr. 1935, 29, 798S). Although the con- 
stitution of cepharanthine is still unknown, 
the above results point to the fact that it 
belongs to the bis-coclaurine alkaloids (for a 
survey, cf. Kondo, Arch. Pharm. 1936, 274, 65). 

Schl. 

CERADIA. The product of Cerailia 
(Othonna) furcata Lindl. It is an amber- 
coloured olco-resin with the odour of elerai 
(R. Thomson, Phil. Hag. 1S46, [iii], 28, 422). 

CERALUMIN r. Alloys, Light. 

CERARGYRITE or HORNSILVER. 
Native silver haloids, Ag(Cl,Br,l), occurring as 
small holohedral-cubic crystals and ns compact 
masses with a homy appearance and texture. 
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The material is soft (H.=2£), tough, and sectile, 
and cuts like horn. On exposure to light, it 
quickly darkens. The name “ homsilber ” was 
used by C. Gesner in 1565, and the Greek form 
cerargyrite was first used by E. S. Beudant in 
1832. After the recognition of the bromide and 
chlorobromide in 1841 and 1842, the name 
cerargyrite came to be applied more especially 
to the chloride. But as the different members 
of the group so closely resemble one another that 
that they can often only be distinguished by 
analysis, it is more expedient to include them 
as sub-species under the name cerargyrite (see 
Prior and Spencer, Min. Mag. 1902, 13, 174), 
viz.: 

Chlorargyrite, AgCl. Grey or colourless, 

sp.gr. 5-556. 

Bromargyrite, AgBr. Greenish-grey. 

Embolite, Ag(CI,Br). Greenish-grey. 

Iodembolite, Ag(Cl,Br,l). Greenish-yellow to 

orange-yellow. 

Isomorphous mixtures are the rule, and 
of these sub-species embolite, with chlorine 
and bromine in indefinite proportions, is the 
most abundant. Large quantities of these 
minerals have been mined as silver ores in 
Mexico, Chanarcillo in Chile, and Broken Hill in 
New South Wales. They occur in the upper 
oxidised zones of veins of silver ore, and have 
no doubt been formed by the action of salt 
waters percolating from above. 

Silver iodide forms a distinct mineral, 
iodyrite, crystallising in the hexagonal system, 
but at a temperature of 146° it passes over into 
a cubic modification. L. J. S. 

CERASIN. The insoluble constituent of 
cherry tree gum. 

CERBER1N, C 27 H 40 O b , m.p. 191°, [a] D 
—74-8°, is the glucoside of the seeds of Cerbera 
odollam. It is hydrolysed to glucose and cer- 
beretin (He Yry, Ber. K. Akad. Wien, 1864, 
Jan. 16) { v . Cabdiac Glycosides). E. F. A. 

CEREALS. 

MAIZE . — Zea Mays Linn. ; Indian corn. 

This cereal has been cultivated from pre- 
historic times in North and South America, and 
is now widespread, its production being little 
short of that of wheat. It requires a dry, hot 
climate. Many varieties are known, white 
maize being favoured for human food in Europe 
and South Africa, yellow in America. The 
yield of the crop is high. 

The composition of maize varies less than that 
of wheat. It is remarkable for its high fat 
content, about equal to that of oats. Analysis 
of an average mixed American maize gave : 

DiRest- 

r ible 

Mois- carbo- 

ture. Oil. Protein, hydrate. Fibre. Ash. 

O' O' O' 0/ ©/ 0/ 

iO i O r O .O / O ,Q 

12-55 4-37 10-02 09-71 1-50 1-25 

(Milling, 1933, 80, 231 ; 81, 513). The cha- 
racteristic protein is rein, more abundant in 
the outer layers than in the endosperm ; 
myosin, vitellin, another globulin, and small 
quantities of two albumins hnve also been 
isolated from maize. The protein content is 
affected by climate and especially by rainfall. 
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During ripening, globulin and glutenin increase 
at a uniform rate ; zcui, at first present tn small 
quantity, is formed rapidly as maturity ap- 
proaches. An accompanjlng decrease in water- 
soluble non-protein nitrogen indicates the 
synthesis of zein from simpler am ino compounds. 
The biuret reaction gives a reddish -violet 
coloration, which can be used to detect and 
estimate maize in the presence of wheat 
(Czyzewsky, Z. gcs. Getreide- u. iluhlenwes 
1932, 19, 141). The principal carbohydrate 
present is starch, particularly plentiful in the 
hard grained varieties ; soft-grained varieties 
are richer in fat (Dvorak, Mezogazdasagi 
Kutatdsok, 1935, 8, 156 ; Jluhlenlab. 1935, 
5, 110). Less than 1% of sucrose is present 
with a small amount of reducing sugar, also 
dextrin and furfuroids and pentosans up to 
about 5%. The fats (72% fluid, 2S% sobd) 
constitute about 28% of the embryo The 
latter is removed w hole in milling, in order that 
the flour shall not be rendered dangerous as a 
foodstuff by the oil turning rancid ; modem 
maize flour is almost completely free from oil 
Rancidity is promoted by spontaneous heating, 
and is suppressed by keeping the moisture con- 
tent below 15% ; it can be measured by the 
aridity of an alcoholic extract (Milling, 1933, 80 
231 ; Mtihle, 1935, 72, 35). Maize contains 
0 1-0 2% of sulphur, mainly associated with the 
protein ; phosphorus is present as phytin from 
after pollination till early in germination (de 
Turk, Holbert, and Howhe, J. Agric. Rea 1933, 
48, 121). The mineral content of the grain 
depends on soil conditions, fertilisation, and 
rainfall; tables are given by Wolff, "Asehen- 
analysen” ; Bertrand and Mokragnatx (Bull 
Soc, chim. 1925, iv, 37, 554); and Schrumpf 
Picrron (Compt. rend Soe Biol. 1932, 109, C99) 
The Mtarain content is also variable, vitamin 
A is present, mainly m the outer part of the 
endosperm, associated with the yellow colour 
(Meyer. J. Agnc. Res 1929, 39, 707 ; Hauge and 
Troat, J. Biol Chera. 1928. 80, 107 , 1930, 86. 
161, 167 ; Mangclsdorf and Fraps, Science, 
1931, 73, 241). but is gradually lost on storage 
(Fraps nnd Trcichler, Ind Eng Chcm. 1933, 
25. 405). Vitamin D is lacking Maize supplies 
sufficient v itamin E w hen it forms 20% of the 
diet. The use of maize, especially white maize, 
as human food is associated with pellagra, but 
the nature of the connection is not clear It 
has been attributed to unsound grain, and to 
the absence of lysin and tryptophan from the 
hydrolysis products of zem. Pellagra is pre 
vented by foodstuffs containing vitamin B t , but 
as this vitamin is also present in maize its 
deficiency cannot be the sole cause of the disease 
Possibly some toxic substance is responsible 
(Avkroyd, Nutr. Abe. 1933, 3, 337 -, •* Vitamins," 
Med. Rea. Counc. 1032, p. 184). 

Maize is largely* used for feeding animals and 
poultry. The nutritive value of the whole grain 
is slightly inferior to that of wheat (Boas- 
Fixsen. llutchinaon, nnd Jackson, Bioclicm. J 
1934, 28, 592), the protein being equal (Fixsen 
and Jackson, lliochcm. J. 1932, 26, 1919, 1923 ; 
1934, 28. 592) and the germ inferior (Biscaro 
and dc Caro, Quad. 2iutrizione, 1035,2, 16'J) 
Its digestibility is second only to that of wheat. 


Its large oil content being detrimental to the fat 
of pigs, degerraed meal is used for pig feedm» 
(Woodman and Evans, J. Agnc. Sci 1932, 22, 
670). The germ is used for poultry food and in 
the manufacture of oil for soap, margarine, 
baking, salad oil, and stand oil for paints (Wil 
born, Farbcn Ztg. 1920, 32, 240). Alcoholic 
drinks are made from maize, and a large variety 
of manufactured products, the chief being starch, 
gluten feeds, corn syrup, and dextrin. The 
fermentation of the stalks and cobs giv es acetone, 
a gas and a residue suitable for paper makiu<' 
(Boruff and Buswell, Ind. Eng. Chem. 1929, 21, 
1181 . 1930, 22, 931). Furfuraldehyde, and 
various perfumes, insecticides, etc., can also 
be obtained (Govier, Amer. Miller, 1935, 63, 
(1), 90) E. A F. 

MILLET 

Millet is a name applied to a number of 
species of grasses belonging principally to the 
Families Andropogoneas and Pa ni cere, import 
ant as food for man anu forage for cattle, 
particularly in India. 

Andropogonear. — .4. Sorghum (great millet, 
9orghum, tholam, jawar (dan), broom com, 
sugar sorghum, Kaffir com, durrha, nnlo maul) 
The term “ sorghums ” includes many vanetn-. 
of the species which have been known at various 
t imes as Andropogon Sorgh u m or Sorgh u m t ulgare 
Panictx Pamcum. — P. mihaceum (Linn) 
(common millet, Indian millet, ragi, mania, 
Proso hog millet, Indian buffalo grass) 

P mihare Lam (little millet) 

P texanum Vasey (Texas unL'et or Colorado 
grass) 

P frumentaceum Roxb (Sauna millet 
Shamaeo, Deccan grass). 

P maximum Jacq (Guinea grass) 

P. decompositum (Australian millet) 

P sanguinate Linn (Polish millet) 

P Crus galli Linn. (Japanese broom com). 
Penmsetum — P. typhoideum Rich (pearl 

millet, Egyptian, or cat’s tail millet, bajn). 

Setana — S itahca Beauv. (golden or Italian 
millet) , varieties of this constitute German 
millet or Hungarian grass, Japanese millet, 
Boer manna, and California green moha 
Other millets are ■ Pasgalum. tcrobieulatum 
Linn (Koda or Kodon millet) , Eleiutne 
coracnna (African millet) 

The importance of the millets may be gauged 
from the following figures, taken from the 
' 1. 1. A Yearbook of Agricultural Statistics" 
(1934-1935) 

India {including .Value States) 

Hectares 

Millet — ragi or marua (Pamcum 

inihaeeum) 2.691,093 

Pearl millet — bajn or corabu 

{Penmsetum typhoidcum ) . . 8,261,521 

Sorghum — cholarn or janar (dan) 

( Anlropogon Sorghum) . . . 14,667,415 

Vmttd States of America. 

Sorghum (grain) 1,213,000 

Sorghum for forage — 

(o) Grain . . . 1,850,000 

(fc) Sweet 1,439,000 
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South Africa. 

Hectare?. 

.Millet {Boer manna) ( Selaria italica ) 11.344 

Sorghum (Kaffir corn) .... S7.US 

Proximate Analysis . — The following analyses 
{“ Food grains of India." Church. ISS6 and 
1S91) will serve to show the composition of the 
seeds of many “ millets.” 

N-free 


Species. Water. 

Pro- 

tein. 

Fat. 

ex- 

tract. 

Fibre 

Crude 
. ash. 


o/ 

O' 

0 

0/ 

0 / 

O' 


,o 

iO 

<o 

,0 

lO 

>o 

Sorghum vulgar c 

12-5 

9-3 

2-0 

72-3 

2-2 

1-7 

Sorghum vubjurc 

13-2 

9-3 

33 

69*0 

2-5 

1-7 

Var. sacchanttus 

12- S 

US 

30 

6S-3 

3-0 

1-1 

Pcnnisdum 
typhoidetim „ 

11-3 

10-4 

3-3 

71-5 

1-5 

2-0 

Sctaria itnlicu . 

10-2 

10-9 

2-9 

73-4 

1-5 

1-2 

paniettm — 
m it hire „ 

10-2 

9-1 

3-6 

69-0 

4-6 

3-5 

rmfmcctm 

12-0 

12-6 

3 6 

69-4 

1-0 

1-4 

/ruTNCTifaceKm* 

12-0 

9-4 

3 0 

72-5 

2-2 

1-9 


13-4 

14-9 

4-1 

64-5 

1-1 

2-0 

Fuspttlum 
scrub tcula turn 

11-7 

7-0 

2-1 

77-2 

0-7 

1-3 

Efeutine ccra- 
car' a . . 

13-2 

7-3 

1-3 

73 2 

2-5 

2-3 

Kangoon millet 

12-4 

10-6 

3-1 

70-3 

1-4 

2-2 

Millet . . . 

12-9 

lt-1 

4-5 

59-5 

7-5 

4-5 

Dhurra . 

11-5 

9-0 

3S 

70-1 

3-6 

2-0 

PearL millet 

9 2 

12-9 

51 

OS- 5 

2-1 

0.0 


l 

With husk. 





Sorghum. 

The following tables give the proximate 
analysis of the different varieties of sorghum, 
by various authorities, extracted from 'VVinton. 
“ Structure and Composition of Foods,” Vol. I, 
1934. 


Composition or Varieties or 
Sorghum. 

1. Chamberlain. 

(U.S. Dept. Agric. Bur. Chem. 1909, Bull. 120.) 

N-free 




Fro- 


ex- 




Water. 

tcin. 

Fat. 

tract. 

Fibre. A«h. 


.0 

-O 

/O 

<o 

,0 

1 0 

Edra . 

. 10-91 

11-44 

4-34 

S0-31 

1-73 

2*18 

GidjVp-jawar 

. 11-02 

10-13 

3-30 

S3 36 

1-57 

1*04 

Paviii-jawar. 

. U-35 

9-97 

2-41 

S5 -31 

1-06 

1*73 

Natal. . . 

. 10-91 

14-50 

2-97 

7S-90 

1-94 

1*00 

Pjuggara 

. U-35 

13-SI 

3-52 

79-96 

1-66 

204 

IV bite milo 







tnaize . 

. 12-90 

11-12 

2-65 

S2-44 

O. JO 

1*07 

White Katlir curn 12*10 

12-94 

O. 

79-93 

2-32 

1*07 

White Kartireom 12*33 

11-56 

3-55 

St -6S 

1-7S 

1-03 

lied Kailir corn 

. 12-31 

10-06 

3-73 

S3- 13 

1-36 

1*31 

Dwarfmiio maize 11-94 

12-69 

3*41 

S0-71 

1-65 

1*34 


2. Bale and Bothgeb. 

(U.S. Dept. Agric. 1915. Farmers Bull. 6SG.) 


Tro- 
Water. teln. 

© e 

.a o 

Milo maize , 67 0-32 12-34 
Dwarf milo 

maize . , 53 9 39 12-10 

Feterita . . S 9- 39 14 CO 

lOaekhuii 

Kaffir corn 7S 9- 39 14 10 
Dwarf Kaffir 

core . . 13 9 93 13-09 

lied Kailir 

ecru . . 37 9-36 12 01 

Shalhi . . 10 10-39 15 17 


N-free 

ex. 

Fat. tract. Fibre. Ash. 

© U 0. O 

i9 iO vO Q 

3-13 71-S9 1-4S 1-62 

3 27 72 09 1-47 1-63 

2- 90 70-32 1-49 1-72 

3 4 7 69-19 1-39 1-79 
3 23 70 49 1-32 1-70 

3- 16 72-03 1-31 1-73 
3 69 69 96 1-92 1-99 


S. U’inton. 

(Conn. Agric. Exp. Sta. Ann. Rep. 1902, 33S.) 

N-free 



Water. 

Pro- 

tein, 

Fat. 

ex- 

tract. 

Fibre. Ash. 

Brooiu Corn 1 

hong brush 

O 

1 0-1 9 

O* 

o* 

© 

© 

,o 

evergreen 

. t2-63 

3-49 

67*90 

2S3 

2*46 

Early J a pan 

. 12-32 

11-S7 

3-52 

63*36 

3-S4 

2*S9 

California 

Golden . 

. 12-86 

10-44 

3-74 

G3*54 

3-S4 

3*28 

Improved 

dwarf . 

. 12*SS 

9-36 

3-20 

64-93 

6-19 

3*24 

Sugar Sorghum 
Early amber 

l 

. 12*37 

11-12 

3-74 

67-43 

3-09 

2*20 

Early orange 

„ 13*00 

9-SI 

3-03 

69-S0 

1-99 

1*75 

White Kailir 

corn * . 

. 12-66 

10-31 

3-30 

71-01 

1-44 

1-29 

Ked Kaffir corn 

* 12-23 

10-62 

3-41 

71-42 

110 

1-19 

White dwarf* 

. 12-20 

12-62 

3-95 

67-63 

1-53 

2-07 

Frown dwarf* 

. 12-48 

12-23 

3-97 

69-45 

M9 

1-06 

White milo 

maize * 

. 11-9S 

11-19 

3*17 

7002 

1-37 

1-37 

Yellow milo 

maize* . . 

. IMS 

10*31 

2*91 

72-09 

1-73 

1 77 

1 With chaff. 

2 

Without chaff. 



4. Bidicelt and others. 


(U.S. Dept. Agric. Bull. 1922, 1129.) 

Ether N-free 

ex- Dro- Crude ex- 1’erito- 

Ash. tract, teln. fibre, tract. Starch, sans. 
Kernels. % % % % % % % 

Kaffir . . I SO 4-10 12-70 I SO 79-60 61-90 3-30 

Milo . . 1-30 3-47 13-99 1-93 79-72 6S-52 3-95 

Feterita . 1-79 306 16-60 2-22 76-24 64-16 3-3S 


•5. Baird and Francis. 

(Ind. Eng. Chem. 1910, 2, 531.) 

Summary of 5 Analyses. 

N-frcc 

Fro- ex- 

Watcr. tcin. Fat. tract. Fibre. Ash. 

Kafir Corn. % % % % % It 

Minimum . . 11-26 11-37 3-40 63-33 1-SS 1-20 

Maximum . . 13-43 12-S3 3-SO 70-93 2-90 1-67 

Average . . . 12-36 12-11 3-63 6S-0S 2-39 1-43 

'The various millets are largely used as fodder 
plants, but cases of death among animals fed 
upon young plants (of sorghum in particular) 
have been numerous. It has been shown by 
Dunstan and Henry (Phil. Trans. 1902, A. 399) 
that the young leaves and shoots of Sorghum 
culgare contain a glucoside. dhurrin, which 
readily hydrolyses by the action of an enzyme 
also present in the plant, yielding p -hydro xy- 
bcnzaldehyde, d-glucose, and hydrocyanic acid. 
These observations were confirmed by Leather 
in India (Agric. J. India. 1906, 1, part III. 
220-225). Brunnich (J.C.S. 1903. 83, 7SS) 
obtained as much as 2-44 grains of hydrocyanic 
acid from 1 lb. of green sorghum at 5 weeks 
old. corresponding to 1SSS grains per 1 16. of 
dry matter. The amount rapidly diminished 
as the plant grew : At 9 weeks old. the same 
sorghum yielded only 0-20 grain per 1 lb. of 
green material (0-76 grain HCN per 1 lb. dry 
matter). 

Willaman (J. Biol. Chem. 1917. 29. 25) states 
that hydrocyanic acid is present in sorghum not 
only as the glucoside dhurrin but in another 
form. He also finds that leaves subjected to a 
low temperature contain more hydrocyanic acid 
in both forms than ordinary leaves, thus 
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explaining and confirming the general opinion 
that young Borghum is especially poisonous after 
a frost. 

Dowell (J. Agric. Res. 1919. 16. 175) found 
that sorghum cut after a drought contained 
00514% HCN. whereas that grown under 
normal conditions contained only 0 0220%. 

Pinckney (J. Agnc. Res. 1924, 27, 717) 
reported that the application of nitrates m 
crea«cd the HCN content of the plant. Tsuku- 
naga (Agric. Exp. Sta Manchurian RIy. Co. 
Res. Bull. 1931, No. 2) found that the leaves of 
sorghum contained 0 0358-0 1066% HCN and 
records v amtions associated with seed colour, i 

Acharya (Indian J Agnc. Sci 1933, 3, 851)! 
has studied in detail the development of HCN 
in cholam (sorghum). 

The HCN is best determined by permitting 
tho auto enzymic decomposition of cy onogenetic 
substances in H,0 extracts of macerated 
material (48 hours) with subsequent distillation 
and determination of HCN by customary 
methods Addition of C HCI 3 or toluene to 
extracts, as a preservative, does not check the 
action of the enzyme. The HCN content of 
cholam in the early stages of growth is high 
and declines steadily to a minimum at the flower- 
ing stage. High v alucs occur in draughted plants 
and secondary grow ths Leaves contain more 
HCN than stems or roots. The total HCN and 
the percentage in dry matter are low in the early 
morning, rising to a maximum at approximately 
2 pm. and declining rapidly after 6 pm. Seed 
lings grown in darkness have as much HCN 
as those grown in light. Drying cut plants in 
the sun reduces their HCN content by 39-40% 
and in the shade by 10%. Heating at 100° for 
several hours or brief immersion in 20% aqueous 
H,SO. destroys the cyanophorie substance, 
and only traces of H C N remained in planes after 
ensilage for 2 months. Poisonous plants are 
detected by means of the starch accumulation 
in the stems. Acharya's work confirms that of 
IVlllaman in that the presence ui cholam of 
CN substances in forms other than glucosides 
is indicated. 

Bnmnich (/ c) was also able to detect hydro- 
cyanic acid in several other varieties of millet. 
Tsukunaga (2 c.) confirmed this. 

When sufficiently grown, however, the various 
millets afford good fodder, and tho smaller 
varieties nutritious and palatable hay. The 
following are analyses of some millet hays grown 
in tho Transvaal s 

N free 

Fro- cx- Crude 

Water teln. Fat tract fibre. Ash 


in its decomposition products and certain 
physical characters. From a 70% alcohol 
solution, in which it is les3 soluble than zem, « 
readily coagulates on ov erheating. 

The ultimate composition of kaffinn as 
obtained by Johns and Brew ster is as follows : 


Carbon 
Hydrogen 
Nitrogen . 
Sulphur . 
Oxygen . 


. 6519 
. 7 36 
. 16 44 
. 060 
. 20 41 


JVwf manna . 7 
lloldcn mJUi t 7 
Californian Breen 
mobs . . 6 


10 5 1 2 33 0 33 C 9 3 
08 12 33 8 31 8 88 


Proteins. — The principal protein of Kaffir 
corn and doubtless of allied if not all varieties 
of the species is laffirm, a prolamine, first 
isolated by Johns and Brewster (J. Biol. Chem. 
1910, 28, 59), constituting more than half of 
the protein of the gram. It is similar in ulti- 1 
mate composition to zein, of maize, but differs 


Amino Acids of Kajfirin. — Hydrolysis hy 
Jones and Johns (J. Biol. Chem. 1918, 36 , 323) 
yielded the following . glycocol none, alanine 
8 08, valme 4 26, leucine 15 44, cystine 0 84, 
aspartic acid 2 27, glutamic acid 21-23, tyrosine 
5 49, phenylalanine 2 34, prohne 7 8, tryptophane 
present, arginine 1 59, lvsme 0 95, histidine 1-12, 
and ammonia 3 46% Total 74 87%. 

Narayana and Norris (J. Indian Inst. Sci. 
1928. 11A, 94, Tabic 4) in comparing 
clcusinm (t>. infra, p 488) with kaffinn and 
sorghtimm gne the nitrogen distribution as 
follows 

Kafflrln Sorghumln 

>rom Sorghum 

A Sorghum 1 ruigart * 


Amide 

20 76 

18 06 

Humin. 

1 35 

3 08 

Arginine 

3 92 

4 83 

Histidine 

1-71 

1 19 

Cystine 

1 23 

0 92 

Lysine 

2 48 

3-45 

Ammo 

. 68 85 

60 01 

Non-amino 

0 32 

5 33 

1 Expressed a! 

i percentages of total nitrogen. 


Jones, Gen'd orff and Moeller (J. Biol. Chem. 
1924, 62, 183) obtained the following figures m 
two preparations : 


Cystine .... 0 55 0 53 

Tryptophane . . 1-17 0 73 

iVifrojeu Distribution in Kaffir Com Protein . — 
Dowell and Menaul (J. Biol. Chem. 1921, 46, 
437) obtained practically all the protein matter 
of the grain by extracting with dilute alkali and 
precipitating with acetic acid. 

Determinations in this material by Van 
Slyke’a method gave the following results : 


Nitrogen is: 

Humin adsorbed by lime 
Humtn in amyl alcohol exti 
Cystine . . . 

Arginine 
Lysine 
Histidine . 

Amino in filtrate . 

Non amino in filtrate 
Amide .... 


*•) 110 
. 0 90 
. 2 41 
. 1-05 
. 1-78 
. 74 95 
. 7 20 
. 8 40 


Fat of Millets a so Sorghums.— Analy »es 
by Berseh (Landw. Versuchs-Stat. 1893, 46, 
103); 



Rough millet . 
Bran . 

Polish . 
Decorticated . 


Sap. no. 
216 

213-216 

210-212 

213-214 
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Iodine no. 
60 

58-59 

58 

56-61 


Smith and Waller (Anatyst, 1933, 58, 319) 
give the characteristics of three specimens of 
millet oil from Panicum miliaceum and of the 
fatty acids and unsapoiiifiable matter extracted 
from the oil. 


Table I. — Physical and Chemical Characteristics of Millet Oil. 


• 

i. 

II. 

III. 

Borsch, 

Fabris tt 

Duubar & 
Binne- 

Koryo oil 
Japan, 


1930 crop. 

103! 

crop. 

389.J. 

1907. 

1020. 

1930. 

Sp.gr. at 25°/2o°C. . 

09076 

0-9194 

0-9120 


0-9275 

(15°C.) 

0-9228 

(22-5°C.) 

0-9206 
(20° C.) 

Refractive index, . 

I-4G20 

1-4664 

1-4648 

— 

— 

— 

1-4649 

Saponification value 

166-8 

182-8 

183-8 

216 

183-8 

181-5 

183-0 

Acidity (as oleic), per cent. 

31-9 

36-6 

43-1 

— 

— 

11-9 

20 

Acetvl value .... 

18-0 

— 

— 

— 

— 

39-2 

— 

Unsap. matter, per cent. . 

4-9 

3-1 

4-4 

— 

— 

2*5 

5*4 

Iodine value (Wijs) 

132-2 

129-1 

130-5 

60 

130-4 

(Hubf.) 

114 

Bromine value .... 

— 

85-5 

S0-2 

— 

— 

— 

— 

Calculated iodine value 

— 

134-9 

127-2 

— 

— 

195-5 

— 

Neutralisation value of 








fatty acids .... 

197-8 

198-6 

198-6 

— 

— 

— 

— 

Iodine value of unsaponifi- 








able matter .... 

i 



143-4 






Table II. — Fatty Acids extracted from Millet Oil. 



I. 

1930 crop. 

II. III. 

1931 crop. 

Fabris & 
Settimj, 
1907. 

Dunbar & 
Binne* 
wii-s, 
1920. 

ICoryo oil. 

Appearance 

M.p. (capillary tube method) . 


Liquid w 
crvstallin 
23°-24°C. 

itli slight 
e deposit 
22°-23°C. 

26°-27 c C. 



Iodine value 

— 

136-8 

96-6 

— 

— 

— 

Bromine value 

— 

85-9 

87-2 

— 


— 

Calculated iodine value ' . 

— 

136-3 

138-4 

— 


— 

Thiocyanogen value (15 hours) 

— 

78-6 

77 

— 

— 

— 

Calculated composition, per 
cent. — 







Oleic acid 

— 

22*7 

17-4 

— 

— 

— 

Linolic acid 

— 

64-2 

67-8 

— 

— 

— 

Saturated acids .... 

— 

13-0 

14-0 

— 


— 

Lead salt and alcohol separa- 
tion — 







Solid acids, per cent. 

— 

7-0 

6-6 

15-5 

14-7 

28-4 

Iodine value 

--- 

2-6 

2-7 

— 

24-4 

13-1 

Liquid acids, per cent. . 

— 

93-3 

93-4 

84-5 

85-3 

71-6 

Iodine value 



128-1 

. 

127-6 

146-3 

123-8 

120-0 


The unsaponifiable matter consists largely of 
a substance (m.p. 2S5°C.) composed of C 84-5%, 
H 11 -S%, and O 3-7%. This is probably 
identical with the “ Panicol ” of Kassner (1888) 
and “ Prosol ” of Dunbar and Binnewies (J. 
Amer. Chem. Soc. 1920, 42, 658). A chloroform 
solution gives no coloration with sulphuric acid. 
The Licbermann-Burehard test results in the 
slow development of a violet tint. The oil 


contains no vitamin A. Smith and Waller 
agree with the suggestion of Dunbar and Binne- 
wies that the saturated acids consist of a large 
amount of palmitic acid and smaller amounts 
of eamaubic and daturic acids. The un- 
saturated acids consist of oleic, linolic, and 
isolinolic acids. Winton (p. 113) tabulates 
analyses of Kaffir com oil by Baird and Francis 
(Ind. Eng. Chcm. 1910, 2, 531) and of feterita 
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and m3o oil by Francis and Friedemann 
(Oklahoma Agric. Exp. Sta. 1917, Bull. 117): 


Source of Ref M p. me ni Papon. Iodine. 

oil. Sp gr. ind. *C. no. no. no. 

Kaffireorn 0-0398 1 46C9 44 2 63 1 103 6 100 7 

Feterlta &02C0 1 4651 41 7 — 187 3 — 

Milo maize 0 9275 1 4875 42 9 — 189-5 — 


Reichert* adds Lnsap 

Source of Melisi Hehner Aretjl titer matter 
oil no no. no *C 
Kaffir com 4 3 03 2 1 42 3 34 0 1 72 

Feterlta . 3 0 95 1 26 8 30 6 0 84 

Milo malic 13 91 6 20 4 20 7 0-05 


There is marked difference in the fat contents 
of the malts. Cholam contains 4 1% of fat, 
mainly fatty acids, -whereas barley centavos 
2%, mainly neutral fat. The high fat content 
of cholam tends to reduce the amount of extract 
obtainable from the malt. 

Cholam amylase is more acti\ e in its liquefying 
power than barley amylase, but the reverse is 
true of its saccharifying power; hence it is 
believed that the enzymes are not the Bame in 
the two grains. 

By the action of cholam amylase on potato 
starch Patwardhan (J. Indian Inst. Sci. 1930, 
13, A, 31) obtained four different dextnns. 


In most respects the characteristics of the 
fats of the three sorghums agree closely with 
each other. L’eno and Kuzei (J Soc. Cheui 
Ind Japan, 1930, 33, 432) obtained from Man- 
churian grain Sorghum r ulgare. 3% of a pleasant 
smelling, brown, pasty oil (Korvo Oil), constants 
as m Table I. 

The yellow-brown fatty a ads deposited a 
small amount of Solid acids at 16° and had 
saponification value 197, iodine value 119 5, 
the liquid fatty acids (71 6%) and solid acids 
(28 4%), m p. 53 9°-54 6°, separated by the lead 
salt-ether method, had respective iodine values 
120, 13 1 ; saponification values 193 7, 215 3. 
After acetylation the unsapomfiable matter 
yielded 7-93% of a hydrocarbon (m.p 60 5°- 
61 8®), steryl acetates (m p. about 64°) and 19 6% 
of a fraction crystallising at 31 5° having acetyl 
value 104 2, and containing higher abphatie 
alcohols 

The unsaturated fatty acids consisted of oleic 1 
and lineoleic acids, 2.1, and the saturated acids 
mainly of palmitic acids. Steger and van Loon 
(Rec. trav. chim 1934, 53, 41) obtained a fatty 
oil from Pamcvm mtltaeeum which contained 
3 3% of unsapomfiable matter and 88-7% of 
fatty acids, comprising saturated acids 10 7%, 
oleic acid 23 9%, linoleic acid 46 9%, Iinotenac 
acid 7 2%. 

Carbohydrates (Kaffir com). — Baird and 
Francis (he.) . 

Nine 1 


Dextrin I has [a] + 174 0° 

„ II .. +135 9° 

„ III ., +170 6° 

„ IV „ + 184 2" 

\ iswanatli and Suryanaray ana (J. Inst. 
Brew. 1925,31,423) found that both at low and 
high temperatures the hydrolysis of starch by 
cholam malt is slower than that by barley malt 
in the earlier stages, hut eventually the rate for 
cholam malt o\ ertakes that for barley malt. 
They concluded that two enzymes were cou 
cemed in the reaction an amylase converting 
starch into dextrin and a dextnnase further 
hydrolysing the dextrin to maltose 

Acharya (Indian J Agric. Sci 1934, 4, 476) 
has studied the hydrolysis of starch by enzymes 
in the malt of cholam The optimum reaction 
and temperature of the active maltase arc pa 4 2 
and 48° respectively, thus resembling that of 
maize and barley. A study of the liquefying 
and saccharifying properties of the diastases 
from cholam and barley malt indicates differ- 
ences which are due to different contents of 
a- and 0 amylase. 

Mineral Coxstitcevts — Ash analysis of 
four samples of Kaffir com by Baird and Francis 
(!.e.) are summarised by Winton as follows : 

KjO NjO, CAO MjO f«jO, PjO t 

Minimum . 24 82 0-84 1 46 15 25 1 18 37 47 

Maximum 29 78 2 42 2 15 18 80 2 08 46 72 

Average . .27 17 1 18 1 80 17 34 1 57 43 04 


Pento- Galac- Glu- So- ex 
Starch, tans tans cose crose. tract 

Minimum . 57 12 3 79 0 10 1 34 0 27 6616 

Maximum . 60 71 5 04 0 21 1 44 0 SO CS 44 ! 

Average . 58 86 4 33 0 15 1 33 0 53 67 33 

Enzymes — Bidwell > t al (1 c.) record malting 
experiments with the kernels of the gram sor 
g hums, nnlo and fetenta, comparing the results 
w ith those obtained from Kaflir com and mane. 
They do not consider the kernels suitable for 
malting purposes. The protein content of 
fetenta is higher than that of the other grains. 
The homy endosperm in each ca«c lias more 
protein than the starchy endosperm. The germs 
of the sorghums are t ery similar in composition. 

The amylase of cholam (Sorghum vulg are) has 
been studied and compared with that of sprouted 
barley by Patwardhan and Norm (J. Indian 
Inst. Sci. 1928, 11, A, 121) and Narayanamurti 
and Norris (J. Indian Ihst. Sci. 1928, 11, A, 
134). 


Minimum .0 17 0 98 

Maximum . 1 22 4 15 

Average . 0 52 2 16 


0 44 

058 

0-49 


288 

573 

400 


Vitamins. — M. C. Smith (J. Agric. Res. 1930, 
40, 1147) compares the v itamin A content of the 
grain sorghums hegan and yellow rnilo with 
yellow maize Yellow maize is 20 times as nch 
ia vitamin A as hegan and 10 times as nch as 
yellow nnlo. Copeland and Frap9 (Texas Agric. 
Exp Sta. Bull 1932, No 473) fed sorghum silage 
to dairy cows and found that it was not possible 
to give sufficient to provide the normal vitamin 
A requirements for mamtainancc, while the milk 
produced had a low and variable vitamin A 
content. Fomin (Arch TieremShrung u. Tier- 
zucht, 1932, 8. 150) found that green sorghum 
contains a sufficiency of vitamin C, hut to pro- 
vide normal requirements of vitamin B it must 
constitute 20% of the ration. By the ensilage 
of sorghum the content of B and C is reduced, 
but Titamin D is unaffected, lteder (Proc. 
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Oklahoma Acad. Sci. 1934, 14, 50) gives values 
for the content of vitamins B and B 2 . 

Sorghum Juice and Syrup. — Martin and 
others (J. Agric. Res. 1931, 42, 57) examined the 
leaf and intemode juices of seven varieties of 
sorghum and determined their freezing-point 
depression and conductivity. The total solids 
of the intemode juices varied from 6-5 to 14-3%. 
Honey sorghum yields 15-238 (average 75) 
gallons of syrup per acre ; 30-45% of the 

ueight of the cane is obtained as juice. The 
sugar content varies from 5-7-14-7% (Ark. 
Agric. Exp. Sta. Bull. No. 241, 1929). The 
most important source of colour in sorghum 
syrup is lievulose. According to Willaman and 
Easter (Ind. Eng. Ch cm. 1929, 21, 1138) the 
colour value as measured by the Pfund colour 
grader varies linearly with the logarithm of the 
concentration (in degrees Brix) and with the p H . 

The iron content of sorghum syrup is high 
(0 0147%) owing to the acidity of the original 
juices and evaporation in iron pans (Sheets and 
Sulzby, J. Home Econ. 1934, 26, 431). 

The jellying of sorghum syrup on evaporation 
and the difficulty in filtration are due to the 
presence of starch. Preliminary treatment of 
the juice with malt diastase greatly increases the 
rate of filtration and prevents the jellying of the 
finished product (Sherwood, Ind. Eng. Chem. 
1923, 15, 727, 780), Willaman and Davison 
(Ind. Eng. Chem. 1924, 16, 609). 

Physiological Chemistry of Sorghum. — 
Aeharya (Madras Agric. J. 1931, 19, 157) 
has done some experiments on the growth and 
rate of adsorption of mineral nutrients. The 
tissues are richest in plant nutrients at the 
flowering stage or immediately following it. 
Taking an average crop of cholam to yield about 
1,000 lb. of grain and 2,000 lb. of dry straw per 
acre, the mineral nutrients removed by the crop 
are, per acre : 

Nitrogen 35 lb. 

Phosphoric acid . . . . 10 lb. 

Potash 32 lb. 

Potash fertilisers increase the total sugars 
and sucrose in sorghum (Poromarcnko, Nauk. 
ZapiskiTzuk. Prom. 1933, 10, No. 27, 165). 

Miller (J. Agric. Res. 1924, 27, 785) measured 
the daily' variation of carbohydrates in the 
leaves of sorghum and maize and found that the 
amount of dry matter per unit leaf area was 
always greater in the sorghum. 

In connection with storage Coleman and others 
(U.S. Dept. Agric. Tech. Bull. 192S, No. 100) 
measured the respiration of grains and found 
that at high humidities damaged kernels respire 
more vigorously than do normal kernels. 

Valuable crosses between 6ugar cane and 
sorghum have been developed ; Yiswanath and 
others (Indian J. Agric. Sci. 1934, 4, 210) have 
experimented with these crosses and have 
recorded the analysis of the juices in relation to 
the maturity periods. 

Antoninni (Atti R. Acad. Lincei, 1935, [VI], 
21, 192) records the enzymic transformation 
by the embryos of Sorghum saccharatum (sugar 
grass) of sodium phosphoglyceratc into pyruvic 
acid, the yield of the latter being 25-27%'of the 
theoretical. 


V. Cuculescu (Z. Unters. Lebensm. 1934, 68, 
651) gives the analysis of the seeds, stems, and 
syrup of sugar grass. 

Manufacture of Bleached Pult- from 
Sorghum Stalks. — Yamamoto (Rept. Lab. Sci. 
Manchuria Rly. 1929, 26 ; J. Cellulose Inst. 
Tokyo, 1928, 4, 53) digested the stalks first with 
water at 100°-120° for £-1 hour, and then with 
12% of caustic soda at 130°-140° for 3-4 hours. 
A 46% yield of light brown pulp was obtained 
which bleached with 2-97% of available chlorine, 
giving a' 36% yield of bleached pulp. It is 
estimated that the annual production of stalk 
is about 14-4 million tons. 

Common Millet . — Panicum mtliaceum L. 

Composition of common millet and products, 
Bersch (Landw. Yersuchs-Stat. 1895, 46, 103) : 

N-lrec 

Pro- cx- 

Water. tein. Fat. tract. Fibre. Ash. 

O' O' Of Of Of O' 

/O 'O iO / O /O /O 

Hough millet . 9-40. 11-50 3-29 62-97 10 00 2-88 

Bran . . . 10-27 6-68 2-33 19-50 52-50 8-72 

Bran . . . 9-05 6-25 2-38 28-58 43-78 9-30 

Polish . . . 8-83 18 06 18-48 35-02 11-07 8-44 

Polish . . . 9 00 18-37 10-50 42-61 G-38 7-14 

Decorticated 

millet 1 . . 9-77 13-06 2-84 72-99 0-46 0-88 

Decorticated 

millet 1 . . 9-10 11-40 2-81 75-14 0-23 1-2G 

1 Extreme sizes. 


Chamberlain {l.c.) gives the analysis of 38 
samples of Proso. The range and average 
composition are : 

Pro- 
tein N-frec 

(JV x cx- 

IVater. 6-25). Fat. tract. Fibre. Ash. 

°L D ’ o/ O' o' 

/O / O /O /O /O /o 

Minimum . . 8-15 10-0 2-88 65-G9 4-58 2-78 

Maximum . 10-03 17-94 3-78 75-22 10-89 5-65 

Average . . 8-93 12-77 3-27 71-23 8-95 3-78 


Proteins (Winton op. cil., p. 125). — In 
samples analysed by Bersch (l.c.) the protein 
nitrogen and amide nitrogen in millet and its 
products were as follows : 


Rough millet 
Bran 
Polish . 
Decorticated 


Protein N Amide N 

1-83 0-02 

0- 96-1-04 0-03-0-04 

2-71-2-79 0-09-0-23 

1- 76-1-94 0-01-0-33 


The nuclein ranged from 0-70 in the polish to 
0-40 in the decorticated millet. 

Carbohydrates (Bersch, l.c.). — 


Rough millet 
Bran 
Polish . 
Decorticated 


Starch. 

62-56 

19-03-27-83 

34-12-41-59 

72-56-74-40 


Sugar, etc. 
0-31 

0-47-0-75 

0-90-1-02 

0-37-0-74 


Mineral Constituents. — The composition 
of the ash of millet, given by T Haskins (Mass. 
Agric. Exp. Sta. 1919, Spec. Bull) in terms of 
parts per thousand of the grain, as recalculated 
by Winton in percentages of the ash : 

Bndcter- 

K.O Na,0 CaO KjO P 2 O s SO, Cl mined. 1 

11-2 1-4 0-7 9-5 22-0 0-3 0-3 54-6 

1 Mostly silica. 
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Konig reports similar figures including silica 
58% (Chem. Mensch. Nahr-Genussm. Berlin, 
1920, 2, 873). 

Pearl Millet. — Penniaetum amcrieanum 
Schum =P.tyhoideum Hich.’=Penictllaria sjneata 
Willd. Extensively grown in Africa, India, and 
other Asiatic countries. In sub-tropical Europe 
and America it is grown as fodder. In Africa 
it is known as duchn or dohan. 

Chemical Composihon. — As analysed by 
Church (Watts' Diet. Econ. Prod. India, 
Calcutta, 1889, 6, Part 1, 30), and Balland 
(Comp. rend. 1902, 135, 1079) . 

N free 

Pro- ex- 

Water teln Fat tract Fibre Ash 

Church .113 101 33 715 15 20 

Balland— 

Minimum 11 0 8 78 2 35 60 07 1 35 0 80 

Maximum 14 0 1010 0 25 71 17 3 65 2 10 

Italian Millet ( Setana itahca). — -Rondo 

(Imp. Jap. Inst. Nutrition, Bull. Soc hrg. ah 
ment, 1927, 15, 481, 524) records the following 
analysis : 


Water . 

Crude protein 
Albuminoids . 
Fat . . . 
N-free extract 
Fibre . . 

Ash 


. 13 57 
11 12 
10 36 
5 32 
. 63 68 
. 171 
. 0 87 


Protein (Rondo). 

N distribution as percentage of total 


Humm 

Amide 

Arginine 

Cystine 

Histidine 

Lysine 

Mono amino 

Non-ammo 


. 2 54 
12 03 
. 0 71 
. 2-21 
11 81 
. 6 05 
49 43 
4 76 


Vitamins — Millets show considerable varia- 
tions in their content of fat soluble vitamin, 
and even in specimens which are richest in this 
factor the content appears to be insufficient to 
promoto the growth of rata for long periods 
(Steenbock and others, J. Biol Chem. 1923,56, 
345). 

According to Corkdl (Lancet, 1934, 226, 
1387) the fundamental condition causing 

C llagra in the Sudanese millet eaters is a 
rk of cholesterol and \ itnmins A and D in the 
food, lack of C being a contributory factor 
Vitamin D and not water soluble B x is the 
antidermatitis vitamin. 

Physiolooical Chemistry — -Schleuacner (Z. 
Pflanx. Dung. 1926, A, 7, 137) showed that the 
course of adsorption of plant nutnenta by 
different varieties of millet during the growing 
period is similar to that of the summer cereals, 
particularly barley. 

Production of dry matter lags behind the 
intake of plant nutrients, which is largely 
completed by the time of flowering. During 
the first three fortnightly penods of the growing 


season the course of adsorption is not markedly 
influenced by the manuring. Only in the case 
of nitrogen was the course of adsorption affected 
by manuring, and the greater the amount of 
nitrogen given the more did adsorption provide 
formation of dry matter. The plant nutrient 
requirements of millet appear to be less than 
those of barley. 

Borodina (Bull. Appl Bot. Leningrad, 1931, 
27, No. 5, 171) records experiments on the 
influence of nutntionon the time of appearance 
of the ears of millets. This is not affected by 
N or K but lack of P causes delay. Schaffer- 
Kircher (Arch. Pflanzenbau, 1933, 10, 324) has 
investigated the influence of soil reaction on the 
germination of millet and maize. In general 
millet prefers the more acid conditions and the 
p H range of germination is wider than that of 
maize. 

A fermented beverage called “ Boss ” is made 
from millet. Heiduschkaand Dantscheff(Pharra. 
Zentr. 1931, 72, 337) give the following direc- 
tions A very thick mash of finely ground millet 
is boded and cooled several times and inoculated 
with an infusion of ground chick-pea and air- 
dned embryos of millet After keeping over- 
night at room temperature, the diluted mash is 
filtered through wire gauze and allowed to fer- 
raent further. The resulting yellowish-brown 
beverage in which are suspended the finest 
particles of the millet is termed “ Bosa ” and 
contains at the end of 13 days 0 515% of 
ethyl alcohol, 0 493% of lactic acid, and 0 0975% 
of acetic acid. 

C/euime coracana Gaertin. 

This cereal, also known as African millet, like 
the sorghums and pearl millet (Penniaetum 
typhotdeum Rich.) is extensively grown in 
Centra! and Southern Africa and to some extent 
in Egypt and Abyssinia. Under the name 
“ ragi ” it is the staple cereal crop of the state 
of Mysore. India (Narayana and Norris, l c.). 

CompositionofCoracan(\Vintou,op eii.p.178). 


Wai 


N free 

Pro- h- 

• teln Fat tract. Fibre A«h. 


Church— 

W hole grain 12 5 59 08 74 0 30 26 

Husked grain 13 2 73 15 73 2 25 23 

Adolph. . 8 50 5 84 5 75 74 20 2 01 3 64 

Naraj ana and 

Norris, I . 0 00 6 90 182 85 23 3 27 2 78 
Narayana and 

Norris, 11 . 0 00 0 83 1 61 82 50 3 54 2 52 

Proteins — Narayana and Norris (l c.) found 
that the protein matter of the grain consisted 
largely of a prolamine to which they gave the 
name eleuamin. 

Tho finely ground gram was extracted with 
three tunes its w eight of 70% alcohol. The extract 
was filtered and the clear yellow liquid was 
evaporated under reduced pressure until the 
first signs of precipitation. The liquid was then 
filtered and poured with constant stirring into 
ten times its \ olume of distilled water. A milky 
fluid was produced from which the protein was 
precipitated by the addition of sodium chloride. 
The precipitate was purified by solution in 70% 
alcohol and reprecipitated. After washing with 

ater the precipitate was dried and detracted 
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with ether to remove the fat. The final product 
contained 15-9% N and both tyrosine and 
tryptophan. There was no P present and 
cystine was probably absent. 

The ultimate composition was : 

% 

C 53-29 

H 7-35 

N .... 15-91 

O 23-34 

The nitrogen distribution was determined in a 
mixed sample by the Van Slyke method (J. Biol. 
Chem. 1911, 10, 15) as modified by Plimmer 
(J. Biol. Chem. 1925, 10, 1004). Expressed as 
percentages of total nitrogen : 

Hvmin. 


Insoluble . 

. 0-87 

Soluble .... 

. 0-28 

Amide .... 

. 20-52 

Basic. 

Arginine 

. 2-60 

Histidine . 

. 2-69 

Lysine .... 

. 0-64 

Non- basic. 

Amino .... 

. 69-03 

Non-amino 

. 2-13 


Enzymes. — Patwardhan and Narayana (J. 
Indian Inst. Sci. 1931, 13, A, 38) found that the 
amylase of “ ragi ” had greater saccharifying 
power than cholam malt and maize malt 
enzymes, but less than that of barley malt 
amylase. The optimum temperature lay be- 
tween 65° and 60°. The optimum reaction 
was between p a 4-86 and 5-07. W. R. S. L. 


OATS. 


Cultivated oats include eight common species 
of the genus Avena. Their cultivation is 
practically confined to Europe and North 
America, and occupies about half as great 
an area as wheat. Owing to their hardness, 
they were very little used for human food 
before the introduction of machinery, and 95% 
of the crop is still consumed "by animals and 
poultry. 

Oats vary in composition as wheat does. A 
typical analysis of crushed oats (Milling, 1933, 
80, 340) gave : 


Mois- 

ture 


WiRCSt- 

illlc 

Albumin- carlio- Woody Mineral 
Oil, olds, hydrates, fibre." matter. Silica. 

Of Of O' o o- o 

sO to /O O /O to 

G-77 11-12 50 92 0-14 2-00 0-85 


Other analyses have been carried out by Aitken 
(Trans. H. and Ag. Soc. 1901, v, 13, 292, 293), 
Wilson (tiiid. 1903, v, 15, 183) and Atwater 
(U.S. Dept. Agric. Exp. Sta. Bull. 1899, No. 28) 
and a complete elementary analysis by Bertrand 
and Ghitcscu (Compt, rend. 1934, 199, 1269). 
The variations due to the variety of oat are the 
most important, especially for the manufacture of 
oatmeal, and the proportion of husk to kernel is 
the most significant factor. Oats are remarkable 


for their high fat content and are also rich 
in protein, constituting a valuable and con- 
centrated foodstuff. They are, however, de- 
ficient in vitamin A, traces of which are found 
in the oil only (Meyer and Hetler, J. Agric. 
Res. 1931, 42, 501). Oat straw is valuablo a.o 
fodder, since it is cut while the transference of 
food to the ripening grain is still incomplete 
(Milling, 1933, 80, 340). 

In addition to human and animal foods, an 
important product is furfural, first made from 
oat hulls by the Quaker Oat Co. about 1924, 
This process was for long the only commercial 
source of furfural, and is still the largest source. 

E. A. F. 

RICE. 

Contents. — Introduction ; Yields ; Milling of 
Rice ; Composition of Rice and Rice Products 
Proteins ; Fat ; Carbohydrates and Enzymes ; 
Mineral Constituents ; Minor Elements ; Pvice 
Husks ; Rice Straw ; Storage ; Vitamins ; 
Organic Phosphorus Compounds ; Rice Pro- 
ducts as Feeding Stuffs ; Physiological 
Chemistry ; Analytical ; Wild Rice. 

Rice (Oryza sativa, L.). — A Bwamp grass 
which has been cultivated in Asia from remote 
ages. It was known in China and Japan before 
3000 B.C. It is the staple cereal of the East, 
being extensively grown in China, Japan, India, 
Ceylon, Burma, the Malay Archipelago, and 
Siam. In the Now World it is grown in the West 
Indies, Central America, and Southern States of 
U.S.A. In Europe it is cultivated in Italy 
and Spain. 

Rice in its original state, i.e. unhusked, is 
sometimes known as padi or paddy. 

There are upwards of 2,000 named varieties, 
but these may be classified into two distinct 
groups : glutinous rice nnd non-glutinous rice. 
The glutinous rice, sometimes assigned the 
specific name of “ glutinosa,” with coarse, 
large, red, purple, or blackish grains, forms 
the staple food of the people in the north of 
Siam. 

Some of the other varieties of rice have been 
wrongly described as distinct species, e.g. 
hill padi or mountain rice, 0. moniana ; quick- 
growing rice, 0. praecox. Quick-growing rice 
may take only 70 days to mature, whilst some 
of the slower growing varieties will occupy the 
land for 9 months. 

Rice may be sown broadcast or by transplant- 
ing from nurseries. 

In Malaya a double transplanting is favoured. 
Rice is the only important crop that is grown in 
water. In Siam, Indo-China, and Bengal there 
is a variety of broadcasted padi known as 
floating rice, grown in certain areas where at the 
end of the wet season the water on the fields 
rises to a great height. The rice planted in these 
fields is able to keep pace with the rising water. 
The growing tips of the plant always remain 
above the surface and from the submerged 
roots of the stems subsidiary rootlets are sent 
off into the muddy water. Harvesting is done 
from boats followed by a final gleaning after 
the floods have subsided. The stems of floating 
padi sometimes reach the amazing length of 0 



490 


CEREALS. 


metres (1-adell, Trop. Agric. 1931, LXX.V1I, 
173. 

Principal Rice-crowing Countries — 
Yield and Area under Cultivation. 
(From " International Yearbook of Agri- 
cultural Statistics,” 1934-1935.) 

Europe. 


Quintals 

Area In per lb 
Hectares ITcetare per acre 


Spam 

46,103 

63 7 

5,683 

Italy 

130.722 

47 2 

4,211 


America 



USA 

316,100 

21 7 

2.204 

Hr Guiana 

28,712 

19 3 

1,740 


Atia. 



Ceylon. 

340,000 

97 

865 

China 

18,398,800 

21 3 

1,900 

Manchum 

203,850 

16 6 

1,481 

Formosa 

666,966 

253 

2,257 

Br. India 

32,789,000 

13 9 

1,240 

Br Malaya 

297,331 

17 5 

1,561 

Burma 

5.125,700 

13 5 

1,205 

Indo-Ctuna 

5,332,000 

90 

883 

Japan . . 

3.146.6CC 

30 6 

2,730 

Philippines 

2,004,030 

116 

1,035 

Siam 

2,932,830 

15 7 

1,401 

Java 

3,398,200 

15 7 

1,401 


The highest recorded yield in Siam without the 
use of fertilisers is 3,562 lb. per acre (Ladell, 
le) 

The Milling or Paddy. — The first process is 
the removal of husks or hulls, leaving what is 
called “ brown rice " The brown rice then 
passes through conical mills or "pearling cones 
which remove the outer skin and produco: 
skinned rice, sometimes called Loonzcm or white j 
rice In the next process the white rice is 
polished by whirling the gram m contact with I 


felt or leather pads. Finally the rice is glared 
Various mineral materials, such as tale, Rteatite 
mica, kaolin, or gypsum are used, with or with 
out the addition of glucose, glycerine, or 
mineral oil. Glazing is not often practised m 
the East. 

Strictly speaking, “ rice meal ” is the bran 
resulting from skinning the rice in the contest 
mills or pearling cones, but the term is some 
times applied to the polishings or to a mixture 
of the bran and polishings. ‘‘Cargo rice” is 
the mixture of husked rice and paddy from the 
hullers. “ Broken rice ” is composed of the 
broken grains separated by sifting the product 
from the different processes, and vanes in 
composition according to whether it comes 
from the hulls, conical mills, or polishers 
According to Frnps (tide infra) the American 
process is briefly as follows : 

1 “ Stones ” remove the husk or hulls from 
the purified paddy. 

2 “Stone bran reel" which separates tho 
“ chits ” consisting of broken rice and rice hulls, 
and " stone bran,” consisting of a mixture of 
broken nee and nee hulls. 

3 The paddy machine separates the mixture 
of brown nee and paddy rice. The brown nee 
goes to the “ hullers " 

4. “ Hulling ’ This term is one that has led 
to much misunderstanding, as it is tho bran that 
is removed, not the hulls The huller bran is 
usually mixed with the “ stone bran ” and 
the mixture is known os “ nco bran ” 

5. 41 Pearling cones ” credo much of the outer 
covering of the rice gram, resulting in tho 
production of “ cone meal ” 

6. 44 Brushes,” consisting of cylindrical frames 
covered with hide or 6hin, revolving rapidly 
inside a cylindrical cover of a closo mesh wire 
screen This process rubs off the remainder of 
the thin outer skin of the rice gram and gives 
rise to the 14 polishings.” 

Fraps (Texas Agric Exp Sta 1911, Bull 191) 
made a comprehensive investigation of nee 
milling products and by products (see lVinton, 
“ Structure and Composition of Foods,” Vol 1, 
p. 140, Chapman and Hall, Ltd , London, 1932) 


Composition of Rice and its By PnoDUCTS.friMPs). 



An of 

bunpItK 

Mater 

Protein 

Fat 

N^frcc 

Tihrc 

Arli. 

Sami 

Prrxh'rtt 

Ronjih rtcc 

Mm. 

9 

9 64 

7 2J 

I 3D 

00 9 > 

6 99 

4 30 

4 24 

Max. 


13 59 

8 0 » 

2 07 

60 41 

10 10 

6 42 

4 24 

Aver. . 


11 08 

8 09 

1 80 

64 52 

8 89 

5 02 

4-2! 

Brown rice . 

Mm. . . . 

1G 

10 55 

790 

1-41 

71 39 

0 78 

0 95 

0 05 

Max. 


14 41 

10 05 

2 56 

76 74 

1-51 

1-54 

0 28 

Aver, . 


12 16 

9 13 

200 

74 53 

103 

1-10 

0 10 

Head (fancy) rice : 
Jim. . . . 

8 

11 91 

6G0 

0 25 

751 1 

0 35 

0 30 

000 

Max. . . . 


13 84 

low 

0 98 

79 85 

0 48 

091 

0 13 

Aver. . . . 


12 57 

9 01 

050 

77 02 

0 40 

050 

009 



CEREALS. 


491 


Composition of Rice and its By-Products (Frafs). — continued. 


t 

No. of 
samples. 



Fat. 

% 

N-frec 

extract. 

% 

Fibre. 

.0 

Ash. 

Or 

O 

Sand. 

O' 

/O 

By-products. 
Stone bran : 

Min. 

22 

0-79 

7-40 

4-28 

29-63 

14-09 

• 9-74 

6-63 

Max. 


11-64 

11-78 

11-55 

47-97 

25-94 

20-99 

17-97 

Aver. . 


9-69 

9-77 

7-66 

36-73 

20-92 

15-23 

12-06 

Cone bran : 

Min. . . . 

28 

8-54 

12-50 

11-78 

38-35 

2-50 

5-39 

0-39 

Max. 


11-50 

16-52 

20-32 

55-94 

8-79 

8-61 

1-77 

Aver. . 


9-77 

15-39 

15-97 

46-13 

5-66 

7-08 

0-88 

Riee polish : 

Min. . . . 

10 

8-40 

11-13 

5-62 

59-43 

1-52 

2-41 


Max. 


10-70 

14-45 

12-95 

67-28 

2-79 

5-57 

— 

Aver. . 


9-91 

12-88 

9-07 

61-81 

9.12 

4-21 

— 

Rice hulls : 

Min. 

11 

6- 11 

1-78 

. 0-54 

24-56 

31-43 

14-83 

13-69 

Max. 


10-95 

5- 00 

1-98 

38-83 

46-37 

22-00 

20-84 

Aver. . 


8-49 

3-50 

0-93 

29-38 

39-05 

18-59 

17-52 


Worth and Darabsctt (Dept, of Agric. 
Burma, 1913, Bull. No. 10) record the chemical 
composition of paddy mill products. Brown 
rice will produce : polished rice 55%, broken 
rice (all grades) 30%, dust 4%, and meal 1 1%. 
They give the composition of the ash as follows : 


Mineral Constituents 
No. 1. 



Skinned rice Polished 


Paddy. 

O' 

/a 

(J.oonzein). 

Or 

/O 

rice. 


% 

Silica . 

. 4-28 

0-16 

003 

Iron and aluminium 



phosphate . . 

— 

0-10 

0-01 

Lime . 

— 

0-03 

0-02 

Magnesia . 

— 

0-20 

005 

Phosphoric acid . 

. 0-54 

0-67 

0-23 

Potash 






Nitrogen . 

1 0-91 

Ml 

0-99 


Xo. 2. 




Skinned rice. Polished 


Paddy. 

(Loonzein). 

rice. 


O' 

/ o 

O' 

! O 

O' 

/O 

Silica 

. 3-08 

0-10 

0-01 

Iron and aluminium 


phosphate . 

— 





Lime . . . . 

— 

0-02 

001 

Magnesia . 

— 

0-19 

005 

Phosphoric acid . 

. 0*57 

0-69 

0-24 

Potash 

— 

0-30 

0-08 

Nitrogen . 

. 0*91 

1-09 

0-98 


Mineral Constituents of By-Products 


Silica (Si0 2 ) . 
Lime (CaO) . 
Magnesia (MgO) . 
Phosphoric acid 
(P.Oj) ... . 

Potash (K 2 0) . 
Nitrogen (N) . 


Meal Meal 
from from Mill 
polishers, cones, dust. Hush. 
Vo ** u o 

0-970 1-402 11-500 17 18 
0-040 0-001 0-0G8 — 

0- 175 0-990 0-449 — 

2-81G 3-85S 1-092 0-041 
— 1-404 — _ 

1- 040 1-8S0 1-127 0-027 


The outstanding figures are the high pro- 
portion of silica in the husk and in the mill dust, 
which consists largely of broken husk. The 
meals contain large amounts of phosphoric acid, 
potash, and nitrogen. 

Parboiling (Charlton, Agric. Res. Inst. Pusa, 
1923, Bull. No. 140). — The village method of 
parboiling paddy is to place it in a receptacle, 
copper pots, earthenware pots, or kerosene oil 
tins. The paddy is covered with water to a 
level of almost 2 ins. above the grains. The 
receptacle is heated until the contents boil and 
the glumes commence to split open. The paddy 
is then spread on mats to dry. This takes from 
one to two days. The paddy is ready to pound 
when the grains have become hard. Parboiled 
rice is more sustaining than white rice. When 
cooked it remains sweet for a longer period than 
white rice and has a pleasanter taste. Millers 
have adopted the village method to large scale 
operations. Parboiling reduces breakage and 
milling losses. Thus the process increases the 
milling output and profits to the miller. 

Parboiled rice is more nutritious than raw rice. 
This is due partly to the fact that during the 
process of parboiling, vitamin B 2 penetrates into 
the endosperm layer and is not entirely lost in 
polishing. Moreover, parboiled rice is generally 
richer in both nitrogen and phosphorus than 
raw rice, even when polished to the same 
degree, but as a rule the parboiled rice is never 
polished so severely as raw' rice, which is another 
factor in favour of a higher nutritive value 
(Sreenivasan and Das Gupta, Current Sci. 
1930, V, 75). 

Jones and Taylor (U.S. Dept. Agric. Circ. 
No. 340, 1935) found that increases in “-head 
rice ” (best polished rice) due to parboiling were 
independent of the period of soaking, tempera- 
ture, or amount of steaming. These factors, 
however, did affect the colour and texture of the 
product. 

Joachim and Kandiah (Trop. Agric. 1928, 
LXX, 195) have analysed Ceylon paddies, rices, 
and milling products.’ 
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The hill paddy is richer in organic constituents, 
hut poorer in minerals, chiefly phosphoric acid, 
than the irrigated paddies [ate Cochran’s “ Ceylon 
Manual of Chemical Analyses,” 1895). The pure 
line paddies appear to be richer in proteins, fats, 
and minerals than the ordinary cultivated 
variety. The average chemical composition of 
the Ceylon paddies is similar to that of Indian 
paddies (Sen, Agric. Res. Inst. Pusa, 1917, 
Bull. No. 70). 

Le Gere (Cereal Chem. 1932, 9, 600) gives 
the following figures for Japanese nee: 

Unpolished 

(brown Glutinous: 

rice) Polished rice 

Weight of 100 ker- 
nels . .2 011 1 824 2 650 


Composition or Dry Matter 


Unpolished Polished Glutinous 


Protein . . . 8 67 

Fat . 2 45 

Fibre . 0 88 

Carbohydrates . 86 70 
Ash .... 122 


8 15 8 63 

0 37 2 89 

016 M2 
90 79 86 00 

0 36 1 36 


Takahashi and Sato. (J. Coll. Agric. Tokyo, 
1913, 5, No. 2, 135) analysed 44 samples of 
polished nee specially prepared and “ w hitened " 
for brewing sake. 

Moisture . . 12-15 

Sugar. . 0 51-0 79 

Fat . 0 24-1*18 

Total Nitrogen . 1 *3-1*4 

Non protein nitrogen 0 1 1-0 36 

Ash .0 29-0 38 

The pounding and polishing of rices result in 
a marked decrease in their fat, phosphoric acid, 
fibre and, to a lesser extent, protein contents 
Thus the “ silver skm ” or “ aleurone " layer 
of the nee grain contains the more valuable 
nutntive constituents. Parboiling affects un- 
appreciably the chemical composition of rices, 
except for a slight falling off of the fat content 
Bran is v ery nth in fat, protein, and phosphoric 
acid 

The composition of rices from different 
countries is given by Wiley (U.S. Dept. Agric 
Bur. Chem. 1898, Bull. 13, 1182) Wiley 
tabulates the maxima and minima, and means 
of the various constituents. The following 
figures represent typical samples ■ 



Iff 

Water 

Protein 

Fat 

Sol carbo- 
hjdratM 

Crude 

fibre 

Ash ^ 

Unhulled . 

300 

105 

75 | 

1 6 

67-4 

90 

40 

Hulled 

2 50 

120 

80 

20 

76 0 

10 

10 

Hulled and polished 

2 20 

12*4 

75 1 

04 

78 8 

04 

05 


Borasio (Giom riaieolt, 1929, 19, 131 ; 1930, 
20, 71, 88) reports tho analyses of polished 
rice, rough rice, and gemma (germ) : 

Composition or Rice Germ. 


Gemma j; £ ^ J 

(germ) % % •„ •„ % •/„ 

Mm. 10 50 10 50 10 70 52 50 3 30 7 40 3 70 
Max. 12 30 11 80 13 40 55 80 3 90 8 00 4 10 

Rice Proteins.— Tadokoro t' a!. (J. Coll. 
Agnc. Sapporo, 1927, 19, 93) compare the 
physico chemical properties of the nee proteins 
aeparated into four fractions. soluble in water, 
NaCI sol, NaOH sol., and alcohol respec 
tivcly. 

Glutehns — Rosenheim and Kajiura (J. Physiol. 
1908, 36, No. 6), investigating rice proteins, 
found a glutelm which they named oryzenin. 
■mall amounts of albumin and globulin were 
reported but not prolamine (ghadin). 

Larmour (J. Agnc. Res 1927, 35, 1091) 
describes the preparation of alkali soluble 
proteins (glutehns) from nee and other cereals 
and tabulates their N distribution by Van 
Slyke’s method. 

Jones and Csonka (J. Biol. Chem. 1927,74,427) 
prepared the glutelin by extracting the rice 
with 0 2% NaOH and treating the extract with 
(NH 4 ),S0 4 to 3% saturation. The product so 


obtained has an iso*e!ectnc point of p a 6 45 and 
a higher content of nitrogen, with a different 
N distribution compared with the preparations 
of other workers. 

Jones and Gersdorff (J. Biol. Chem. 1927, 74, 
415) obtained 2 4% of a glutelm from polished 
rice but none from rice bran. In contrast 
with wheat endosperm, which contains two 
different glutehns, nee endosperm contains only 

Hondo and ffayasfri (Mem. Coff. Agnc. Kyoto 
Imp. Umv. 1926, No 2, 37, 65) used 0 05N-N aO H 
to dissolve the glutelm and 0 05 A' acetic acid to 
flocculate it, maximum flocculation occurring 
near absolute neutrality. They record the re- 
distribution for the anhydrous protein bo pre- 
pared. Hondo el el. (ibid 71) studied the 
influence of sodium acetate, sodium chlorals* 
potassium chloride, and lithium chloride on 
solutions of rice glutelm. These salts cany 
the optimum part of flocculation to the acidic 
side, and the apparent iso-electric reaction 
of the protein is variable according to the 
salt used and its concentration (Hondo and 
llayashi, ibid. 83). In contradistinction to the 
theory propounded by Robertson and by Wing- 
ton, the authors conclude, from their results, 
that refractive indices of solutions of sodium 
nee glutclmate or sodium caseinate are not 
linearly related to their concentrations. The 
authors, moreover, maintain that-the determina- 
tion of the nitrogen -equivalent refractmty of 
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the protein indicates the degree of dissociation 
of the protein salt, and conclude that to an 
ampholyte such as protein belong different 
nitrogen-equivalent-refractivities, according as 
the protein behaves as a kation or an 
anion. 

Tadokoro (J. Coll. Agric. Sapporo, 1925, 14, 
129) concluded that glutinous rice contains 
niore oryzenin than common rice. The oryzenin 
{a) prepared from common rice differs from that 
(6) prepared from glutinous rice, in iso-electric 
point, nitrogen, sulphur, and phosphorus content 
and in its physical constants. On the determina- 
tion of the amino-acids it was observed that 
in (a) there was a predominance of am- 
moniacal, arginine and lysine nitrogen, while 
in (b) there was an excess of monoamino, 
histidine and cystine nitrogen. The content of 
tyrosine and tryptophane is the same in both 
forms. 

• Tadokoro el al. (J. Coll. Agric. Sapporo, 
1926, 16, 73) divided 16 samples of common 
Japanese rices into two groups: (a) those 
employed for fermentation to sake and (6) those 
not so employed. The oryzenin prepared from 
theso differed in physico-chemical properties. 
The ash content of (a) is always 79-95% of (6), 
sulphur and phosphorus of (b) are more than (a). 
The sp. rot. power of (a) is considerably lower 
than (b). The iso-electric point of (a) is more 
acidic than that of (6). The silver salts and the 
N-distribution are different. Takahashi cl al. 
(J. Coll. Agric. Tokyo, 1913, 5, 134) separated 
proteins from rice prepared for brewing purposes 
using Osborne’s method (Amer. J. Physiol. 
1908, 20, No. 1 and No. 4). Four kinds of 
protein were obtained: albumin, soluble in 
water; globulin, soluble in 10% NaCl ; 
prolamine, soluble in 80% alcohol ; and glute- 
lin (Rosenheim’s oryzenin), soluble in dilute 
alkali. 

The three kinds of proteins, albumin, globulin, 
and oryzenin, are utilised by sake yeast and 
Aspergillus Oryzae ; prolamine is not. 


Distribution op Nitrogen in Rice Glutelin 
by Van Slyke’s Method. 


Grams per 100 g. of Protein. 



Jones 

Osborne 

Kondo 


and Csonka. 

cl al. 1 

and Hnyashl. 1 

Arginine . 

. 11-13 

9-15 

8-40 

HiBtidine . 

. 2-39 

3-32 

3-65 

Lysine 

. 4-73 

4-26 

6-48 

Cystine . 

. 2-35 

1-26 

8;95 


i 

3 


J. Biol. Chem. 1915, 22, 259. 

Mem. Coll. Agric. Kyoto, 1920, 2, 37. 


Prolamines (gliadins) aro present only in small 
quantities in the inner endosperm of rice. 
Suzuki, etc. (J. Chcm. Soc. Tokyo, 1908, 29, 3) 
found only 0-11% of nitrogen soluble in 60% 
alcohol, but 1-16% in bran. 

Hoffman (J. Biol. Chcm. 1925, 66, 501), by 
extraction with hot .70% alcohol obtained 
from polished rice 0-12% of a protein ; C 55-92, 
H 6-49, N 16-22, and S 1-14%, 

Globulins and Albumins . — Rosenheim and 
Kajiurn (l.c.) found 0-14% of a globulin. 
Suzuki, etc. (l.c.) found in white rice 0-17% 
N soluble in 10% salt solution and 1*37% in 


bran. By extraction of rice endosperm with 
salt solution (5%), Jones and Gersdorff (J. Biol. 
Chem. 1927, 74, 415) obtained 0-09% of a 
globulin coagulating at 74° and 0-07% of a second 
globulin coagulating at 90°. Rice bran gave 
2-88% of globulin and 0-13% of albumin. 
Kondo and Ito (Mem. Coll. Agric. Kyoto Imp. 
Univ. 1931, No. 11, 31) demonstrated the 
presence of two globulins in polished rice, 
one crystallisable from saline solution and the 
other non-crystalline. They found that the 
latter contained more cystine, histidine, and 
arginine than the former. Jones, in collabora- 
tion with Gersdorff and Csonka (l.c. 422), 
recorded the following composition of the two 


globulins. 

Globulin 
coagulable 
at 74° C. 

% 

Globulin 
coagulable 
at 90° C. 
% 

Cystine . 

2-25 

2-89 

Arginine 

7-85 

15-18 

Histidine 

2-42 

3-01 

Lysine 

7-14 

3-63 

Tryptophane 

2-69 

2-32 

Tyrosine 

5-60 

7-53 


Amino-Acids of Rice Proteins . — Jodidi (J. 
Agric. Res. 1927, 34, 309) found that the total 
nitrogen in oven-dried rice varied from 1-7- 
1-24%. Polypeptides and free amino-acids 
occur in brown rice, amino-nitrogen amounts to 
0-75-1-02% of the total N. Corresponding 
figures for acid amide N are 0-14-0-23%, 
and for polypeptide N, 0-85-1-15% (Miki, Arb. 
mid. Univ. Okayama, 1933, 3, 499). The pro- 
tein from rice embryo yielded on hydrolysis 
arginine and traces of histidine, hut no 
lysine. 

According to Suzuki, el al. (J. Coll. Agric. 
Tokyo, 1909, 1, 77), the dry matter of brown 
rice contained 1-2% N of which 1-165% existed 
as true proteins. The glutelin obtained by 
Ritthausen’s method yielded on hydrolysis: 
alanine 3-7, leucine 14-3, aspartic acid 0-4, 
glutamic acid 14-5, tyrosine 0-5, proline 3-3 
phenylalanine 2-0, lysine 0-86, histidine 0-81 
arginine 1-6, and ammonia 2-33%. 

Maranon and Cosmo (Philippine J. Sei. 1935, 
57, 289) recorded the nitrogen distribution in 
bran containing N = 14-15% protein. Non-basic 
N accounts for 70-9%, and basic N for 16-4% 
of the total. 

Oil of Rice. — The oil of rice is concentrated 
chiefly in the bran from the conical mill and 
in the polish from the polishers. 

Winton (op. cit. 1, 147) tabulates the constants 
of rice oil obtained by various workers (see table 
on next page). 

Phyiosterol . — Tsujimoto (l.c.) obtained a phyto- 
sterol melting at 136°-137°C. from the un- 
saponifiable matter. Weinhagen (l.c.) obtained 
a saturated hydrocarbon, C 2 ,H 4S , m.p. 80°, from 
the phytosterol by fractional crystallisation 
from alcohol. 

Nabenhauer and Anderson (J. Araer. Chem. 
Soc. 1926, 48, 2972) obtained 10% of- oil con- 
sisting largely of free fatty acids. The un- 
saponifiable matter (5%) containing a phyto- 
sterol, myricyl alcohol, dihydrositosterol, and 




• Mean molecular weight of In'olulile ocnls 280 3 ; me(tmg point 3G’ 

t 'Iran molecular weight of Insoluble arlds 250 4 , melting point „8 5 , saponification numl>cr 216 3 


stigmastcrol. No substance resembling Wein- 
hagen'a saturated hydrocarbon was identified 
According to Antomam (Atti R Accad Lincei, 
1932, [vij. 16, 510) the phytosterols of Naben 
hauer and Anderson (2 c ) are mixtures of a 
sterol, C tI H ($ 0 (m p 143' 1 ), with its dihydro 
dent alt ve. 

Tanaka (J Biochem Japan, 1933, 17. 483) 
examined the sterols of the rice embryo which on 
fractionation > leldcd my ncyl alcohol (C}nH 6l O) 
m.p 86°-87°, and dihydro-silosterol Tanaka 
(itu J 18, 1) also obtained evidence of the 
presence of ergosterol Kimm and Nogtirhi 
(Sci Papers Inst Phys Chem. Res Tokyo, 
1033, 21, 1) obtained phytosterolin from the 
ether extract of rice embryo Ibo solid acids, 
were mvnstic, belicmc, palmitic, and cerotic 1 
acids. The bromination nf the unsaturated 
acids yielded linolcic acid tetrabromide The 
unsapomfiablc matter (ontaincd 0 5% of ergo 
sterol, also melissyl alcohol and dihydrosito- 
sterol. 

Wax in Rice. — T ange (Sci Papers Inst. 
Phys. Chem Res. Tokyo, 1930, 14, 273) obtained 
0 03% of wax from rice polishings by extraction 
with boiling alcohol. After washing with ether 
to remove lat, the wax nos dissolved in benzene 
and rcpreeipitated by the addition of methyl 
alcohol. The wax had a m.p of 815 <, -82 3° 
and was identified by saponification as melissyl 
ce rotate. 

Carbohydrates and Enzvmes. — Frap’s(f c.) 
investigations showed that most of the di* 
sacchandts were contentrated in the bran, 
leas ing very little in the milled rice 

HcUucIdb Dlsacch* 
sugar, rides Pentosans 

Drown rice . 0 12 0 79 2 12 

Fancy head rice . 0 14 U 17 1 73 

Stone bran . . 0 78 1*13 13 87 

Cone bran or meal I 53 215 5 81 j 

Polish ... 1 27 226 3 47 | 

Hulls or husks . 024 0 43 1814 


Maraiion and Cosine (l c ) record the carbo 
hydrate distribution in bran containing 44 5% 
carbohydrate 46 76% carbohydrate occurs as 
starch, 0 87% as reducing sugars, and 11 G6% 
as non reducing sugars 

Starch . — In common rice amylopectin » 
I more abundant than amylose, while in glutinous 
rice the reverse is the case (Tadolcoro, J. Coll 
Ague. Sapporo, 1923, 13, 1 , 1926, 16, 91), tf. 
| Tanaka, Ind Eng. Chem 1912, 4, 578). 

Marth (Mem. Dept. Agne. India, Chem 
I Series, 1914, III, 135), doing experiments on the 
fractional liquefaction of rice starch at various 
temperatures, found that the starch from 
glutinous rice liquefies at a lower temperature 
than the starch of the non glutinous rices. 

Komuro did sonic experiments on the sncchari 
. fication of flaked rice with acids (J. Soc. Chem 
Ind Japan, 1931, 34, 16G) , the hydrolysis 
is slower than that of potato 6(arch due partly 
to the different properties of the starch granule 
and partly to the presence of the amphoteric 
protein oryzenm winch is deposited from the 
hot filtrate of hydrolysed rice on standing. 
Too (Bull Chem Soc. Japan, 1930, 5, 209) 
showed that the chemical change undergone by 
ncc during cooking is mainly hydrolysis to 
water soluble reducing sugars and poly- 
saccharides These chemical changes resemble 
those taking place on the germination of nee 
aeeds, except that tho velocity of conversion 
of atarch into soluble sugars is greater in the 
former, and the change of starch into CO, and 
H,0 takes place only in the latter. Sahasrs- 
buddlie and Kibo (Indian J. Agnc. Sci. 1933, V, 
12) made a biochemical study of the starches 
from old and new grams of different varieties of 
nee to ascertain whether tho nee starch under- 
goes nnv disintegration during storage. There 
was a diffucnie of two years between the old 
and the new. As nce3 grow old they become 
more susceptible to the action of hydrolysis- 
Thus old rices are easier to digest than new nee* 
Thc-e differences arc attributed to the presence 
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of an amylo-hydrolytic enzyme in the resting 
grain, which remains active and attacks the 
starch. 

Saknrada, etc. (Bull. Inst. Phys. Chem. Res. 
Japan, 1935, 14, 361), studied with the aid of 
X-ray and enzymic observations the change of 
/3-starch -> a-starch under varying conditions 
of temperature, dilution, and time. Matsumoto 
and Rise (Bull. Res. Inst. Fermentation, 1929, 
No. 102, 03) found that when rice malt is 
saccharified at 55° the buffer action of the 
solution first increases and then decreases, 
apparently due to the presence of lactic 
acid bacteria, but the p R remains constant. 
The titratablc acidity normally increases during 
saccharification. When soluble starch -or rice 
paste is saccharified by diastase or malt 
extract the buffer capacity remains constant. 

Jaschke (U.S.P. 1681118) describes a method 
for the extraction of starch from rice. The dry 
rice is ground to a degree of fineness sufficient 
to liberate the starch granules. The powder is 
then macerated for 12 hours in 0-26-0-3% 
NaOH, causing the gluten and fibre to swell 
and rise to the surface, leaving a thick 
suspension from which the starch is recovered 
by centrifuging and settling. 

Warth and Darabsett (Pusa Bull. 1914, 
No. 38) found that dilute alkali rapidly dis- 
integrated polished rice, whereas unpolished rice 
was not affected. They suggested that this 
action of alkali might be used as a basis for 
testing the quality of starch in rices. 

Sleinbargcr (Cereal Chem. 1932, 9, 317) 
tested the cooking quality of eight varieties of 
domestic rice by a standardised method and 
suggested that the diversity of cooking times 
made the mixing of varieties undesirable. 
Sugimoto, el al. (Imp. Jap. Inst. Nutrition; 
Bull. Soc. Hyg. aliment, 1927, 15, 481, 524) 
also record the effect of cooking methods. 

Amylase . — -Venkata Giri and vSreenivasan 
(J. Indian Inst. Sci., 1934, 17a, 127; Science, 
1935, 81, 343) have done valuable work on 
the amylases of rice, etc., and have devised a 
simple qualitative method for their differentia- 
tion. The method consists in adding a small 
drop of enzyme solution to a thin layer of 
agar gel impregnated with starch in a petri dish 
and allowing it to diffuse for 28 to 48 hours at the 
laboratory temperature. At the end of the 
period a dilute solution (NJ 200) of iodine is 
poured on the plate, and allowed to remain 
there for about 2-3 minutes, until the colours 
of all the diffusion zones come out clearly. A 
deej) blue background with a round diffusion 
field at the centre is formed. The central 
diffusion field is coloured violet in the case of 1 6- 
amylase and colourless in the caso of a-amylasc. 
Amylases which contain mixtures of both the 
components produce a central colouring diffusion 
field with a violet or green and violet zones 
surrounding it, depending on the nature of the 
amylase and starch used. They show that the 
resting rice grain contains two amylases with 
different p R optima. One, of optimum p B 
4-6, behaves like a pure jS-amylase, and another, 
of optimum 7-0, behaves like a pure a-amylasc 
in the hydrolysis of amyloamylose. These two 
enzymes can be obtained in an active state 


by extraction with phosphate buffer (Mj 15) 
at p n 7-0. The work of Venkata Giri and 
Sreenivasan does not agree with the view put 
forward by Ohlson and co-workers that the 
amylase arises only during the germination of the 
seed (Nordh and Ohlsson, Z. Physiologisehemie, 
1931-32, 204, 89 ; Ohlsson and Uddenberg, ibid. 
1933, 221, 165 ; Ohlsson and Edfeldt, ibid. 1933,- 
221, 174 ; Waldskimdt-Leitz, Reichel, and Purr, 
Naturwiss. 1932, 20, 254; Myrback and Myr- 
brack, Biochem. Z. 1933, 258, 158 ; Samec and 
Waldsehmidt-Leitz, Z. Physiol. Chem. 1931, 
203, 16). 

Karmakar and Patwardhan (J. Indian Inst. 
Sci. 1931, 14A, 4) obtained rice-malt amylase 
by extracting the sun-dried malt powder, 
obtained after paddy had been steeped for 4 
days at 24°-25° and allowed to germinate, with 
0-6% aq. NaHCOj, and precipitating with 
alcohol. They found it to be less than a 
quarter as active as wheat amylase. It loses its 
activity after 15 days’ continuous dialysis. The 
optimum temperature is 60°. 

Amylosynlhease . — Minagawa (Bull. Agric. 
Chem. Soe. Japan, 1935, 11, 62) obtained from 
rice an amylosynthease which differs from that 
obtained from yeasts. It can be precipitated 
by ethyl alcohol or acetone from aqueous 
solution as a highly active powder. A similar 
enzyme has been detected in corn, millet and 
potato. The amylosynthease is inactivated by 
acids, alkalis, HgCI 2> and heat, it is not re- 
activated by neutralisation, H 2 S, or cooling. 
When it is precipitated by CdCI 2 and treated 
with ( N H 4 ) 2 S0 4 its enzymic activity is restored. 
Glutinous rice gives an amylosynthease with 
optimum p H of 6-7-6-S. The preparation of this 
is described by Minagawa (ibid. 1933, 9, 547, 
549). 

Catalase . — Winton (op. cit. 151) states that 
Sampietro (Giorn. risicoltura, 1923, 13, 133) 
obtained results indicating that there is a rela- 
tion between the germinative capacity and the 
catalase content. Borasio (ibid. 1924, 14, 143) 
was unable to find any such relation although he 
states that other enzymes may influence 
germination. Higoehi (Imp. Jap. Inst. Nutri- 
tion, Bull. Soc. hyg. aliment. 1927, 15, 481, 
524) determined catalase as follows : 100 grains 
were ground and suspended in 100 c.c. water. 
The mixture was filtered, 25 c.c. were kept for 
one hour at 25° after admixture with 10 c.c. 
neutral H 2 0 2 (0 05%) and the excess was 
titrated with permanganate after addition of 
sulphuric acid. He described the variations of 
catalase, peroxidase, and oxidase with the 
quality and origin of the rice. 

Protease . — Giesen (Inaug. Dis. Bem, 1909) 
found 0-70% calculated as trypsin. 

Lipase . — Browne ( l.c .) first showed that the 
rapid deterioration of rice oil was due to this 
enzyme. 

Oxidase and Peroxidase . — Noguchi (J, Sci. Agr. 
Soe. Japan, 1923, 245, 115) carried out experi- 
ments on the effects of storage on the enzymes. 
Oxidase did not change, but peroxidase decreased 
abruptly after one year. Hondo and Okatnura 
(Ber. Ohara Inst, landw. Forsch. 1931, 5, 57) 
experimenting with the green-coloured rice 

Aomai,” and the action of various coloured 
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lights on the chlorophyll content, found that , 
there was also a reduction in the activity of the 
catalase and peroxidase present. 

Yamagishi (J. Agnc. Chem. Soc. Japan, 1934, 
10, 496, 502) sajs that the “starch liquefying 
enzymes " of padi and brown nee showed opti- 
mum actiwty at p# 4 1-4 3 and 36°— 42®C. 
They were absent from polished nee. He 
found that an aqueous extract of a mixture of 
polished rice and papain liquefies starch and 
suggested that zymogen may occur in polished 

n Bishop and Teik (Malay. Agne. J. 1928, 16, 14) 
give an account of the process used by the 
Chinese m Malaya for the manufacture of 
“ Samsu " from nee The process depends on ; 
the utilisation of a mould (Amylomycta Iloitni' 
containing a ferment which converts moist 
starch into alcohol. The mould is added in the 
form of “ nee cake ” consisting of nee starch, 
Boya bean*, clay, vegetable tissue, and variable 
amounts of mu cots and yeasts. The nee is 
boiled, allowed to cool, and the nee cake roughly 
mixed into it in the proportion of 3 parts of nee 
to 1 part of rice cake. The mixture is placed in 
earthenw are jars with water and left for 27 days. 
Distillation is earned out m a primitive appara- 
tus. A yield approx. 64% theoretical is 
obtained. " Moti ” is a form of nee cake made 
by steaming and pounding glutinous nee. 
Maeda and Syfizi (Sci. Papers Inst Phys. Chem 
Res. Tokyo, 1931, 10, 261) investigated tho 
conditions under which this material hardens to 
a stone-like mass. They contend that it is 
due to the evaporation of water from the surface 
and the binding of free water in the interior of 
the mass by starch granules. The hardening of 
“ moti " is analogous to the setting of cement. 
Both dunng cooling and heating, “ moti ” 
shows a transition point at C3 5°C. This may be 
connected with the water of crystallisation (c/. 
St. V. Niray Szab6, Z. physikaL Chem. A. 
1930, 151, 420). 

Minor Elements is Rice. — Aluminium . — 
1-4 mg. per kg dry matter (Bertrand and 
lAvy, Compt. rend 1931,192,525). 

Copper. — Dry, hulled nee, 6 4 mg. per kg. 
(Cutotbault, Compt. rend. 1920, 171, 196); 
nco polish (dry), 8 0 mg. per kg. (McHargue, 
J. Amer. Soc. Agron. 1925, 17, 3G8); nco (1) 
(air-dried), 1-32 mg per kg., nee (2) (air-dned), 
1-66 mg per kg. (Quartaroli, Ann. Chun, 
appl. 1928, 18, 47). 

Iron. — Sherman (U.S. Dept. Agnc. Off. Exp. 
Sta. 1907, Bull 185,51): 

(mg per kg 
dry matter) 

Polished nee . 6 

Rice — Japanese . . 9 

Rice — meal .... 19 

Win ton (op, ci t. 152, 153), quotes the fol- 
lowing figures : 


Polished rice .... 
Rice polish .... 
Unshelled Japanese nee 
Poluhcd rice . 

Rice bran . . 


7 6 (McHargue) 
14-7 (Birckner 1 ) 


Polished rice . 
Rice polish 


. 112 (McHargue l ) 


Rice bran . . . 33 3 (Bertrand and 

Bcnzon ’) 

Arsenic : a« (mg per kg 

dry matter ) 

Rice kernel .... 0 07 (Jadin and 

Astruc ’) 

1 J Biol Chem 1918,38,11)1 
* Bull Soc hyg aliment 1928, 10, 427. 

/ * Comp rend. 1912, 155, 201. 

' Utilisation or Paddy Hcsk or Hulls— 
Ip Siam, and. to, a smaller extent in Italy, the 
power to run the mills is obtained by burning 
the hulls in furnaces. The insoluble portion of 
the ash of paddy huBks is largely silica, and 
Mongeot (Giom. Chem. Ind. Appl. 1930, 12. 
74) suggests that this silicious ash could be used 
in the glass industry m Italy, the annual pro- 
duction being 16,900 tons. 

Dry distillation of the husks gives a carbon of 
low density, acetic acid, propionic acid, furfur 
aldehyde, phenols and cresols The husks are 
nch m cellulose and might be used as a source of 
industrial alcohol According to Harding (Ind 
Eng. Chem. 1928, 20, 310), a pure edible cellulose 
may be prepared from the hulls of nee and other 
cereals by boiling with strong soda and sub 
sequent hydration treatment to reduce the 
cellulose to the proper physical condition, for 
raising the roughage content of breakfast foods 

A typical cellulose consists of a -cellulose, 72%. 
hydrated cellulose 25%, ash 0 8%, with copper 
number 8 7. 

Sauerbrey Maschinenfabr. A -Q. (G.P. 456891) 
describes an apparatus for distilling rice husks. 

Rankin has patented a method for oxidising 
the carbon compounds to oxalic acid (U.S.P. 
1520885). Finely divided rice hulls are fed in’ 
at the top of a cylindrical vessel containing 
Strong nitric acid. The nee hulls are rapidly 
oxidised, with formation of oxalic acid. 

The husks may also be used for making paper 
Dickie and the British Burmah Petroleum 
Co , Ltd , have patented a process for tbs 
manufacture of .waterproof board, utilising the 
fibre from paddy husks (E.P. 239970). 

Morgenier (U.S.P. 1570389) suggests boiling 
the nee hulls for 2 hours with NaOH at 10°Be 
(d. 1 07), removing the liquor and beating the 
residue to a pulp. Puttaert (U S P. 1588335) 
prepares a pulp, using a more dilute solution 
of NaOH and boils for 6-8 hours at a pressure 
of 20-80 lb. per eq in. Utaka (Rep. Osaka Ind. 
Res Lab. 1923, 5, [16], 1). by hydrolysis with 
steam under a pressure of 100 lb. to the square 
inch, obtained a yield of 9-10% furfuraldehyd# 
using HCI as a catalyst. Other products were 
0 03% acetaldehyde. 0 07%, “ volatile org»iuo 
acid," 2% sugar, and a trace of methyl alcohol. 

Rice Straw. — Rice straw has little value »« * 
fodder. Analyses of straw (1) from a good 
harvest, (2) from a poor harvest, were made by 
Takecxuhi (Bull Coll. Agr. Tokyo, 1908, 7, 
619) : 
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Rice Straw from India. 

Analysed at Rothamsted Experimental Station 
ia Fermentation Laboratory. 

Percentage on Dry Matter. 
No. Type of Soil. Pentosans. Ash. Nitrogen. 


1 . 

Marshy 

26-54 

17*2 

0-41 

o_ 

Salty clay 

22-4 

— 

— 

5 ! 

Har’d clay 

25-2 

— 

— 

4. 

Medium clay 

20-9 

— 

— • 


Rice Straw (India). 

C. N. Acharya (Biochem. J. 1935, 29, 1459). 

Constituents. % 

Cellulose (deducting xylan contained) 32-82 
Xylan associated with cellulose . .11-73 

Xylan not associated with cellulose . 9-31 

Lignin (direct) 10-67 

Protein 2-88 

Ash . ' 17-50 

Alcohol-benzene extractive . . . 3-05 

Moisture 8-40 

Total . . . 96-36 


Composition of Rice Straw. 

R. D. Rege (“ Annals of Applied Biology,” 1927, 
XIV, 1). 

e- 


Dry matter . 

. 100 

Organic matter 

. 82-67 

Ash . . . 

. 17-33 

Cellulose . 

. 45-46 

Starch 

. 0-7 

Dextrose . 

. 0-65 

Invert sugar . 

. 0-6 

Pentosans 

. 24-0 

Lignin 

. 10-06 

Total nitrogen 

. 0-41 


According to Iwata (J. Dept. Agric. Kyushu, 
1920, 1, 217) the digestibility of rice straw may- 
be increased by treating with solutions of 
NaOH (0-75-1-5%) or boiling with milk of lime 
(CaO 1%) for 3 hours. The quantity of 
lignin is reduced and the starch value of the 
dry matter may be increased from 20% to 
53-58%. 

Taketomi (J. Soc. Chem. Ind. Japan, 1926, 29, 
43) obtained sugar and alcohol from rice straw. 
Tho straw was heated with 1% H 2 S0 4 at about 
134° for 30 minutes in an autoclave. Neutralised 
with CaC0 3 , the liquid concentrated and fer- 
mented with yeast (race XII). The yield of 
BUgar was about 15% and of alcohol about 5-4% 
of tho dry- matter used. 

Patwardhan (J. Indian Chem. Soc. 1930, 7, 531) 
found that the yields of reducing sugar obtained 
by hydrolysis of Bangalore rice straw are 
proportionately- increased by increase of the 
concentration of tho sulphuric acid used from 
2% np to at least 6%, these results being at 
variance with those of Thaysen for Burma 
rice straw. (“Fuel for Motor Transport," 
H.M. Stationery Office, 1927.) B. acetoethylicus 
may be trained to ferment pentoses (such ns 
are obtained by processes similar to the above) 
at concentrations up to 7%, but yields of alcohol 
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and acetone, which are somewhat variable (c/. 
Thay-sen and Galloway, Ann. Appl. Biol. 1928, 
15, 392), generally decrease' continually as the 
concentrations of sugar are increased above 3%. 
Change of nutrient mixture from ammonium 
phosphate and peptone to combinations of 
ammonium nitrate, disodium hydrogen phos- 
phate, and yeast water does not materially affect 
the yields.’ The presence of small quantities of 
hexoses, e.g. dextrose, facilitates the growth of 
the bacterium and fermentation of the pentoses. 

Straw as a Raw Material for Making 
Paper. — Reyes and Cruz (Philippine J; Sci. 1929, 
38, 367) recommended the use of rice straw as 
raw material for the manufacture of paper and 
compare it favourably with the weed cogon 
grass. Rice straw requires only about 8% oi 
soda, whereas cogon needs 20% to produce a 
bleachable pulp, and gives a higher yield. For 
cardboard, cogon requires digestion with 4% 
soda, and gives a yield of 51-5% of pulp, whilst 
rice straw requires only 2% of caustic soda and 
gives a yield of 55-4%. 

Kumagawa and Shimomura (Z. angew. Chem. 
1923, 36, 414) compared rice straw with bagasse 
for the manufacture of paper pulp. In spite 
of a much higher ash and silica content, rice 
straw was more easily decomposed than ba- 
gasse, but the yields were smaller. The high 
ash content of the resulting fibre did not affect 
adversely the quality of the papeiw' 

Storage of Rice. — Jack and ^agoe (Malay. 
Agric. J. 1930, 18, 447) say that under rat- 
proof and well ventilated conditions rice may bo 
stored in good condition for two years, but 
should be winnowed before use. It can also be 
stored in airtight containers for at least 2 
years if fumigated with CS 2 (5 c.c. to 18 litres 
of rice). This fumigant imparts a yellow 
tinge to the uncooked rice, but does not affect 
its edibility. The vitamin B content of rice 
does not deteriorate on storing. 

Kondo (Ber. Ohara Inst, landw. Forgch, 
1926, 3, 153) studied the variations in temperfl-- 
ture of stored, hulled rice in relation to the sir 
temperature and the changes in water content 
and other properties of the rice during storage. 

Kondo and Okamura (ibid. 1929, 4, 1) give 
data to show the superiority of storing rice in 
airtight vessels, or in C0 2 , over the normal 
method used by the Japanese farmer of storage 
in straw bags. The same authors (ibid. 1929, 4, 
127, 147, 163 ; 1932, 5, 375) conclude that the 
grains of unhulled rice are as hygroscopic as 
hulled (brown) rice, although the husk itself is 
less hygroscopic than either. 

Storage of rice in the presence of CaCl 3 
minimises the loss of germinative capacity with 
age (Kondo and Okamura, ibid. 1931,5,221; 
1935, 7, 99). There was no specific relationship 
observed between loss of germinating power 
and destruction of the catalase. Kondo and 
Okamura (ibid. 1932, 5, 395, 407, 413 ; 1934, 6, 
149, 175) continuing their studies on storage 
conditions found that the germinative power, 
vol.-wt. per 1,000 grains, H„0 a bsorbing power, 
and swelling capacity of stored grain decrease 
with time. Provided insect attack is avoided, 
changes in chemical composition were small in 
[ a period of 2-5 yenrs. The relative vitamin B 
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contents during tlie first 4 years of storage were 
100, 92, 82, 00 . and 23 respectively. The safe 
limit of storage of hutted nee in straw bags is 

2 } ears. Conditions causing loss of germinat- 
ing power in stored ncc (e g. high temperature 
and moisture) also favour lo-is of \itamm B 
Airtight storage minimises losses. Prolonged 
storage of sun dn«l ncc (21-13% H t O) did not 
greatly affect its phjstcvl condition or chemical 
composition. Little or no peroxidase activity 
was retained, but the catalase activity and 
vitamin B contents were relatively high. 

Kondo and Okamura concluded that rice 
may be Bafely Btored in seated containers, or in 
COj for several years, if the H s O content is 
10-12%. With >14% HjO deterioration in- 
creases rapidly with ruing water content 
Catalase activity of hulled rice decreases after 

3 5 years in storage, or earlier if with >13% 
H,0. Glucose and dextrin contents decreased 
rapidly. No change in vitamin B activity 
occurred during storage for 5 years with 
10-12% H,0. In unhulled rue, Btored for 
46-84 years in granaries (14-14 9% HjO), 
there was a decrease in fat and, in some cases, 
in sugar content, but no change in protein, 
starch or ash. The activity of peroxidases 
catalase and urease disappeared, that of diastase 
and reductase declined considerably, but hpaso 
was not affected. Colour and flavour deterior- 
ated (Kondo and OLamura, Proc Imp Acad 
Tokyo, 1934, 10, 528) Storage in airtight 
containers of nee having 13% of H z O involved 
minimum changes in swelling capacity, flavour, 
and gennmative capacity In the range 
10-16% HjO changes in carbohydrate, protein, 
and ash contents were insignificant Tat, 
crude fibre, and p„ declined m gram stored with 
>14% H.O. Catalase activity decreased with 
rising H,0 content Vitamin B remained con- 
stant with 10-12%. but decreased with >14% 
HjO. Storage m CO, had no beneficial effect 
(Kondo and Oknmura, Bcr Ohara Inst kindw 
Forech, 1034, 6, 331) 

Rice with an initial H,0 content of 14 2% 
lost 1 5% during storage with CaCI 2 , retained 
good quality and a gcrminative capacity of 
93-99%; with 16 9% initial H t O content, 
quality was leas good and the gernunativo 
capacity fell to 3S-54%. In both cases the 
lower parts of the containers were less effectively 
desiccated and the ncc « as inferior. 

Vitamin B. — The study of " beriberi," a 
disease characterised by sev ere nervous disorder, 
occumng principally among the populations 
of the East, ami avian polyneuritis, the physio- 
logical equivalent of human “ benben," 
proved that they were caused by a diet restricted 
to highly milled or polished nee. “ Benben *’ 
and polyneuritis can both be cured by a diet of 
unmilled or home -milled rice, or by restoring to 
the diet tlio valuable constituents (embryo and 

K ricarp) removed in the milling The diseases 
,vc been proved to be due to the removal of 
vitamins from the rire, viz. the vitamin B com- 
plex. The largest quantity of the anti 
neurotic factor is found in the embryo or germ, 
the bran (pericarp and aieurone layer) contains 
less, while the endosperm is entirely deficient 
in this aubstanu. Thus the deficiency of 


polished rice is due more to the remov al of the 
embry o than to the actual “ skinning " of the 
gram. Benben can be cured by an alcoholic 
extract of the bran or rice meal. 

The normal composition of rice polishings 
(darak), from which the anti benben concen- 
trates (tiki tiki extracts) ajo made, is given by 
llcrmano and Anido (Philippine J. Sei. 1933, 59, 
189) as protein 13 81, fat 16 96, carbohydrates 
38-36% 

Suzuki e( al. (Biochem. Z. 1912, 43, 89) 
first isolated the anti neurotic principle from the 
alcoholic extract of rice bran and polishings and 
called it oryiamn., not to be confused with the 
glutelin oryzemn, p 492. Oryzanin u soluble in 
water and ddute alcohol, and js precipitated by 
some of the usual protein reagents (see B x 
Vitamin, Vol I, p. 583) 

Toxic Substances Present in Polished 
Rice — Williams (Biochem. J. 1927, 21, 1319) 
stated that rice bran and meal although 
capable of preventing avian polyneuritis when 
incorporated in a basal diet consisting of polished 
nee, are distinctly harmful to pigeons when fed, 
as the exclusive diet This harmful effect vanes 
with different samples 

Destruction oj Vitamin D —Rosedale, ct al. 
(Biochem J 1928, 22, 1362) found that the 
antinueitic vitamin of an extract of nee polish 
ings is destroyed by fermentation and by 
sterilisation Van Veen's (Geneesk Tijds 
Ned Ind 1934, 74, 672) experiments showed 
that washing and steaming had little effect on 
unpolished rice, at least half of the vitamin B 
remaining intact Quito short washing had a 
great effect on slightly polished rice, whilst a 
single steaming did not cause much change 

Van Wen and Kok3 (Geneesk. Tijds Ned. 
Ind. 1934. 74, 482) state that exposure to SO t . 
up to 3-4 5% cone, for almost 3 hours (the 
Clayton process) caused a loss of vitamin B, 
depending on the moisture and degree of milling 
of the nee, also on the method of packing 
When the rice was packed in small sacks the 
loss of v itamin B 2 in dry paddy was negligible, 
that m lightly nulled “ silver skin ” rice was 
over 30%, and that »n half milled rice 60%. 
When silver-skin nee w as packed in large sacks 
the loss of B, was negligible. 

Kondo (Proe Imp Acad. Tokyo, 1929, 5, 
159) proved that nee preserved for 4 years 
in 0O 2 in airtight containers showed no loss 
m germination, food value, and vitamin B 
content when compared with freshly harvested 
ncc, whilst nee kept in straw sacks showed a 
total loss of vitality. 

Phosphorus-Organic Compounds. — Phos- 
phoric acid occurs in organic combinations with 
inosite in the seeds of many plants, including 
ncc, the most important of these compounds a 
known as phy tin. Thompson (J. Agnc. Res 
1915, 3. 425) records the following figures for 
phosphorus . rice bran 2 291%, unpolished 
rice 0 321%, polished rice 0 140%. He deter- 
mined the j>hy tin by extracting J00 g- °f 
the sample with 0 2% HCt and precipitating 
with alcohol; washed with 50% alcohol and 
then with ether and dried at 10>"C Bran 
contained 8 22% phy tin. Non? was obtaimd 
from polished rice. According to Bornadim 
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(Atti R. Accad. Lined, 1911, 21, -S3) 
phosphorus is distributed as follows : 


Form of combination. 

Embryo. 

O' 

Whole grain- 
<» 

Lecithin 

0-04 

0-003 

Lecithide .... 

0-22 

0-018 

Phytin 

5-15 

0-136 

Xuclein 

0-76 

0-502 

Inorganic .... 

0-04 

trace 

Borasio (Giorn. risicolt, 

1929, 19, 

131) found 


2-4% of phosphorus of which phytin accounted 
for 1-7% and lecithin 0-003%, in “ gemma ” or 
rice embryo. Kimura (Bull. Waseda App. 
Chem. Soc. 1933, 19, 14) gives the composition 
of “ oryza-nucleic acid ” from rice embryo : 
N 14-42%, P 0-81%. On hydrolysis he 
obtained pentose, guanine, adenine, and uracil, 
but not cytosine. 

Iwata (Proc. Imp. Acad. Tokyo, 1930, 6, 
212) extracted from polished lice 0-2% of a 
toxic compound, lysolccitliin (C 24 H 50 N P0 7 ), 
by repeated digestion with 94% alcohol. The 
compound is lrevorotatory, -4-52°, softens 
at 100°, and decomposes at 262°-264°. On 
hydrolysis it yields palmitic acid, choline, and 
glycerophosphoric acid. 

Belfanti (Arch. Ital. Biol. 1931, 85, 190; 
Chem. Zentr. 1931, II, 2029) calls attention to 
the lack of phosphatase in polished rice which 
would decompose toxic lysolecithins. This is 
important in connection with the onset of avita- 
minosis. Marotta and C'alo (Annali Chirn. 
Appl. 1932, 22, 763) extract the phosphorus- 
organic compounds with 0-25% HCI, followed 
by neutralisation with NaOH. 

Rice Products as Feeding Stuff. — 
Warrington’s (“ Chemistry of the Farm,” 1919, 
p. 130) classic figures for the composition of rice 
meal are : 

Sol. 

Albumin- carbo- 

IVatcr. olds. Amides. Fat. hydrate. Fibre. Ash. 

Of o/ of of " of o< O' 

/O /O /O JO JO Jo JO 

10-3 11-3 1-0 12-0 47-8 8-6 9-0 

Digestibility (Warington, l.c. 144) : 

Cattle, Sheep, and Goats. 

Digested for 100 of each constituent supplied : 

Total Kltro- Sol. 

organic genous carbo- 

mattcr. substances. Fat. hydrate. Fibre. 

75 03 85 86 26 

Pcroni (Giorn. Agric. Domeniea, 1932, 42, 
12, 151 ; Bicd. Zentr. 1933, A-3, 434) after, 
feeding experiments with cows and store cattle, 
suggests that rice bran should be oven-dried to 
prevent rnneidity (c/. West and Cruz, Philippine 
J. Sci. 1933, 52, 1) and found that broken rice 
tends to produce firmer fat than bran. Honcamp 
and Pfaff (Landw. Versuchs-Stat. 1924, 102, 
243) describes digestibility trials with sheep fed 
on a basal ration to which various mixtures of 
rice-meal and ground rice-husk were added. 
The digestibility of the mixtures steadily 
decreased ns the proportion of husk increased.' 

Tirol (Agric. J. Fiji, 1933, 6, 41) records 
analytical data for coarse and standard rice 
bran. With pigs the former produces poor and 


the | the latter good growth when fed with a supple- 
ment of salt and lime. 

Martin (Arkansas Agric. Exp. Sta. Bull. 1934, 
303) contends that for the satisfactory fatten- 
ing of pigs on mixed rations containing rice, 
bran and other by-products, the process 
must be finished by the provision of hard fat- 
producing foods. Smith (ibid. 1934, 304) 

recommends the use of rice products for feeding 
poultry if supplemented with a vitamin A 
concentrate. Hermano (Philippine J. Sci. 1933, 
51, 567), by feeding experiments on young rats, 
concluded that Mancasar rice, although con- 
taining less protein than the three other varieties 
tested, has the highest nutritive value. Nagaska 
(J. Agric. Chem. Soc. Japan, 1933, 9, 1365) 
says that fresh, unpolished rice is more readily 
digested by rats than material heated to 150°C. 
or steamed. Sheets and Semple (U.S. Dept. 
Agric. Misc. Publ. 1931, 132) record the analyses 
of milling products and their uses in various 
livestock rations. 

Some of their findings are : for milch cows 
rice bran is worth, in digestible nutrients, about 
5% more than wheat bran and 75-80% as much 
as ground corn, but rice polish is superior to 
ground com. For fattening cattle brewers’ 
rice and rice polish have practically the same 
feeding value, but in the feeding of hogs the 
quantity must be limited on account of its 
tendency to produce soft pork. For horses and 
mules good results have been obtained with 8 lb. 
of ground rough rice, as has 1-1 J lb. cottonseed 
meal daily per 1,000 live weight. In general 
rice bran and rice polish should be fed with 
barley or com or supplemented by some variety 
of oil cake or a similar food rich in protein. 

Physiological Chemistry of Rice Plant. — 
Davidson and Chambliss (Science, 1932, 75, 
294) analysed five varieties of Chinese rices 
grown on soil continuously cropped for cen- 
turies, and four rices grown under the American 
method of cropping. There were no marked 
differences between the two groups in ash, N, 
P, K, Ca, Mg, and S contents. Professor King, 
in his book “ Farmers of Forty Centuries,” 
contends that the Chinese and Japanese cultiva- 
tors have long been applying quite as much of 
the three main plant foods (N, P, K) as are re- 
moved by the crop. It is true that rice in China 
and Japan is grown under continuous cropping 
but not without restitution of plant food. 

In a private communication, M. R. Rv. K. 
Ramiah reports on the formation of starch in 
the developing rice kernel thus : “ In the 

early stages of grain development the starch is 
present in the ovary wall and pericarp layers and 
gradually infilters into the endosperm region. 

. . . Starch appears in the embryo a little later 
than in the endosperm. As the grain matures 
the starch gradually disappears from the peri- 
carp but remains longer in the embryo region. 
Starch was first noticed in the endosperm 
on the fourth day after anthesis, whereas 
Shinichi Terada (J. Coll. Agric. Sapporo, 1927,- 
19, 245) observed it to have taken place on the 
eighth dnv.” 

Tao (Bull. Chem. Soc. Japan, 1930, 5, 64, 69) 
studied the chemical changes of the starch during 
germination. 
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Loss of weight occurs during germma tioa, element to become a limiting factor in growth. 

the chief decrease occurring in the starch con- hlitra and Phukan (Proc. XV. Ind Sci Cong 
tent, whilst the amount of reducing sugars 1928, 167) reported that maximum root 
and soluble poly saccharides increases, hut not development was associated with a water- 
sufficiently to account for the starch destroyed culture in which 0 5 of the total osmotic con- 
Fat remains constant. Sahasrabuddhe and centration was due to KH s PO,, 0 2 to MgSO., 
Kibe (J. t'mv. Bombay, 1934, 3, 121) studied and 0 3 to Ca(N0 3 ) t , and minimum root 
the seed from the time of sowing until it was development with 0 3, 0 2, and 0-5 respectively, 
depleted of its food constituents. The seed Mitra and Phukan (Agnc. J. India, 1929, 24, 
absorbs water rapidly and retains & high 109) continued their experiments with ri» 
moisture content throughout. Crude fibre and seedlings using water cultures of p H varying 
ash are little utilised, and 90% of the proteins from 3 0 to 8 4. The total length of root pro 
are used up. Tno ether extract increases for duced was again taken as a measure of plant 
some time, due to formation of fatty acids, growth. The maximum growth was obtained at 
The soluble carbohydrates are first converted p H 7-9. At p H 6 0 growth was below normal; 
into glucose and finally utilised by the growing at p B 3-9 the culture solution was strongly toxic, 
parts of the new plant. An amylohydrolytic and at p B 3 3 growth was inhibited. Evidence 
enzyme is present m the germinating rice seed, is presented that toxicity was due directly to 
Dastur and Desai (Ann Bot. 1935, 49, 53) the hydrogen ion concentration and not to the 
investigated the aerobic and anaerobic respira titratable acidity or alkahmty. Dastur and 
tion of ncc seeds. In rice germinating in air Malkani (Indian J. Agnc. Sci. 1933, 3, 157} 
tbe total sugar content at any time is directly found that from solutions of ammonium sails 
correlated with the output of CO, When the rice plant absorbs more NH< ions than 
germination occurs in an atmosphere of nitrogen anions. After 8 days the p a of the solution 
no hexosea occur at any stage, sucrose is present drops From nitrate solutions a similar pheno- 
only in small amounts, but ethyl alcohol is menon is noticed, but in the later stages the 
formed In aerobic and anaerobic respiration NO s ion is absorbed in greater proportion than 
the CO, produced is more than equivalent to tbe cation and so the p u of the solution rises 
the carbohydrates lost. The excess is probably These results arc quoted as an explanation of the 
domed from the oxidation of organic acids work of Kellner (1884) and others who observed 
formed during protein synthesis Tadokoro that the nee plant needed ammonmeal nitrogen 
(J, CoJl Agnc Sapporo, 1927, 20, 333) in the early stages of growth and nitrate 
studied the chemistry of ripening rice grain, nitrogen in the later stages 
During the opening process the non protein Dastur, in collaboration with Kalyani (Indian 
decreases and the protein increases. The com- J. Agnc. Sci 1934, 4, 803), continued his imesti- 
position of the oryzenin changes by a decrease gations on the nitrogen intake of the nee plant 
of mono-amino and an increase of di amino with regard to (a) changes m the p H value of tho 
nitrogen The degree of polymerisation of soil and plants when fertilised with ammonium 
the starch decreases in the middle of the ripening sulphate, sodium nitrate, and a mixture of tbe 
period and then increases later. two salts ; (6) p B of the water culture solutions 

Tadokoro and Abe (J Fac. Agric. Sapporo, before and after rice seedlings, 7 days old, 
1930, 27, 349) found that during npe- had remained in them for a fixed period, and 
rung the ash and phosphorus decreased at p H of the plant juices ; (c) the iso electric point 
first. Tho total nitrogen was unchanged, but of the proteins in the protoplasm of the roots 
the ratio of protein to non protein N increased and leaves. The results show that the iso- 
The water soluble protein decreased, whilst the electric point of the plant-tissue lies between 
NaCI and alcohol soluble groups increased p a 4 1 and 4-4. In the early stages of growth 
Tho amount of dextrose formed by acid hydroly- the p H \ alues of the roots he on the alkaline 
sis was maximal before complcto ripeness side of the iso electric point of their proteins 
At the same period tbe rotatory power of the and therefore the latter lvdl combine more 
acctylated starch was maximal and its acetyl readily with the basic ions than with the acidic 
content minimal. ions. As the ammomacal nitrogen is in form 

Blast Food- Requirements or Rice. — of the basic ion it is absorbed in the earlier 
Rico takes up nitrogen in the form of ammonia, stages of growth while the nitrate ions, being 
amides and nitrates, but Nagoaka, (Bull, acidic, are very little absorbed. The reverse is 
Coll. Agnc. Tokyo, 1904, 6, 283) found that the case during the later stages of growth. Tbe 
upland rice (hill rice) which grows normally p a of the roots is on the acidic side of the wo- 
rn aerated sod needs less ammomacal nitrogen electric point and therefore the proteins of the 
than does swamp rice. Espino (Phil. 31ag. roots absorb acidic ions in preference to basic 
1920, 16, 455), experimenting with water ions. Thus the absorption of nitrate nitrogen 
cultures, show ed that some nitrate w as necessary takes place w hile the absorption of the ammonia* 
to even the youngest rice plants. In the cal nitrogen diminishes. 

absence of nitrates the tips of the leaves always Jacobson (J. Amer. Soc. Agron. 1925,17, 583) 
died. Gericke (Soil Sci. 1930, 29, 207) adversely also studied the changes of p B of water culture 
criticised Espino's work. He stated that the solutions w ith nce. Four solutions of different 
nutrient requirements of rice cannot be deter- salt compositions were employed. Previous 
mined by growth to maturity in complete to the teat the cultures were grown in their 
nutrient solutions. Under these conditions the respect ire solutions, which were renewed retry 
plants absorb more mineral matter than is 3J days, for 100 days. On the hundredth day 
utilised for growth purposes. Iron is the first fresh solutions were supplied to each culture, 
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after which samples of these were taken at 
different intervals for 3 days and analysed for 
total N and tested for p a : 

(1) 80% of total N was gradually removed 
during the 3 days of the experiment. 

(2) The p H changed from 5-0 to 3-0 in one 
3-day period. 

(3) The decrease in p H , although gradual, was 
more marked after photosynthesis had ceased. 

(4) CO. from roots was probably the main 
•cause of this decrease. 

(5) The taking up by the rice plants of cations 
of salts having S0 4 anions, resulting in the 
formation of H 2 S0 4 , was only a partial cause. 

Ishizuka (J. Agric. Chem. Soc. Japan, 
1934, 10, 128) after experimenting with sand 
cultures on the adsorption of N, P, K, concluded 
that K is required throughout growth, and N 
up to the ninth week. P is necessary for the 
first 3 weeks or for the whole period after the 
third week, the former being better. 

Investigating the adsorption of Ca and Mg 
by rice plants in water cultures, Ishizuka 
(ibid. 1933, 9, 1022) found that the CaO/MgO 
ratio was 3 : 1 at first but gradually approached 
1:1. Gile and Carrero (J. Agric. Res. 1915, 5, 
357) analysed the ash of upland rice at different 
stages of growth. They found that the amount 
of potash, phosphoric acid, and sulphur in the 
ash of the whole plant above ground decreased 
with the age of the plant, while silica increased 
and N in the dry matter decreased with age. 
The percentages of iron in the ash of the green 
leaves and straw decreased with the ago of 
the plant, while the iron content of the above 
ground portions of the plant remained constant 
after 20 days' growth. The total ash varied. 


thus : 

Ash — on dry matter — 
Days. whole plant above grouud. 

18 17-75 

48 22-21 

103 14-99 

123 14-90 


Gile and Carrero’s conclusions do not agree 
with the findings of Herrero (Actes du Congrts 


Intemat. de Riziculture Valencia, 1914, 128), 
with regard to potash. Treating the plant’s 
maximum content as 100, Herrero tabulates his 
results as follows : 



Seed- 

bed. 

Growth. 

Flower- 

ing. 

Matur- 

ing. 

Duration . 


52 

22 

22 days 

Nitrogen . 

0-94 

74-90 

85-51 

100 

Phosphoric acid 

1-01 

75-80 

93-10 

100 

Potash . 

0-81 

74-84 

100-00 

48-C0 

Dry weight 

8-20 

70-80 

84-00 

100 


Kelly and Thompson (Hawaii Agric. Exp. 
Sta. 1910, Bull. 21) made a full investigation of 
the composition of the rice plant at various 
stages of growth both with and without the use 
of fertilisers. The following tables show the 
composition of the dry matter of the plants on 
the untreated control plots. 


Composition op Dry Matter. 


Just before 

Formation of the Flower. 



Vegetative 

Total 


Boots. 

OL 

portion. 

plant. 

0/ 

Nitrogen 

,o 

. 1-14 

2-43 

2-17 

Potash . 

1-86 

2-51 

2-38 

Phosphoric acid 

. 1-10 

0-89 

0-93 

Lime 

0-44 

0-19 

0-24 

Magnesia 

. 0-51 

0-24 

0-29 

Carbohydrates . 

. 29-94 

30-36 

30-27 

At Time of Full Flower. 





Total 

Leaves. 

O' 

Boots. Stems. 

O' O 

Panicles. 

°/ n 

plant. 

o- 

/ O 

Nitrogen . 1 -SO 

0-GS 0-63 

.'O 

1-45 

.0 

1-15 

Potash . 1-89 

0-93 1-77 

0-72 

1-49 

Phosphoric 




acid . 0-63 

0-91 0-74 

0-68 

0-71 

Lime . . 0-3G 

0-42 0-12 

0-12 

0-22 

Magnesia 0-20 

0-39 0-21 

0-27 

0-24 

Carbo- 




hydrates 24-00 

35-09 44-08 

33-01 

34-86 


At Maturity. 



Boots 

O 

0 

Stems 

0 

.0 

Leaves 

/O 

Chaff 

O 

Grain 

O' 

/O 

Straw 

/□ 

Total plant 

/O 

N . . . 

Pi 

0-50 

0-80 



0-58 

0-90 

K„0 . . 


2-18 

1-30 

■ 

■ 

■ 

M0 

p : o 5 . . 



0-28 


1 

■ 

0-61 

CaO . . 


0-10 

0-69 

.0-15 

HUH 

■hB 

0-10 

MgO . . 

Carbo- 

0-83 

0-08 

0-21 

0-26 

0-27 

0-13 

0-24 

hydrates 

34-55 

29-61 

1S-53 

1S-02 

79-66 

24-36 

47-32 


Sonic of the Conclusions . — Fertilisation with 
nitrogen either with or without minerals greatlv 
incrcused the growth of the rice at all periods of 
its development. 

The percentage of N wns considerably 
increased by N fertiliser and wns still further 
increased by the application of minerals in 
addition to nitrogen. The percentage of N 


in the mature plant was not materially changed 
by the fertilisers. 

The plants receiving N, P, K contained at 
every period of growth a higher percentage of 
potash. 

The percentage of P„0- at the first period was 
influenced slightly by the fertilisers. In sub- 
sequent growth no difference in the phosphoric 
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acid content was found. The Ca and Mg 
in the total plant were not greatly different 
at the several periods of growth. The Ca at 
maturity is stored in the leaves while the Mg 
migrates to the gram. 

The bydroiysable carhohj drates vary in- 1 
Tersely with the percentage of N absorbed 
Reducing sugars were found at all stages of 
growth and were greatest at the first period 
Sucrose . — First period, traces only, second 
nod, 10 38% in stems. At maturity this had 
en largely converted into starch 
Chlorosis — According to Willis and Carrero 
(J. Agne. Res. 1923, 24, 621) nitrogenous 
fertilisers may cause chlorosis m ncc. The 
basic residues of sodium and calcium nitrates 
may precipitate iron in a form unassimilable 
by plants, whereas the acid residues from 
ammonium sulphate tend to retain iron m a 
soluble form. The inferiority of nitrate fer I 
tihsers compared with ammonium salts for 
rice u ascribed to chlorotic effects rather, 
thin, as prcMously believed, to the toxic effect ' 
of nitrites produced by reduction Metzger and 
Janssen (J. Agnc. Res 1928, 37, 589) say that 1 
rice plants become chlorotic when they suffer 
from a lack of available N, particularly 
ammonia, in the early stages of growth 
Kapp (Arkansas Agne Exp Sta. Bull 1932, 
No. 277) reported that chlorotic plants occurred 
on soils recci\ ing nitrogenous fertilisers but no 
lime. Addition of iron salts did not always effect 
an improvement. He suggests that chlorosis 
is the result of an unsuitable Fe . Mn ratio 
Miyake and Adachi (J. Biochem. lapan, 
1925, 5. 321 ) found that nitrogenous fertilisers 
lowered the hydrogen ion concentration of the 
juice of the rice plant, the effect being greater 
when applied in conjunction w ith P and K. On 
the other hand, P alone increases the hydrogen 
ion concentration, the effect being weakened 
by K or N. In the first period of growth K 
decreases and in the second period increases 
the hydrogen ion concentration of the juice. 

Belial (Corap rend 1928, 186, 781) showed 
that the leaves of the nee plant contain more 
■mw-os? Mur svgs.rs Akz.v Ah? stems . , 

Probably tho only reducing sugars present arc 
the inversion products of sucrose. The amount 
of augars increases towards the autumn 
According to Sonano (Philippine Agne 1934, 23, 
295), leaves of plants fertilised with ammonium 
sulphate contained more chlorophyll and less 
ash than those receiving nitrate of soda. The 
dry matter was equal in both cases. Root 
excretions of grasses and weeds have been 
found to be injurious to other plants. According 
to Copeland (“ Rice,” p. 27), Villegras attributes 
to this cause the poor growth of rice preceded 
by cogon grass (lalang). 

Onodera (Bcr. Ohara Inst landw. Forsch. 
1923, 2. 383) showed that the gases from the 
decomposition of green manures may have a 
harmful effect on the growth. In laboratory 
experiments using "gingc” {Aetraiaga amicus) 
as a green manure, the growth of rice was 
improved by applications of lime, or calcium 
carbonate, or oy treatment of the soil with 
H,O t On the field acale the best results were 
obtained by liming, the application of super- 


phosphate and draining of the water in th* 
middle of the grow ing season to allow the soil 
to era eh a nd aerate . Tziurupaand Bezruchenko 
(X. Caucassian Gram Inst. Coll Sci Papers, 
1933, 1, 89) proved that the failure of second 
y ear planting of nee in Kuban under conditions 
of constant flooding w as due to the utilisation 
of oxygen by sulphur bacteria inhibiting the 
germination and subsequent development of the 
seedlings. 

Effect of Fertilisers ox the Cowposrrrav 
or the Rice Crop — Seven years’ tnals m 
Mandalay, Burma (Charlton, private com- 
munication), testing the effect of various 
fertilisers on the composition of the crop 
showed that farmyard manure and super 
phosphate were by far the most important in 
this direction The percentage increase in 
“mineral” content above that of the control 
plots w as ns follow s 

N P.Oj K,0 

FYW Grain .3 14 14 

„ Straw 8 160 17 

Super. Grain .10 14 8 

„ Straw 6 167 —1 

Am Snip Grain 0 —16 -8 

„ „ Straw- 0 -20 -7 

Sod Nit. Grain 3 -6 -3 

„ „ Straw —5 —11 —1 

Superphosphate was shown to be much 
more active than bone meal Nitrogen manure* 
used alone tended to reduce the P t O t and K,0 
in gram and straw. The effect being more 
pronounced w ith ammonium sulphate than wqth 
sodium nitrate, but this effect was not shown 
when super was given in addition. Potash had 
very little effect on the composition of the 
grain, dung, in fact, being the only manure that 
affected tho potash content to any appreciable 
extent. Apart from an 8% increase in P,0, 
m the gram the effect of lime w as negligible 
Analytical — Only a few methods of special 
interest will be mentioned. 

Sice Flour , and Starch — Wagenaar (Z. Enters 
Lebensm 1927,54,357; 1928, 56, 205) describes 
microscopical' mefdouV (hr (Ae lAAsvsftwr s.vd 
determination of rice flour in other flours and 
m spices. One method depends upon the 
adsorption of an acid dye, fuchsin-S. by the 
protein granules. The peculiar distribution of 
these m the nee grain gives a characteristic 
appearance to the particles of rice flour. This 
method is not applicable to the examination of 
pepper, but a solution of carmine in ammonia 
and glycerin is quite satisfactory. 

Tuffi and Borghetti (Annali Chim Appl. 193 a 
25, 3JI) give the following method for the 
detection of rice starch in wheat flour. A 
mixture of 10 g. of the flour with 300 c c. of 
H.O is left for 5 minutes, the supernatant, 
milky liquid being decanted and left for 5 
minutes ; a third similar settling is earned 
out. A drop of the resulting liquid, spread on a 
microscope slide, is allowed to dry, and the 
residue fixed by treatment for 5 minutes with 
methyl alcohol. The dry residue is stained for o 
minutes with a fresh mixture, in equal volume* 
of 02% methylene blue and 0 1% cosm-A aolu 
tions. After washing with water the rice itarco 



CEREALS. 


503 


grannies appear bluish-green, large -wheat starch 
granules colourless or pale blue, and the smaller 
ones colourless ; masses of violet-stained protein 
are usually seen ; 1% rice starch is detectable. 

Dice in Linseed Cake . — Cecconi and Ferrari 
(Ann. Falsif. 1935, 28, 335) describe a method 
for detecting rice in linseed cake based on the 
high percentage of ash in the crude fibre. 

Determination of Starch in Dice and Other 
Cereal Products .— Hall (J.S.C.I. 1931, 50, 429T) 
suggests that the term starch “ be reserved 
to describe all matter included in and within 
the geometrical envelope of the starch grain 
irrespective of its chemical and physical con- 
stitution.” The malt-diastase methods of 
O’Sullivan (J.C.S. 1884, 45, 1), slightly modified, 
Brown and Millar (Trans, of the Guinness Res. 
Lab. 1903, 1, 79), and Tempus (Naturprodukte, 
1923, 52), when applied to rice give figures which 
are in accordance with the starch determined by 
“difference ’’and withfigures obtained in the com- 
mercial extraction of starch from rice, and there- 
fore satisfy the authors’ definition of starch. 

Dice Husks in Bran . — March ad ier and Goujon 
(Ann. Falsif. 1924, 17, 328) describe a method 
for determining rico husks in wheat bran. 
The method depends on the large proportion 
of silica present in the ash of the rice husk. 
Wheat bran yields an average of 5-5% of ash, 
and when this ash is treated with sulphuric and 
hydrofluoric acids, evaporated, and re-ignited, 
the loss or gain in weight does not exceed 0-2%. 
Rice husk yields 16-3-17-5% of ash, and the 
decrease in weight after treatment with 
H,S0 4 +HF is about 94% (15-1-16-4% cal- 
culated on the husk). 

Raunicr and Pau (Ann. Falsif. 1930, 23, 229) 
state the amount of adulterant is determined by 
calculating the ratio of ash to silica, the figures 
obtained being for bran 7-78, sawdust 2-25, 
rico hulls 1-05. Rice hulls and sawdust give 
different colours from those given by bran and 
sharps when treated with iodine or with methyl- 
p-phenylcne-diamine sulphate or with phloro- 
glueinol and phosphoric acid. To characterise 
the adulterant, parallel colorimetric tests are 
made on the sample and on a mixture made 
according to the results calculated from ash and 
silica content. 

According to Amos (Analyst, 1929, 54, 332), 
rice husks may readily be detected under 
the microscopo after boiling the sample with 
chloral hydrate, for the cells of the outer 
epidermis are arranged in longitudinal rows, 


are square in general outline, and have very 
sinuous side walls, Dagger-like hairs or hair 
scars are also to be seen. A normal bran has a 
fibre content of 7-10%, sharps 4-5-6-5%, but 
rice husks contain about 40% fibre. Honeamp 
and Pfaff (l.c.) estimate the husk in rice meal, 
etc., by heating with dilute HCI. The heavier 
sediment is washed, by decantation, free from dis- . 
solved and suspended matter, dried, and weighed. 

Sand in Bice Flour . — Edilhauser (Chem.-Ztg. 
1930, 54, 44) incinerates 5 g. of the material 
over a micro-bunsen, boils the ash for 10 minutes 
with 10% HCI. The liquid is filtered and the 
filter paper with residue is gently boiled for 
J hour with 100 c.c. of 1-25% KOH. The 
residual sand is washed with very dilute HCI, 
ignited, and weighed. 

Determination of “ Silver Husk .” — The deter- 
mination of “ silver skin ” or “ silver husk ” 
in rice is a measure of the vitamin B content. 
Goudswaard (Pharm. Weekblad, 1933, 70, 770; 
Pharm. Tijds. 1933, 10, 112) enumerates the 
various methods for determining the vitamin B 
content of rice. He suggests a new method of 
double staining the grains, first in a medium 
(diluted 10 times) consisting of equal parts of 
10% aq. K 4 Fe(CN)„ in acetic acid, then in 
FeCI 3 , and finally in a medium of 5% PhOH 
and 1% fuchsin in 10% EtOH similarly diluted. 
The silver skin of the unpolished rice is stained 
red and the kernels with no silver skin (polished 
rico) are coloured deep blue. 

Wild Rice ( Zizania aqualica ). — Winton (l.c. 
p. 155) quotes analyses of the grain from this 
species. “ It is sometimes known as Indian, 
water, or black rice and water oats, grows in the 
wet marshes of streams and lakes both on the 
coast and inland.” Johnson (U.S- Daily Con- 
sular and Trade Rep. 1912, 15, 258) states that 
“ in the province of Ontario, Canada, and 
neighbouring states of the U.S.A. the Indian 
tribes gather the crop in canoes, dry it in the 
sun, parch it in iron pots, and thrash out the 
kernels.” Kennedy (J. Agric. Res. 1924, 27, 
219) describes it as an annual grass growing 
extensively in North America. By feeding 
experiments on rats it was found to bo an 
inadequate food. Its proteins are of low- 
biological value, its inorganic constituents are 
insufficient for growth, and it is deficient in 
vitamin A. It has, however, a greater food 
value than cultivated polished rice, since it 
contains more protein (14%), which is of better 
quality, and sufficient vitamin B. 


Composition of Wild Rice. 



Waf er 

Protein 

1o 

l'at 

% 

N-frec 

extract 

O' 

/Q 

Starch 

O' 

.0 

Soluble 

carbo- 

hydrates 

O* 

/O 

Fibre 

% 

Ash 

O' 

.0 

Woit ; 







Pi 


Parched 

9-54 



74-04 

— 

— 

mSm 

1-44 

Sun-dried . 

9-99 

13-65 


72-6S 

— 

— 

ifa 

1-58 

Kenncdv : 









l ... . 

7-74 

13-36 

0-46 

75-96 

65-26 

2-98 

1-39 

1-09 

11 ... . 

7-85 

13-97 

0-89 

74-50 

61-69 

3-69 

1-41 

1-38 

Ill ... . 

8-93 

14-62 

■i>F» 

72-62 

60-47 

2-33 

1-94 

1-17 

IV . . . . 

7-83 

14-40 

■ 

74-57 

62-03 

2-93 

1-29 

1-25 
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Mineral Co\STm evts (Kennedy). 

K|0 N»,0 CjO MjO P,0, SO, 

0 066 0 086 0 025 0-133 0 971 0 628 1 

Acknowledgements. — W here reference to I 
the original papers has not been possible, u«e 
has been made of the following. "British 
Chemical Abstracts"; Winton, "Structure! 
and Composition of Foods,” Vol 1 , Copeland, j 
** Riee ’’ — to the authors of which thanks are 
due. W. R. S. L. 

WHEAT. 

Wheat has been cultivated for at least ! 
6,000 years, and one of the earliest varieties, 
Emmc’r, is still found among isolated races For 
the origins of w heat, «e Vasilov, “ Study of 
Origins of Cultivated Plants,” Inst Appl 
Botany, Leningrad, 1926, Elliot Smith, Nature, 1 
1927, 119, 81, Pcrcival. ibid 157; Peake, tfcid. 
158 ; and Int Rev. Agric . Pt 2, 1929, 20, 420 
Existing varieties are described by Percival, , 
"Wheat Plant, ’ 1921, and arc divided into; 
three species, diploid*, tetraploids and hexa- 1 
ploids, distinguished by chromosome numbers 
of 14, 28 and 42 respectively. The diploid 
Tntieum monococcum (Einkom) is a very ancient 
species, probably originating in Asia Minor, 
where it is still' found wild and occasionally i 
cultivated. The tetraploids, which probably' 
originated in Abyssinia. include T. dicoecum 
(Emmer), T. turgidum (rivet wheat), native to 
the Mediterranean but still grown in England, 
and T. durum, the mac&ixmi wheats The 
hexaploid wheats include the very important 
bread wheats, T i ulgart, and the rarely culti 
voted T Sptlla They appear to have been 
disseminated from Afghanistan and Upper 
India at a later date than Emmer and Emkoro. 

Whc.it is now the most widely used of all 
cereals, owing to high nutritive value combined 
with the dough forming properties of the gluten. 
While superior to nee and maize, especially in 
protem and mineral content, it is about equal in 
food value to barlev, oats, and rye, but is unique 
in possessing the coherent gluten which makes 
it pre eminently suitable for bread making. 

The composition of the uheat grain vanes 
greatly with the \ ancty and the climate and 
to a smaller extent with sod, fertilisation, and 
time of harvesting (Humphries and Biffen, 
J. Agnr. Sei. 1907, 2, 1 . Biffen, ifiitf. 1909, 3, 
80; Jacob, Z. angew. Chem. 1935, 48, 246, 
Bay field, Ohio Agric. Exp. Sta Bull. No. 563, 
1936). The greatest variation is in the cellulose | 
rant cut, the least m the fat (Berrzcller and 
Wnstl, Biothcm. Z. 1927, 181, 117). The 1 
changes in composition of the developing grain 
have been investigated by Teller (Ark, Exp. 
tStn. Hull. No. 52, 1890), Brcnehfey and flail i 
(I. Agric. Sri. 11H>9, 3, 195), and Woodman and 
Englctlow (ibid, 1921, 14, 563). The most 
marked change is in dextrose content, which is 
relatively very high in the early stages of grain 
development. The immature gram is also richer 
m nitrogen nml ash, and has a slightly higher 
dmtatic activity than the ripe gram. The 
material entinng the grain is of nearly constant 
composition throughout. About a quarter of 
the nitrogen js at first present in the form of 


soluble compounds ; these are converted almost 
wholly- into protein. In the last stages, the chief 
change is Joss of w ater, finally so rapid that the 
w eight of the grain falls. According to Neumann 
{“ Brotgetreide u. Brot,” 1929, 3rd ed , p 175), 
an average sample of wheat contains : 

Cwbo- 

Water Protein Fat. hj Urate. Fibre. A»h. 


3 0 110 


1 9 


63 5 


19 17 


Other analyses are given by the authorities 
already quoted and by- Aloj and Untersteiner 
(Quad. Nutnzione, 1936, 3, 32). These con- 
stituents are by no means uniformly distributed 
through the gram : the protein, fat, fibre, and 
minerals are concentrated in the bran and germ, 
while the endosperm (about 85% of the gram) 
consists largely of carbohydrate, although the 
protem of the endosperm is actually considerable 
and is responsible for the bread-making 
properties. 

Of the qualities which vary with variety, etc , 
the most important from the baker's point of 
v lew is protein (gluten) content. This is affected 
much more by climate than by any other factor, 
as is indicated by the following results of experi 
ments by Leclerc and Leavett (U.S. Dept 
Agric. Div Chem. Bull. No. 128, 1910). 

Protein In product 
grown In 

Origin of Protein Call- 

i oar seed in seed Kansas fornia Texas 

1906 Kansas 16 22 19 13 10 38 1218 

(1907 Kansas 19 13 22 23 11 00 16 971 

1907 California 10 38 22 23 11-33 IB 22 

11907 Texas 12 18 22 81 11-37 18 2l| 

The Englishor North western European climate 
tends to produce soft, starchy wheats of low 
protein content, an average figure being 7 to 8%. 
High protein wheats, of an average content of 
12-14%, are grown in the prairie regions of 
North America. Wheats of intermediate pro- 
tein content and baking quality are grown in 
other certain well-defined areas. Although 
w heat is stated to be grown in every country w 
the world except Siam there are, in fact, eight 
great and distinct wheat regions in the world . 

A Europe : 

(1) The plains of Southern Russia and the 

Danube Basin, the latter including 
Rumania and Hungary. 

(2) The countries bordering the Mediterranean 

Sea, especially Italy. 

(3) North-western Europe, r <]. Germany, 

Trance, Holland, Belgium, Great Britain. 
B North America: 

(1) The gTeat central plains of Canada and 

U.S A. which arc really one region 
although belonging to different countries 

(2) The Columbia Basin in the extreme north 

vest of U.S. A., i.c. Eastern Washington 
and Oregon. 

C. Northern India, mainly the Inde Gangetic 

Basm and Punjab. 

D. Central Argentina. 

E. Southern Australia. 

" Strength " or good baking quatity, ho» 
is not necessarily always associated with hig° 
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protein content. Durum or macaroni wheats 
have a high protein content but are not of 
satisfactory baking quality. “ Strength ” is also 
associated with variety. Fife, for example, 
shows marked “ strength ’’when grown in Eng- 
land although many foreign “ strong ” varieties 
become “ weak ” when grown in our climate. 

Spring wheat usually contains more protein 
than winter wheat. This is not a case of cause 
and effect, but is due to spring sowing being 
general in those climates which produce high 
protein wheats. (For a further discussion, see 
Fisher and Jones, “The Wheats of Commerce,” 
2 vols., 104 pp., London, 1932.) 

The proteins of wheat have been studied by 
many workers. Osborne (Amer. Chem. J. 1893, 
15, 392 ; 1894, 16, 524 ; Amer. J. Phys. 1905, 
13, 35 ; 1906, 17, 223 ; Carnegie Inst. Wash. 
1907, Pub. 84) divides them into gliadin and 
ghitenin, forming nearly all the protein of the 
endosperm, and leucosin, globulin, and a small 
quantity of one or more proteoses, contained 
chiefly in the embryo. Gliadin is insoluble in 
neutral aqueous solutions, but distinguished by 
ready solubility in neutral 70% alcohol. Glutenin 
is similar in elementary composition, soluble in 
very dilute acids and alkalis, but insoluble in 
dilute alcohol or neutral aqueous salt solutions ; 
it differs from gliadin in the proportions of the 
decomposition products obtained on boiling 
with strong acids. Leucosin resembles albumin, 
is freely soluble in water, and coagulates on 
heating the solution to 50°-60°. The globulin 
is similar to that found in other seeds. The 
fractionation of wheat protein by means of 
various solvents has been investigated by Sharp 
and Herrington (Cereal Chem. 1927, 4, 249). 
The gliadin : glutenin ratio was formerly thought 
to determine the baking quality of flour 
(Fleurent, Ann. Sci. agron. fr. 1898 (2), 4, (i), 
371), but recent investigations show no correla- 
tion (Kosmin and Popzowa, Muhlenlab. 1934, 
4, 153 ; Feyte, Ann. Agron, 1935, 5, 72). 
Moreover, according to Blish (Cereal Chem. 
1936, 13, No. 5, suppl. 16), these fractions are 
themselves complex mixtures, varying in 
composition with the conditions of preparation, 
while Rich [ibid. 1936, 13, 522) considers wheat 
protein to be a singlo individual. On hydrolysis, 
wheat protein yields an exceptionally large 
amount of glutaminic acids and of ammonia, 
about the same quantity of histidine as most 
seed proteins and relatively little arginine and 
lysine (Osborne, l.c.). The amino-acids essential 
for growth are present in larger proportion in 
the protein of the bran than in that of the endo- 
sperm (Murphy and Jones, J. Biol. Chem. 1926, 
69, 85). 

The carbohydrate of wheat, especially of the 
endosperm, is mainly starch ; dextrin, reducing 
sugar, and sucrose arc also present, mainly in the 
germ. The germ also contains nearly all the fat. 

The averago mineral content of wheat is 
given in tho following table, compiled from 
various sources : 


Whole wheat 

Fe 

% 

0-0050 

Ca 

0 045 

K 

O' 

iQ 

0-473 

Na 

0039 

Bran 

0-007S 

0-120 

1-217 

0-154 

Germ 

— 

0-071 

0-290 

0-722 



P 

Cl 

S 

Mg 


O' 

'O 

b ' 

/O 

% 

% 

Whole wheat 

0-423 

0-068 

0-181 

0-133 

Bran 

1-215 

0-090 

0-247 

0-511 

Germ 

1-050 

0-070 

0-325 

0-342 


A small quantity of manganese is also an 
essential constituent ; its variations have been 
investigated by Albizzati and Carrado (Ann. 
Soc. cient. Argent. 1936 (3), 121, 97). The 
calcium : phosphorus ratio (1 : 10) indicates 
that wheat foods must be supplemented by 
others rich in calcium, the ratio considered 
necessary for health being 1 : 1. The phos- 
phorus is present mainly as phytin (in which 
form very little can be assimilated), nucleotides, 
and lipins ; in wheat germ tho proportion of 
the total phosphorus present in these three forms 
of combination is 42, 28, and 9% respectively 
(Javillier and Colin, Bull. Soc. Chilli, biol. 1933, 
15, 1552). The phosphatides of germinating 
wheat contain (saturated) palmitic and (un- 
saturated) linolic acids in the ratio of 1:5 
(Diemair and Bleyer, Biochem. Z. 1935, 275, 
242). 

Vitamins Bj, E, B 2 , and carotene, which can 
act as a precursor of vitamin A, especially the 
first two, are present in wheat, chiefly in 
the germ and bran. Wheat germ is by far the 
richest known source of vitamin E. 

The germ, constituting about 2J-3% of the 
grain, is generally removed in milling, on account 
of its adverse effect on the baking and keeping 
qualities of the flour, tho fat present in large 
proportion tending to turn rancid. To enhance 
the keeping qualities of the separated germ, heat 
treatment is proposed (Hertwig, Cereal Chem. 

1931, 8, 226; Wanklyn and Stacey, B.P. 
332847). Attempts to isolate the constituent 
responsible for spoiling tho baking quality 
have so far been unsuccessful, though it is known 
to be soluble in water, not in fat solvents, and to 
decrease with ageing of the germ (Sullivan, 
Near, and Foley, Cereal Chem. 1936, 13, 453 ; 
Geddes, Nat. Res. Coun. Ottawa Ann. Rpt. 

1932, 15, 84). According to analyses in Die 
Miihle, 1932, 69, 1103, the composition of wheat 
germ is approximately : 

N-free 

Water. Protein. Fat. extract. Fibre. Ash. 

Of Of Of O/ Of o/ 

/o /o /O /o /O /o 

11 32 9 42 1 5 

Germ oil, rf 25 0-92 68, iodine number 125-6, 
contains linolenic, linolic, oleic, palmitic, stearic, 
and.lignoceric acids (Jamieson and Baughman, 
Oil and Soap, 1932, 9, 136); its absorption 
spectra have been studied bv Bowden and 
Moore (Nature, 1933, 131. 512; 132, 204) and 
by Morton and Edisbury [ibid. 131, 618). 

Several pigments are present in wheat, tho 
most important being carotene (pro-vitamin A). 
Bran contains a yellow indicator which it is 
suggested could be used for the determination of, 
bran in flour (Schulerud, Miihlcnlab. 1936, 6, 
129). 

Wheat contains many- enzymes — amylolytic, 
proteolytic, and oxidising. For bread-making, 
the amylases are of great importance, ns they 
convert the starch into sugars which the yeast 
ran utilise. 
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J Methods of Analytis — In the analysis of] 
wheat and wheat flour, the ordinary methods 
employed for feeding stuffs are followed, the 
only special determinations required being those 
of gluten and gltadin. 

For the determination of gluten 10 or 20 g. of 
dry flour, or of the ground wheat from which 
the husk has been sifted, are weighed out on to a 
beaker or porcelain dish, moistened with water, 
and kneaded up with a spatula into a dough. 
This is then transferred to a piece of bolting 
cloth about 8 ms. square, the silk is gathered 
together over the dough, and the dough is kneaded 
in several changes of water or under a tap until 
no more starchy liquid flows away, being finally 
squeezed in the air until it ceases to lose water. 
The gluten will then generally form an elastic 
coherent mass which can bo removed from the 
eilk without loss, weighed in its wet condition, 
spread on a tared sheet of glass or porcelain 
basin, dried at 100’ to a constant weight, and 
weighed agaifl. The ratio between wet and dry 
gluten is regarded as of some importance. For 
more accurate mechanical methods of gluten 
washing, see Halton and Fisher (Cereal Chem. 
1036, 13, 575). For gliadm, 5 g of flour are put 
In a flask with 250 c c. of 70% alcohol, and 
shaken in a machine for 6 hours The mixture 
is then rapidly filtered, and 100 e c. of the solu- 
tion are placed in a Kjeldahl flask. The alcohol 
is distilled off and the nitrogen in the residue is 
determined m the usual way. NitrogenxS 68= 
gliadin. 

For detailed methods of wheat and flour 
analysis, see “ A A C C Cereal Laboratory 
Methods,” 1035, “A.OAC. Official and 
Tentative Methods of Analysis," 1930 

The proportion of rye mixed with wheat 
flour can be determined by the percentage of the 
total protein soluble in a saturated solution of 
calcium sulphate (Komg and Bartschat, Z. 
Unters. Nahr. Genussm. 1923, 46, 321 , Analyst, 
1924,49, 187). 

For other tests relating to baking quality, see 
Bread. 

Wheat straw is of more variable composition 
than the grain, since the plant tends to keep the 
composition of the seed constant at the expense 
of other parts. By the time npening is com 
plete, nearly all the nutritionally valuable 
constituents are transferred to the gram ; for 
use as fodder, therefore, straw cut early is 
preferable. Typical analyses of wheat straw are 
given in the following table, due to Komg ; 


|| || 

zS 


Anal) ses of the ash of mixed samples grown 
different plots at Rothamsted over the ten 
year** 1882-1891 gave the following results: 


Ash in dry matter . 
Temc oxide . 

Lime . . 

Magnesia 

Potash 

Soda .... 
Phosphoric acid 
Sulphuric acid 
Chlonne 
Carbonic acid 
Silica 

Sand and charcoal 


. 5 52-8 13 
. 0 31-094 
. 3-49-9 14 
. 1-41-2 46 
9 D2-25 84 
. O 03-0 58 
. 2 26-4 26 
. 3 44-6 7 » 

. 1 66-6 59 
. 0 00-1-25 
45 59-67-70 
. 141-3 78 


English 

go wn — 13 6 1 3 3 3 394' 37 1 53 

German 
winter 

sown — 14 3 12 30 35 9 40 8485 

American 
spring 

sown 7 9 6 1-3 3 4 43 5 380 4 2 

1 Carbohydrates. 


In addition to supplying fitter and fodder, 
wheat straw is used in building materials, for 
packing, for making matting and yellow 
wrapping -papev, av.4 as a of eeU-afww 

and of furfural for synthetic resins (Rav, 
Int Rev. Agnc. 1934, 25, 525T). E. A. F. 

CEREBROSE, the sugar of the brain, first 
isolated from this organ by Thudichum, is in 
reality galactose. The cerebrosides phrenosm 
— also called cerebron—lerasm, and nenon, are 
found in nerve and brain tissue in considerable 
amounts E. F A 

CEREBROSIDES are galactotipins 
occurring m the brain in which a higher fatty 
acid is combined with galactose and sphyngosme, 
the higher ammo alcohol 

CH, (CHjljj-CH CH CH(NHj)CH(OH)CH, OH 

CERER1TE t. Cerium Metais asd 
Earths. 

CERES IN, Protoparaffin, is obtained from 
“ earth-wax,” » e. ozokerite. It occurs in 
commerce in the form of thin, round masses 
several inches m diameter, of a dazzling 
white appearance ; inodorous, and transparent 
at the edges. It is harder than paraffin wax, 
does not sweat, and usually has a fine crystalline 
structure. It yields paraffins on distillation, 
but paraffins have not yet been converted into 
cerfsins (Tokmanov, 1930, B, 696 ; Sachanov 
and Bestuschev, Petroleum, 1926, 22, 48). The 
melting point is between 75° and 80°. It is not 
attacked by acids, either in the cold or when 
heated ; nor by alkalis, which do not saponify 
a trace of it. It is used as a aubstitutute for 
beeswax. The determination of cereein in 
ozokerite can be effected by treating the 
benzine solution with eulphosil (silica gel 
activated with sulphuric acid), the ceresin 
remaining unadsorbed (Tokmanov, 1928, i>, 
592). 

For the detection of paraffins in ccre«in, f’t 
Holde and Schiinemann (Z. angew. Chem 19-8. 
41, 368). On oxidation it yields a mixture of 
liquid and solid acids consisting chiefly of* 
mixture of polymerised unsaturated fatty acids, 
acid value 115, iodine value 11 (Marcuwon, 
Chem -Ztg. 1925, 49, 166). . , 

CERFLUORITE. Mixed cubic crystal* 
obtained by fusing calcium fluoride with ccnum 
fluunde. 



CERIUM. 


CERIN. The constituent of beeswax that 
is soluble in alcohol; it consists chiefly of 
ccrotic acid. The term is also applied to the 
wax extracted by alcohol from cork. 

CER 1 N E v. Cerium Metals and Earths. 

CERINSTEIN v. Cerium Metals and 
Earths. 

CERITE. A hydrous silicate of cerium 
metals. Rammelsberg’s analysis (1859) showed 
the presence of 64-55% Ce 2 O a with 7-28% 
(La,Di) 2 0 3 and approximated to the formula 
2Ce 2 0 3 -3Si0 2 -3H 2 0. Later analyses showed 
a predominance of lanthanum and didymium, 
suggesting the name lanthanocerite. Crystals 
are orthorhombic, but of rare occurrence. 
The mineral is usually found as reddish granular 
masses much resembling in appearance certain 
varieties of corundum, from which, however, 
it is readily distinguished by its lower hardness 
(H. ; sp.gr. 4-9). It occurs as a bed in 

gneiss at Bastnas in Sweden, and was the 
material in which the element cerium was first 
detected. L. J. S. 

CERIUM. Symbol Ce. At. no. 58. At. 
wt. 140-125 ±0-007 ; 2 isotopes 140 and 142. 
The most abundant of the rare-earth elements 
and estimated to be more plentiful terrestrially 
than silver, gold or platinum. The metal has 
been prepared by (1) the electrolysis of the fused 
chloride with or without an admixture of barium 
or calcium chloride or alkali chloride ; (2) the 
electroli'sis of a mixture of cerium dioxide and 
cerium fluoride (Borders and Stockem, D.R.P. 
172529 ; Muthmann et al., Annalen, 1902, 320, 
231 ; 1904, 331, 1 ; 1907, 355, 116). By the 
latter process, the yield corresponds with 57% 
of a current, of 750 amperes and 7-5 volts with 
current densities of 9-10 amperes and 3 amperes 
per sq. cm. at cathode and anode respectively. 

A cerium amalgam is readily obtained by 
electrolysis of anhydrous cerous chloride solution 
in methyl or ethyl alcohol using a mercury 
cathode which is agitated to prevent formation 
of crust. This amalgam, which may contain 
3% of cerium, is enriched to 15% of this metal 
by vacuum distillation to 235°. Further heating 
to 1,000° in an oxide-lined crucible in vacuo 
furnishes metallic cerium (Jukkola, Audrieth, 
and B. S. Hopkins, J. Amer. Chom. Soc. 1934, 
56, 303). Electrolysis of fused cerous chloride 
using carbon anodes and molybdenum cathodes 
yields cerium of high purity (Trombe, Trans. 
Eleetrochem. Soc. 1934, 66, 231). 

Metallic cerium has the colour and lustre of 
iron ; its hardness is comparable with that of 
silver or tin ; m.p. 635° (Hirsch, Ind. Eng. 
Clicm. 1911, 3, 880), 623° (Muthmann and 
Weiss) ; sp.gr. of fused product of electrolvsis 
6-92 at 25°; specific heat 0-05112 (20M00 0 ); 
hardness (ns determined by the scleroscope), 
25-9 and 9-5 for rolled and freshly cut surfaces 
respectively ; ultimate strength (as determined 
in an Olsen machine, with test bars of 0-212 in. 
diameter), 12,900 lb. per sq. in, ; and no elonga- 
tion with a constant load at 350 lb. Cerium 
is paramagnetic ; magnetic susceptibility’, 
(K)±lS2-2x 10~° (Stefan Meyer, Monatsh. 1899, 
20, 309). In dry air the metal is moderately 
stnblc, but becomes superficially tarnished with 
yellow dioxide. The temperature of ignition 
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in oxygen is about 150°-180° (Muthmann and 
Kraft, Annalen, 1903, 325, 261). The metal is 
malleable and ductile; it has a fairly- high 
latent heat of fusion and thermal conductivity’. 
The heat of oxidation of the metal is 1,740 cals, 
per g. ; the wire burns even more brightly than 
magnesium, and combines readily with the 
halogens. Cerium is very slightly attacked by 
cold water; a slow evolution of hydrogen 
occurs in boiling water, and the metal is tarnished 
black ; it is readily dissolved by dilute acids, 
but concentrated nitric acid produces a brown 
deposit consisting mainly of dioxide. By 
heating the metal to 345° in hydrogen, cerium 
hydride is produced, without luminescence. At 
1,000° it combines with nitrogen to form the 
nitride ; and direct combination also occurs 
when the. metal is heated in sulphur vapour 
(Hirsch, Chem. Met. Eng. 1911, 9, 540). Cerium 
silicide (CeSi 2 ) is formed in crystals with steely 
lustre by the reduction of cerium oxide .with 
graphite and silicon ; it is stable in air but 
decomposed by acids (Sterba, Compt. rend. 
1902, 135, 170). The addition of cerium 
oxides to an electrolytic cell containing a melt 
of calcium fluoride, chloride, and silicate 
CaSiO 3 , leads to a cathodic button of the 
silicide with some free silicon (Dodero, Compt. 
rend. 1934, 198, 1593). This compound is 
brittle and when added to cerium in such pro- 
portion that the mixture contains about 15% 
of silicon, forms a good pyrophoric alloy. 
The magnesium-cerium alloys are excellent for 
thermal reduction processes since — the combina- 
tion of the two metalB being endothermic- 
more heat is developed by the oxidation of the 
alloy than by that of the two metals in admixture 
(Hirsch). 

When scratched 'or rubbed with a steel edge 
cerium emits brilliant sparks, and this property 
has been utilised in the preparation of gas 
lighters. For a description of pyrophoric 
cerium alloys, see Eng. and Min. J. 1917, 212 ; 
Vogel, Z. anorg. Chem. 1917, 99, 25. 

Cerium alloys are produced by melting to- 
gether the component metals under fused 
sodium-potassium chloride (Muthmann and 
Beck, Annalen. 1904, 331, 46). Cerium- 

aluminium, CeAI 4 , is thus obtained in rhombic 
or monoclinic needles with metallic lustre. 
The combination of these two metals is highly 
exothermic. Cerium and zinc combine with 
explosive violence, the alloy, containing 1 part 
of cerium to 2 of zinc, is blue. All such alloys 
rapidly become oxidised in the air. 

Separation and Purification of Ceria (Ce0 2 ). — 
Of all the rare earth oxides, ceria is most readily 
isolated in a pure state, and the following 
methods have been employed in separating this 
oxide from lanthana, praseody’mia and neo- 
dy’mia. 

(1) Treatment of the hydroxides suspended 
in aqueous caustic alkalis with chlorine ; ceric 
hydroxide remains undissolved, while the other 
hydroxides are converted into soluble chlorides 
and hypochlorites (Mosnnder, 1 842 ; Mengel, 
Z. nnorg. Chem. 1898, 19, 67). 

(2) The mixed oxides dissolved in hot nitric 
acid and the solution evaporated down with 
ammonium nitrate until ceric ammonium nitrate 
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separates. The double salt is crystallised from 
nitric acid until the oxide left on ignition has a 
light-yellow colour (Auer von Welsbach, 
Monatsh. 1884. 5, 503; SehottlSnder, Ber. 1892, 
25, 378) ; or the mixed oxides are treated with 
4 times their weight of concentrated nitric acid 
and gradually heated to 60°. Tho solution, 
after decantation from any insoluble matter, is 
evaporated to a syrupy consistency, mixed 
with water from 10 to 30 times tbe weight 
of the oxides taken, and 1 g of ammonium 
sulphate added for each btre of solution The 
liquid is boiled for a few minutes, when a pale 
greenish -yellow precipitate of basic ccnc nitrate 
and sulphate is formed, which is separated and 
washed with a solution of a mixture of am 
momum nitrate and sulphate (Wyrouboff and 
Yemeni!, Compt rend. 1897, 124, 1230. Sterba, 
l bid. 1901, 133, 294). 

(3) The solution of mixed nitrates is neutral 
iscd with ammonia and boded with magnesium 
or sodium acetate and hydrogen peroxide where 
by cerium is completely precipitated as a basic 
acetate (Meyer and Koss, Ber 1902, 35, 672). 

(4) The mixed ammonium double nitrates are 
boded with aqueous ammonium persulphate, 
calcium carbonate being gradually added to 
keep the solution neutral The precipitate con 
tains all the cerium as ccnc nitrate and sulphate 
mixed with calcium sulphate (Witt and ThecI, 
Ber. 1900, S3, 1315 , cf Meyer and Marckwatd, 
ibid. 3003). 

(5) Electrolytic oxidation of cerous salts in 
supersaturated solutions leads to precipitation 
of punfied basic ceric salt3 (U S P. 1707450) 
With cerous sulphate this oxidation is effected 
with 99% efficiency m tho anodic compartment 
of a cell fitted with lead electrodes 

(6) The thermal decomposition of rare earth 
sulphates has been Bt udied sy steraatically and the 
dissociation pressures of the anhydrous sulphates 
determined at definite temperatures. By main 
taming an appropriate partial pressure of sul 
phur tnoxide above a heated mixture of iso 
morphous sulphates theso were decomposed 
fractionally. Cerous sulphate on ignition readily 
yielded ceric oxide, whereas the associated rare 
earth metals remained as sulphates (H. II 
Willard and R. D. Fowler, J. Amer. Cbcm. 
Soc. 1932, 54, 496). 

(7) The joint action of potassium perman- 
ganate anil a basic substance (mercuric oxide, 
zinc oxide, magnesia, sodium carbonate, etc ) 
on the rare earth oxides in neutral solution 
yields a precipitate containing all the cerium 
as ceric hydroxide (Stolba, 1878 , Drossbach, 
1896; D.It.P. 14310G, Meyir, Z anorg Cbcm 
1903, 37, 378). 

The last of the foregoing methods is generally 
applicable to the mixed oxides of the ran. earths, 
arjd permits of the complete 6eparution of 
cerium in one ojieration. The>c processes re 
quire to be repeated before the cenum is com 
pletely freed from the last traces of lanthanum , 
thorium also is difficult to remove completely 
The solution of nitrates is mixed with an exetvs 
of ammonium carbonate, and treated with 
ammonia when the greater portion of the 
thorium is precipitated. To remoic the re- 
mainder the cerium present is converted into 


the anhy drous sulphate and added to ice cold 
water, when the pure hydrated salt separates 
(Wyrouboff and Vemeujl, le.v Urban), Ann 
Chim. Phys 1900, [7], 19, 184; Sterba, t&.rf 
1904, [8], 2, 193 ; Brauner, Z. anorg. Chem, 
1903, 34, 103; Meyer, ibid. 37, 378; Orloff 
Chem-Ztg. 1906, 30, 733; 1907. 31, 562; 
Neish, J. Amer Chem. Soc. 1909, 31, 517). 

Only a small proportion of the cerium oxide 
extracted from monazite is used in the mantle 
industry, the greater amount is employed in tbe 
manufacture of sparking alloy s for cigar lighters, 
etc. A further quantity is used (in the form of 
fluoride) for impregnating arc light carbons ; 
in weighting silk, m the dyeing and photographic 
industries, and to a slight extent in medicine 

Cenum forms several senes of compounds 
derived from the oxides Ce20 2 , Ce 4 Oj(!), 
CeOj, and CeO a . 

Cerous Compounds. 

Cerium hydride, CeH s (7) Cerium com- 
bines readily with hydrogen at 250°-270°, y will- 
ing a brownish. black amorphous hy'dride which 
not improbably consists to some extent of 
CeH 4 Thi9 product is stable in dry’ air at the 
ordinary temperature, but on heating it is con- 
verted explosively into cerium oxide and mtnde 
(Matignon, Compt rend 1900, 131, 891 ; Muth- 
mann and Kraft, Annalen, 1903, 325, 281) 

Cerous fluoride, 2CeFj.H f O (John, 1874), 
known also in the anhydrous condition, and 
employed in the electrolytic production of the 
metal (v supra ; and cf Brauner, 1881-1882) 

Cerous chloride, 

CeC!j,7H a O or 2CeCI,.15H 1 0. 
(Dennis and Magee, J. Amer. Chem. Soc 1894, 
16. 649 , Meyer anil Koos, Ber. 1902 35, 2622). 

The anhydrous chloride, a fusible deliquescent 
crystalline mass, is obtained by the following 
methods • 

(1) Heating the dry oxalate or cerium 
dioxide in hydrogen chloride (Robinson, Proc. 
Roy. Soc. 1884, 37, 130) 

(2) Decomposing cerium carbide with chlorine 
or hydrogen chloride. 

(3) Reducing anhydrous cerous sulphate to 
sulphide by heating in hydrogen sulphide and 
decomposing the latter with hydrogen chloride 
(Muthinann and Stutzel, Ber. 1899, 32, 3 413) 
Cerous sulphide and hydrogen bromide yield 
cerous bromide. 

(4) The anhydrous sulphate, when heated 
in a current of chlorine nnd sulphur chloride 
vapour, is converted directly into cerous 
chloride. 

The dry chloride is readily soluble in alinlwl. 
and ebullioscopic determinations of the mole- 
cular weight in tins solvent gave numbers inrre* 
spending with CeCI, (Mulhmann, Ber. 1898.31, 
1829) , , 

It forms double salts with the ihloridm 
mercury, gold, and platinum, and of certain 
organic bases . 

Cerous bromide, CeBr 1P and WJ', Cclj. 
arc also known, as arc the bromale, 
Ce(BrO s )j.9H,0, 
and todale, Ce(IOj)j,2H 4 0. 
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Cerous hydroxide, Ce(OH) 3 , a -white pre- 
cipitate obtained from soluble cerous salts with 
ammonia or caustic soda, is stable only in 
absence of oxygen. Exposed to air it becomes 
slowly oxidised to yellow ceric hydroxide, pass- 
ing through an intermediate reddish-violet stage 
zCe(OH) 3 -yCe(OH) 4 (Dennis and Magee, 
J. Amer. Chem. Soc. 1894, 16, 649). 

Cerous oxide has not been isolated with 
certainty, since the ignition of decomposable 
cerous salts (nitrate, sulphate, oxalate, etc.) 
leads to the production of cerium dioxide. The 
reduction of the latter oxide with hydrogen at 
high temperatures gives rise to an unstable 
dark blue oxide approximating in composition 
to Ce 4 0 7 . 

Cerous sulphide, Ce 2 S 3 , a cinnabar-red 
solid devoid of definite crystal structure, is 
prepared by passing hydrogen sulphide over 
ceric oxide in a graphite boat at 1,000°-1,200°, 
then heated further to 1,550°-1,600°. It 
sinters at 2,000° and melts at 2,200° with 
volatilisation and slight decomposition which 
in a stream of hydrogen is slow even at 2,400°. 
It is unattached up to 1,000° by nitrogen, 
carbon monoxide, magnesium, sodium chloride 
or cyanide, or by the sulphides of lead, antimony, 
or bismuth (Picon, Compt. rend. 1931, 192, 684). 
It is moderately stable in air and only slowly 
decomposed by water or hydrogen chloride 
below 300°. 

Cerium nitride, CeN, obtained by heating 
cerium in nitrogen (Muthmann and Kraft, 
Annalen, 1903, 325, 261), or by passing ammonia 
over heated cerium carbide (Matignon, Compt. 
rend. 1900, 131, 865), is decomposed by water, 
yielding cerium dioxide, ammonia, and hydro- 
gen. An explosive cerium azide is precipitated 
by adding sodium azide to aqueous cerous 
nitrate (Curtius and Darapsky, J. pr, Chem. 
1900, [ii], 61, 408). 

Cerous nitrate, Ce(N0 3 ) 3 ,6H 2 0, prepared 
by (1) dissolving cerium dioxide in nitric acid in 
the presence of a reducing agent ; (2) decom- 
posing cerous oxalate with strong nitric acid. 
Deliquescent triclinic crystals. When heated 
strongly, pure cerous nitrate leaves a residue of 
pale yellow cerium dioxide, but when praseody- 
mium nitrate is present, the residual oxido is 
brown (Keish, J. Amcr. Chem. Soc. 1909, 31, 
517). 

Cerous sulphate, Ce 2 (S0 4 ) 3 . The an- 
hydrous sulphato is produced by dehydrating 
the hydrated salt at 400°. Above 500° it decom- 
poses, leaving a residue of dioxide. A saturated 
solution of the sulphate at 0° deposits the dode- 
cahvdrate, Ce 2 (S0 4 ) 3 ,12H 2 0 (asbestos-like 
needles). Above 3° this hydrate is labile, and at 
higher temperatures the solution of the sulphate 
deposits hydrates containing 12, 9, 8, 5, and 4 
molecular proportions of water. With the sul- 
phates of ammonium, sodium and potassium, 
cerous sulphate forms double sulphates iso- 
morphous with the corresponding salts of 
lanthanum, neodymium and praseodymium. 
In moderately strong sulphuric acid," cerous 
sulphate gives rise to the acid sulphate, 
Ce(HS0 4 ) 3 (Brauncr and Picek, Z. anorg. 
Chem. 1904, 38, 322). This acid salt has been 
recommended ns an oxidising catalyst in the 


production of aniline black, 0-3 g. of cerous oxide 
in this form sufficing to develop the black from 
6 kg. of aniline hydrochloride. 

Cerous carbonate, Ce 2 (C0 3 ) 3 ,5H 2 0, pris- 
matic crystals, precipitated from solutions of 
cerous salts by ammonium carbonate, forms 
soluble crystalline double carbonates with the 
alkali and ammonium carbonates. 

Cerous cobalticyanide, 

Ce 2 [Co(CN) 6 ] 2 ,9H 2 0. 

The most soluble of the rare-earth cobalti- 
cyanides in 10% hydrochloric acid (1,000 parts 
of saturated solution contain 10-75 parts of the 
salt). 

Cerous tungstate, Ce 2 (WO,) 3 , has been 
shown to have a crystal structure corresponding 
to scheelite, CaW0 4 (Beintema, Proc. K. Akad. 
Wetensch. Amsterdam, 1935, 38, 1011). 

Cerous oxalate, Ce 2 (C 2 O 4 ) 3 ,10H 2 O, cry- 
stalline white precipitate (Power and Shedden, 
J.S.C.I. 1900, 19, 636), has been used medicinally 
as a sedative in sickness, particularly that of 
pregnancy, also in chronic diarrhcea, hysteria, 
epilepsy and migraine. 

Cerous phenoxide has been recommended 
as a non-irritant disinfectant (J.S.C.I. 1909, 
28, 1221 ; D.R.P. 214782). 

Cerous acetylacetonate, 

Ce(CH 3 C0CHC0-CH 3 ) 3 ,3H 2 0, 

obtained by the interaction of cerous am- 
monium nitrate, acetylacetone, and ammonia 
(Urbain, Ann. Chim. Phys. 1900, [7], 19, 184 ; 
Biltz, Annalen, 1904, 331, 334). 

Cerous dimethyl phosphate, 

Ce 2 (Me 2 P0 4 ) B ,H 2 0, 

white, hexagonal plates, solubility of the anhy- 
drous salt is 79-6 at 25°, and about 65 at 95° 
(Morgan and James, J. Amcr. Chem. Soc. 1914, 
36, 10). 

For other cerous salts of organic acids, v. Biltz, 
Annalen, 1904, 331, 334 ; Wolff, Z. anorg. 
Chem. 1905, 45, 89 ; Morgan and Cahen, Chem. 
Soc. Trans. 1907, 91, 477 ; Pharm. J. 1907, 78, 
428 ; Rimbach and Kilian, Annalen, 1909, 368, 
110 ; Pratt and James, J. Amer. Chem. Soc. 
1911, 33, 1330 ; Katz and James, ibid. 1913, 35, 
872 ; Erdmann and Wirth, Annalen, 1908, 361, 
190 ; Rimbach and Schubert, Z. physikal. 
Chem. 1909, 67, 183 ; Jantsch and Griinkraut, 
Z. anorg. Chem. 1913, 79, 305. 

For complex cerium salts, v. Wvrouboff and 
Vemeuil, Ann. Chim. Phys. 1906, (yiii], 9, 289 ; 
Barbieri, Atti R. Accad. Lincei, 1908, [v], 17, 1, 
540. 

Ceric Compounds. 

Cerium carbide, CeC 2 ; microscopic cry- 
stals, sp.gr. 5-23, prepared by melting together 
in the electric furnace cerium dioxide (192 parts) 
and Bugar carbon (48 parts), using a current of 
300 amperes and 60 volts (Moissan, 1896-1897) : 
2Ce0 2 +C = Ce„0 3 +C0 
Ce 2 0 3 -f 9C=2CeC 3 +3CO 
CeC 3 =CeC 2 +C 

When decomposed with water, the carbide yields 
75-5% acetylene, 20-5% methane, and 4% 
ethylene. 
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Ceric oxide { tyn . Cenum dioxide), CeO t ; 
a white or light yellow powder, spgr. 6 405 , 
also in isotropic crj stals, sp.gr. 6 76-7 905 The 
amorphous oxide is prepared by (l) the oxidation 
of the metal m oxygen ; (2) the ignition of 
cerous salts (nitrate, sulphate, carbonate, 
oxalate) or ceric compounds (hydroxide, nitrate, 
sulphate). The colour of cenc oxide is pure 
white when prepared at low temperatures, but 
becomes pale yellow with decrease in volume on 
ignition (Spencer) It darkens when heated, but 
becomes nearly colourless or at most pale yellow 
when cooled The colour of ordinary ceria is 
probably due to traces of praseodymium 
peroxide. The ignited oxide is insoluble in 
hydrochloric or nitric acid or m dilute sulphuric 
acid. The crystalline form, obtained by heating 
the amorphous variety with sodium chloride, 
borax, or potassium hydrogen sulphate, is quite 
unaffected by acids or alkalis The dioxide is 
reduced with difficulty by aluminium and 
magnesium, when the corresponding cenum 
alloys are produced For further references to 
cenum dioxide, c Compt rend 1895, 120, 663 , 
1897,124,618,1233,1300, 125,950, 1901,133, 
221; Drossbach, Bcr 1900, 33 3303, 3506, 
Sterba, Ann Chun. I’hys 1904, [8), 2, 193, Z 
anorg Chcm 1903, 34. 103, 207 , 37, 378), 
Hofmann and Hoschcll, Bcr 1914, 47. 238, 
Tied* and Bimbrauer, Z anorg Chem 1914, 87. 
160, Bekk Ber 1913,. 46, 25 74, Renner, J 
Amer Chem Soe 1915, 37, 1636) 

Ceric hydroxide, Ce(OH) 4 . a yellowiah 
precipitate obtained from soluble cenc salts by 
means of ammonia or the caustic alkalis Cerous 
hydroxide is slowly oxidised to cenc hydroxide 
by atmospheric oxygen and more rapidly by 
mild oxidising agents 

Although cenc hydroxide is more stable than 
the lower hydroxide, the ceric silts are less stable 
than the cerous compounds Cenc chloride 
itself has not been isolated, but its additne 
| compounds, R 2 CeCI 8 . with the salts of organic 
bases (pyridine, quinoline, tnethy famine, etc) 
arc stable in alcoholic solution 

Colloidal ceric hydroxide is obtained by 
dialysing an aqueous solution of cenc am 
mom urn nitra te The hy drosol is readily coagu 
fated and dries to a gumim mass, soluble in hot 
water (Biltr, Ber 1902, 35, 4431 , 1904, 37, 
1095). 

Ceric sulphate, Ce(S0 4 ) 3 The anhydrous 
salt is produced by heating the dioxide with 
strong sulphuric acid W ith the diluted acid, 
oxygen is exohed, and the resulting solution 
deposits, on concentration, cen-cerous hydrogen 
sulphate, 

2Qe(S0 4 ) 2 .Cej(SO l ),.HjSO 1> 24H 1 O 
(Brauner, Z. anorg. Chem 1901, 39, 261), and 
then yellow hydrated cenc sulphate, 
Ce(S0 4 )j,4H 2 0 

The former of thc s e compound! corresponds with 
tbo intermediate oxide, 

Ce 4 0 J (-2CeOj.Ce t O,) 

Cenc sulphate is a useful oxidnmsr agent m 
volumetne analysis , it is more staMe than 
. permanganate, and more reactne in presence 


of acids and particularly fairly Concentrate! 
hydrochloric acid. Its solution in dilute stil 
phuric acid is readily standardised potentio 
nutncally against ferrous sulphate or sodium 
oxalate (Furman, J Amor. Chem Soc. 1928,50 
753, 1675) Estimations w ith ceric sulphate can 
be elTected m hot solutions or at lower tempera 
tures with iodine chloride as catalyst In these 
cases methylene blue is a useful internal 
indicator. Thallium can be determined eleetro- 
chemtcally in warm hydrochloric acid j tellurouj 
acid may be estimated using chromic sulphate 
as catalyst (Willard and Young, tbtd. 19 m 
50, 1322 el teq ) Certain organic acids (tartanc, 
citric, malomc, malic, and gly colhc) arc oxidised 
by cenc sulphate but not formic, acetic, succinic, 
fumanc and maleic acids 

Cenc sulphate forms ti series of double 
sulphates (' q Ce(S0 4 ) 2 ,2K 2 S0 4 ,2H 2 0) with 
the alkali sulphates 

Basic ceric sulphate". 4CeOj.3SO 3 ,12H.0, 
and 2CeOj.3SOj.4HiO, hare bepn dtscnwd 
by Hauler and U irth (Z anal Chem 1908, 47, 
389), and Ce0 2 ,S0 3 .2H,0 and 3CeO 2 4S0. 
by J F Spencer (J C S. 1915, 107, 1265) 

Cenc selenate, Ce(Se0 4 ) 2 , a yellow com 
pound obtained by the action of 50% aqueous 
6elemc acid on ceric hydroxide (Merer and 
Schultz, Z anorg Chem 1931, 195, 127) 

Ceric nitrate, Ce(N0 3 ) 3 OH,3H 2 0 This 
basic salt separates from a solution of cenc 
hydroxide in nitric acid The normal cenc 
nitrate has not been isolated, but the double 
nitrates RJCe(N0 3 ) 8 , where R is ammonium 
or an alkali metal, are well defined crjstalhne 
substances, having a blight red colour , they are 
x cry' h\ groscopic and readily soluble in alcohol or 
water’ The double nitrates, 

R n Ce(N0 3 ) 8 , 8H s O, 

where R = Mg,Zn,Ni,Co,Mn, form a well 
defined senes. These cerium double nitrate* 
arc analogous to the corresponding double 
nitrates of thorium 

For other eerie salts, r. Barbicn, Atti R. 
Accad Lincei, 1907, [v], 16, 614 ; Ber. 1910, 43, 
2214 For double ceric fluorides, i, Brauner, 
Ber. 1881, 1311 ; JAnitffaY. 1882, 3, 1 ; 

Soc Trans 1882. 41, 68 ; Kimbach and Kihan, 
Annalen, 1909, 368, 101 ; Pozzi-Escot, Compt 
rend 1913, 156, 1074 ; Browning and Flora, 
Amer. J Sci. 1903, [iv], 15, 177) 

For cenc acetylacetonate, Ce(CHAc 2 ) 4 . M 
Job and Goissedet, Compt. rend. 1913, 157, 50 
Cerium peroxide and Its derivatives. The 
addition of ammonia and hydrogen peroxide to 
a solution of a cerous salt determines the precipi 
tation of reddish-brown hydrated cerium peroxide, 
Ce(O.H)(OH) 3 . When cerous mtrato or 
chloride is added to concentrated aqueous pntas 
sium carbonate, the solution takes up atmo- 
spheric oxygen and assumes a deep red colour. 
The liquid slowly deposits crystalline dark red 
potassium per ceric carbonate, 

4K 2 C0 3 ,Ce 2 (C0 3 ) 3 0 3 ,12Hj0. 

In the presence of glucose, this alkaline solution 
acts ratals tically. When shaken in the air. 
oxygen is taken up and the per-ceric* compound 
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produced. On standing, this substance is 
reduced by the glucose to cerous salt, and the 
colour disappears. Repeated shaking leads to 
renewed production of per-ceric compound, so 
that oxidation and reduction proceed alternately 
to an indefinite extent (Pissarjewski, J. Russ. 
Phys. Chem. Soc. 1900, 32, 609 ; Z. anorg. 
Chem. 1902, 31, 359 ; Wyrouboff and Verncuil, 
Compt. rend. 1898, 127, 863; Job, ibid. 1898, 
126, 246; 1899, 128, 178, 1089; 1902, 134, 
1052 ; 1903, 136, 45 ; Engler, Z. anorg. Chem. 
1902, 29, 1 ; Ber. 1903, 36, 2642 ; 1904, 37, 49, 
3268). 

Applications of Cerium. — Metallic cerium (in 
the form of “ mischmetal,” v. Cerium Metals 
and Earths), has been used in the reduction 
of tho refractory oxides of niobium (columbium), 
tantalum, molybdenum, etc. 

Tho oxidising action of cerium compounds 
has led to their use in photography (Lumiere, 
Compt. rend. 1893, 116, 574), and as oxidising 
catalysts in organic preparations (Barbieri and 
Volpino, Atti R. Accad. Lincei, 1907, [v], 16, i, 
399), and as an ingredient of “ driers.” The 
oxides have been suggested for use in colouring 
glass (Chem. Ind. 1904, 27) ; in conjunction 
with manganese dioxide cerium compounds 
act in an opposite sense and decolorise glass 
(Loffler, Glashiitte, 1936, 66, No. 4, 63 1936). 
Cerium salts havo been employed as mordants 
in dyeing. Hide powder decomposes cerium 
salts, fixing tho element in the form of 
hydrated oxide. In the preparation of leather 
the hide partially reduces ceric sulphato or 
ceric ammonium nitrate, absorbing oxygen and 
yielding a good quality of leather which has a 
yellow tint and resists the action of water (Garelli, 
Atti R. Accad. Lincei, 1907, [v], 16, i, 532). 

In addition to cerous oxalate, other salts (e.g. 
hypopliosphate, and double ammonium citrate, 
tartrate, and lactate) have been utilised medicin- 
alljf in the treatment of sea-sickness and nervous 
disorders. Incandescent gas mantles contain 
about 1% of ceria and 99% of thoria (Meyer 
and Anschutz, Ber. 1907, 40, 2039). 

(For the detection and estimation of cerium, 
v. Chemical Analysis.) 

For a bibliography of cerium see Hirscli, 
J.S.C.I. 1912, 477. G. T. M. 

CERIUM METALS AND EARTHS. 
The Rare Earths. The so-called rare earths 
includo a series of basic oxides, very similar in 
physical and chemical properties, which are 
generally found associated in certain compara- 
tively rare minerals of complex composition 
(silicates, phosphates, titanates, columbates, 
tantalatcs, zirconates). 

It should be realised that taking the scries as 
n whole the rare earth metals are as plentiful 
in nnture ns cobalt, lead or zinc. Those of 
even atomic number are always more abundant 
than their nllics of odd atomic number. Certain 
of the latter are extremely rare. This difference 
between the odd and even series suggests that 
their stability is intimately related to their 
sub-atomic structures. 

The metals contained in these oxides may be 
divided roughly into two groups, named after 
tho minerals ccritc and ytterbite, in which the 
rare earths were first discovered. 


The eerite metals ( cerium group) are lanthanum 
cerium, praseodymiun neodymium, illinium, 
samarium, and europium. 

The ytterbite metals ( yttrium group, also re- 
ferred to as the lutecium group) include, 
gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium, and lutecium with 
scandium and yttrium as near allies. Three of 
these elements, europium, gadolinium, and ter- 
bium form an intermediate series (the terbium 
group) connecting the cerium metals with the 
remaining rare-earth metals of the yttrium group 
proper. Closely associated with these elements 
is the metal thorium. Zirconium and hafnium are 
sometimes included in the category of the 
metals of the rare earths, but differ from the 
elements of the cerium and yttrium groups in 
having definitely amphoteric oxides. 

Historical Summary. — In 1794 ytterbite, 
obtained from Ytterby near Stockholm, was 
shown by Gadolin, its discoverer, to contain a 
new oxide, to which Ekeberg subsequently gave 
the name yttria. From the Swedish mineral 
eerite, Klaproth, in 1803 (Sitz. Akad. Berl. 
1804, 155), isolated another new oxide which 
was called ceria by Berzelius and Hisinger 
(Ann. Chem. Pharm. 1804, 50, 245), who also 
examined it. Thoria was isolated by Berzelius 
in 1828 from the silicate thorite, found at Brevig 
in Norway. 

In 1839 Mosander isolated the oxides lanlhana 
and didymia (Annalen, 1839, 32, 235 ; 1842, 44, 
125) from eerite, and also effected a further 
separation from ytterbite of the earths erbia and 
ierbia (Phil. Mag. 1843, 23, 251 ; J. pr. Chem. 
1843, 30, 288). In 1878 Marignac separated 
from crude erbia a less basic colourless com- 
ponent which he called yilerbia ( Compt . rend. 

1878, 87, 578), and this fractionation was 
speedily- followed by Nilson’B discovery of 
scandia, the least basic of the ytterbite earths, 
and its identification as the oxide of the hypo- 
thetical ekaboron, predicted by Mendeleeff. In 
the same year Cleve effected a further separa- 
tion of the old “ erbia ” and found two new 
earths, namely thulia and holmia (Compt. rend. 

1879, 89, 478, 708). The doubt expressed by 
Marignac as to the homogeneity of didymia was 
shared by Delafontaine, on the ground of spectro- 
scopic evidence (Compt. rend. 1878, 87, 634), and 
substantiated by Lecoq de Boisbaudran (Compt. 
rend. 1879, 88, 323), who isolated from this 
earth the less basic oxide samaria. The didymia 
left after the removal of the last-mentioned 
oxide was still regarded as a mixture by Brauner 
(Monatsh. 1882, 3, 486 ; J.S.C. 1882, 43, 278), 
and in 1885 Auer von Welsbacb, by fractional 
crystallisation of the double didymium ni- 
trates of ammonium and potassium, succeeded 
in separating this earth into two components, 
which he named neodymia and praseodymia 
(Monatsh. 1885, 6J 477). Lecoq do Bois- 
baudran now showed that Cleve’s holmia 
was a mixture containing a new constituent 
dysprosia (Compt. rend. 1886, 102, 1003), 
the simple nature of which was afterwards 
confirmed by Urbain (ibid. 1904, 139, 736; 1905, 
141,521). 

Gadolinia, which had been recognised by 
Marignac in samarskite (ibid. 1880, 90, 899), 



512 CERIUM METALS AND EARTHS. 


was isolated in a more definite form by Lecoq 
de Boisbaudran (ibid. 1689, 108, 165; 1890, 111, 
409, 472), and by Bettendorf (Annalen, 1890, 
256. 169; 1891, 263, 164; 1892. 270, 376), 
and further purified by Demarpay and by 
Urbain and Lacombe. Further researches by 
Demarpay on Cleve’s samaria led to the isolation 
of europia (Compt. rend. 1896, 122, 728), an earth 
provisionally symbolised as Z and afterwards 
ishown to be identical with oxides indicated 
by the gjmbols Z r and Zf (Lecoq de Boisbau 
dran, «6id. 1892, 114, 575; 1893, 116, 011, 674) 
and SS (Crookes, ibid. 1835, 100. 1380, 1495; 
Proc. Roy. Soc. 1885, 38, 414). 

Terbia, which occurs only in email amount 
In ytterhite, has been isolated in a purified 
state by Urbain, and Mangnac's ytterbia 
(I.c.) has Leen fractionated by Auer von IVels- 
bach (Monatsh. 1906, 27, 935), and separated 
into two components, neoytlerbia and luteeia, by 
Urbain (Compt. rend. 1907, 145, 759), the former 
name has since been shortened to ytterbia 

Occurrence (v. “Daa V orkommen der seUenen 
Erden,” Schilling, 1904 ; Phipson, Chem News, 
1896, 73, 145). The following is a short descrip- 
tion of the most important sources of the rare 
earths ; 

(For details concerning the various minerals, 
tit under their respective headings.) 

(1) Minerals containing chiefly Cerium Earths. 

Cents (q.v.) (also known as ochroite, cerente, 

cennstein. 

Orthite (allamte, bodenite, cennc, muromont- 
ite, pvrorthite, tautolite, uralorthite, wasite), 
a double silicate of aluminium and the cerium 
metals (16-25%), together with smaller quanti- 
ties of thorium, iron, calcium, and the yttrium 
metals ; found in Greenland, Scandinavia 
(Arendal, Hitterbe, Stockholm), United States 
(New York, North Carolina, Pennsylvania, 
Virginia, Texas), Ural Mountains (Miask), and 
in several localities in Germany. 

Mcmazite (cryptohte, edwarsite, eremite, 
mcngite, tumente), an orthophosphate of the 
eenura metals (Ce, La, Nd, PrpPO,, con- 
taining 40-70% of these elements together 
with varying amounts of thonum (0-18%) ; 
It occurs in the plutonic and older volcanic 
rocks, and in the alluvial sands of the rivers and 
coasts of Brazil, North and South Carolina, and 
Travancore, in the Federated Malay States, 
Ceylon and Nigeria, etc. 

sEschymte. — A complex columbate-titanate, 
containing approximately equal proportions 
(13-23%) of thorium and the cerium metals, 
together with a small proportion of the yttrium 
group, found at Hittero (Norway) and Miask 
(Ural Mountains). 

(2) Minerals containing chiefly Yttnum Earths. 

FWerbt/e (gadolimte), a basic silicate con- 
taining yttnum earths (40—18%) and cerium 
earth* (5-1 0%), together with glucinum 
(beryllium) and iron ; found in Colorado, 
Germany (Harz Mountains and Silesia), Scan 
dmavia (Fahlun, Hittero, Ytterby), and Texas. 

l'Mrialile, a silicate of the yttrium metals 
(43-47%), thorium (19-12%), and cerium metals 
,(5-8%), found in Texas. 


Aenolime, a phosphate of the yttrium metals 
(54-64%), corresponding with monazite ; it 
contains also smaller amounts of the cerium 
metals and thorium ; found in Brazil. North 
Carolina, Georgia, Norway, Sweden, and Shi^ 
land. 

The following minerals contain the jttnum 
earths and smaller quantities of thona and the 
cerium earths united with varying propor- 
tions of the more acidic oxides of columbmtn 
(niobium), tantalum, titanium, tungsten, tin, 
uranium, silicon, zirconium, and hafnium. 

Fergusontte (bragite, kochelite), found ui 
Ceylon, Greenland, Arendal, Ytterby, Massj. 
chusetts. North Carolina, and Texas 

Yttrotantalile, found in Norway, Sweden, and 
the Ural Mountains. 

Samarskiis (nohhte, vietinghofite, ytteroil- 
memte), found in Canada, Connecticut, North 
Carolina, and Ural Mountains (Miask) 

Polycrase, found in Canada, Scandinavia, sod 
North and South Carolina. 

Euxende (loranskite), found m North Carolina, 
Norway (Hitteroe, Brevig), and Swaziland 

Many other rare complex minerals (fluorides, 
zircono-silicates, titanates, col um bates (mo- 
bates), tantalates, uranates, etc ) contain con- 
siderable amounts of the rare earths, which are 
also not infrequently found in small quantities in 
commoner minerals (e g. limestones, apatite*, 
scheelrtes, etc ) Traces of the rare earth metals 
have been detected in mineral waters, in the 
ashes of plants, in urine, and in bone ash. 

Extraction of the Bare Earths — The finely 
powdered mineral, made into a paste with 
concentrated sulphuric acid, is heated until the 
mass becomes dry and hard. The product is 
extracted with water, the solution treated with 
hydrogen sulphide to remove copper, bismuth, 
molybdenum, etc., and the metals of the rare 
earths precipitated as oxalates by the addition of 
oxalic acid The oxalates are decomposed at 
400°, the residual oxides dissolved m dilute 
sulphuric acid, and the solution saturated with 
sodium or potassium sulphate, when the double 
sulphates of the cerium metals are precipitated 
whilst those of the yttrium metals remain 
dissolv ed 

The complex minerals containing 'niobium 
(columbium), tantalum, titanium, etc., may be 
deeotnpoBed by hydrofluoric acid, when the 
foregoing elements form soluble fluorides, whilst 
the fluorides of the rare earth metals are preci- 
pitated. Or these minerals may be broken Up 
by heating with strong sulphuric acid or potas- 
sium hydrogen sulphate and the rare earths 
precipitated by ammonia from the solution of 
their sulphates. These hydrated oxides are 
freed from the eo precipitated niobium (colum- 
bium), tantalum, and titanium bjdroxides 
by prolonged boiling with nitric acid, when tbs 
latter hydroxides separate in an insoluble form. 
The rare earths are precipitated as oxalates 
from their solution in nitnc acid, the oxalates 
ignited, and the resulting oxides subjected 
again to the mtnc acid treatment until a 
complete separation is effected. Or the minerals 
may be heated in the vapour of sulphur raono-_ 
chJonde, SjCI t> or carbonyl chloride, COCI,, 
when the chlorides of niobium (columbium). 
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tantalum, titanium, etc., are volatilised, and the 
rare earth metals are converted into non-volatile 
chlorides (Hicks, J. Amer. Chem. Soc. 1911, 33, 
1492 ; Barlot and Chauvenet, Compt. rend. 
1913, 157, 1153). 

The methods of separating and purifying the 
rare earths, which are further described under 
the appropriate headings (». Cerium) may be 
divided into the following two classes : 

(1) Separations based on differences of 
basicity. 

(а) The fractional precipitation of the earths 

with bases of varying strengths : am- 
monia, caustic alkalis, magnesium 
hydroxide, organic bases. 

(б) The fractional decomposition by heat of 

the solid nitrates and other salts. 

(2) Separations based on differences of solu- 
bility. 

Considerable ingenuity has been shown in 
separating the metals of the rare earths by 
taking advantage of the slight differences of 
solubility exhibited by their salts with acids of 
widely different types. The following series 
docs not exhaust the list of the compounds which 
have been utilised in these intricate separa- 
tions : sulphates, double sulphates, nitrates, 
double nitrates, chromates, bromates, formates, 
oxalates, succinates, ethyl-sulphates, acetyl- 
acetonatcs, dimethyl-phosphates, glycollates, 
and sulphanilates (c/. James, J. Amer. Chem. 
Soc. 1912, 34, 757). 

The progress of these separations is con- 
trolled by chemical and physical methods. 

(1) The chemical control consists in deter- 
mining the equivalent of any fraction either by 
a gravimetric analysis of its sulphate (Kriiss, 
Z. anorg. Chem. 1893, 3, 44 ; Wild, ibid. 1904, 
38, 191 ; Brill, ibid. 1908, 47, 464 ; Jones, 
ibid. 1903, 36,92 ; Brauner and PavHcck, J.C.S. 
1902, 81, 1243), or by’ a volumetric analysis of 
its oxalate (Feit and Praibydla, Z. anorg. Chem. 
1905, 43, 202). 

(2) The physical methods consist in observing 
the magnetic susceptibility of the fractions and 
their spectroscopic characteristics. The rare 
earths differ considerably in magnetic suscepti- 
bility ; and determinations of its amount arc 
readily made by the magnetic balance of Curie 
and Chereveau (Urbain, Compt. rend. 1908, 146, 
400, 922; 1908, 147, 1280; 1909, 149, 37; 1910, 
150, 913 ; 1911, 152, 141 ; 1914, 159, 323). 

The most convenient spectroscopic con- 
trols are (i) the absorption spectra, exhibited by' 
solutions of the salts of many rare earths ( e.g . 
neodymium, praseodymium, samarium, terbium, 
erbium, thulium, dysprosium, and europium) ; 
(ii) the nrc spectra, in which all the rare earths 
give characteristic lines both in the visible and 
ultra-violet regions of the spectrum. Carbon 
electrodes are employed, the lower one con- 
taining a hollow in which is placed the salt under 
examination. The arc spectra are photographed 
and the lines identified by comparison with the 
known wave-lengths in the photograph of an 
iron spectrum taken under similar conditions. 
The method is extremely sensitive, although 
not equally so for different elements (r. 
Chemical Analysis and Exnerand Hascheck, 

Vol. II. — 33 


“Die Wellenlangen der Bogenspektra,” 1904-; 
and Hagenbach and Konen, “Atlas der 
Emissionspektren der meisten Elemente,” 
1905). Other emission spectra (the flame, 
spark, and cathode luminescence spectra) 
have been found to give useful indications in 
certain cases (Crookes, Phil. Trans. 1883, 174, 
[3], 891 ; Proc. Roy. Soc. 1885, 38, 414 ; 1886, 
40, 77, 236, 502 ; Chem. News, 1886, 54, 39. 54, 
63, 76, 155 ; 55, 83, 95 ; 56, 59, 62, 72, 81 ; 
J.C.S. 1889, 55, 255 ; Proc. Roy. Soc. 1899, 
65, 237 ; Lecoq de Boisbaudran, Compt. rend. 
1885, 100, 1437 ; 101, 552, 558 ; 1886, 102, 
153, 899, 1536 ; 103, 113, 627 ; 1887, 105, 

258, 301. 343. 784 ; 1890. 110, 24, 67 ; 

Bettendorf, Annalen, 1892, 270, 376 ; Baurand 
Marc, Ber. 1901. 34, 2460). 

The magnetic susceptibilities of rare-earth 
metals with anomalous valencies throw some 
light on the electronic structure of the metallic 
ions. Advantage is taken of the large para- 
magnetism of the metals and their salts. 
S. Mey’er made susceptibility determinations 
of quadrivalent cerium and praseodymium 
(Physikal. Z. 1925, 26, 51, 749), and later 
observers have examined compounds of bivalent 
samarium, tervalent gadolinium, and both bi- 
and tervalent europium and ytterbium (Klemm 
el a!., Z. anorg. Chem. 1928, 176, 181 ; 
1929, 184, 352 ; Selwood, J. Amer. Chem. Soc. 
1933, 55, 4869 ; 1934, 56, 2392 ; Hughes and 
Pearce, ibid. 1933, 55, 3277). These determina- 
tions indicate that the susceptibility of a quadri- 
valent rare earth metal ion approaches that 
of the ion of a tervalent metal ion with one less 
atomic number, whereas the susceptibility of a 
bivalent rare earth metal ion approaches that 
of a tervalent metal ion with an atomic number 
greater by one. These regularities indicate the 
movement of valency' electrons in and out of the 
4 4 orbital quantum group. These magnetic 
susceptibilities when accurately determined afford 
a very exact means of analysis since the mag- 
netic susceptibilities of mixtures of rare earth 
compounds are additive. 

Physical and Chemical Properties or the 
Rare Earths and their more Impor- 
tant Compounds. 

Hydrides. — The rare earth metals combine 
directly at 220°-270° with hydrogen to form 
brittle amorphous solids ranging in colour from 
bluish-black (Ce and La), indigo blue (Nd), to 
green (Pr), and readily dissociated at higher 
temperatures (Muthmann, Kraft and Beck, 
Annalen, 1902, 325, 261 ; 1904, 331, 581). 

Oxides and Hydroxides. — The metals of the 
rare earths were formerly supposed to be diads 
(c/ : Wyrouboff, Bull. Soc. chim. 1889, [iii], 2, 
745; 1899, [iii], 21, 118 ; Compt. rend. 1899, 128, 
1573), but they are now regarded as mainlv 
tervalent elements forming oxides of the typo 
R;0 3 , although cerium, neodymium, prase- 
odymium, and terbium are capable of yielding 
higher oxides. The more stable oxides of thorium 
and zirconium are of the form RO : . Later 
researches have shown that samarium, europium, 
and ytterbium have definite derivatives in 
which they behave as bivalent elements. 
There is al-o less conclusive evidence that lower 
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valency compounds cxivt in the ca«es of 
lanthanum, gadolinium. thulium, and lutecium 
The present view that the metals of the rare 
earths hate a characteristic group v aleney of 
3 i' supported by the following facts . 

(i) The isomorphism of bismuth nitrate and 
certain nitrates ot the rare earth senes (Bodnvan, 
Ber. ISOS, 31. 1237). 

(u) The cryoscopic. anil ebulliosropie deter 
imnatinii of the molecular weights of the 
chlorides and acct\ lacctonatcs (Ber. 1803, 31, 
1829 ; Compt. rend. 1901, 133, 289 ; Annalen, 
10W, 331, 334) ; these salts are thus found to 
have the general formula RX S . 

(in) The electrical conductivity of the chlor- 
ides and sulphates in aqueous solution (Z 
physikol. Chem, 1899, 30, 193 , Amer Chem J. 
1898, 20. COO). 

(tv) The specific heats of cerium, lanthanum, 
and didymium (Annalen, 1873, 168, 45 , Ber. 
1881, 2321 ; Bull Soc. chim 1882, [2], 38, 
139). 

The rare earth oxides xary considerably in' 
basic power, lanthaua, praseody inia, neodynna, 
and cena, Ce,0 3 , being the strongest ; whilst 
y ttcrbia, lutccia, scandia, and cerium dioxide j 
are among tho weakest bases of the senes. In 
general, tho oxides (RjO,) of the cerium metals 
are stronger Lises than those of the yttrium 
group. 

The order of decreasing basicity is that of 
increasing atomic number from lanthanum, 
at. no. 07, to lutecium, at no 71. Lanthanum 
hydroxide is the strongest te. valent base known, 
bring 1,300 times more basic then yttnum 
hydroxide If the litter metal of atomic 
number 39 i» included in the rare earth sequence 
it would form nn exception, for Hopkins (J. 
C'hcm Educ 1936, 13, 303) places it between 
illinium (at no Cl) and samarium (at no 62), 
vhorcis Entires (7. anorg Chem 1932,205,321) 
places it between gadolmmm (at no C4), and 
dysprosium (at no GO) 

The hydroxides are thrown out of solution ns 
gelatinous precipitates b\ ammonia, ammonium 
sulphide, and the caustic alkalis, even in the 
presence of ammonium salts , but tins precipita- 
tion H preedited t>\ citnc or tartaric acid 
(except in the case of scandium). Unlike 
thorium and zirconium, the metals of the 
cerium, terbium, and yttrium groups are not 
precipitnted as Indrated peroxides from neutral 
solutions by hydrogen peroxide, but their per- 
oxides separate from alkaline solutions (Brauner, 
Ber. 1881, 14, 1DJ4 , Cleve. Bull. Soc. chim. 
lSSI.fuJ^S, 53) These peroxides are \ ery un- 
stable, evolving oxygen at even the ordinary 
temperature ; they arc completely destroyed by- 
acids (p. CeRU’m ; cf. MehkofT and I’issarjewski, 
Z. anorg. Chem. 1899, 21, 70). 

Chlorides. — The t blondes of the rare rarth 
metals are deliquescent salts readily soluble in 
water or alcohol, and crystallising from the 
former soli ent with 0 or 7 molecular proportions 
of water. The anhydrous chlorides, which arc 
fusible at red heat, but aery slightly volatile, are 
obtained either by evaporating their solutions 
to dryness with ammonium chloride and heating 
the double salt thus formed, or by heating the 
corresponding oxides with carbon in a stream 


of chlorine, or preferably by heating the oxide or 
dry sulphate in a current of sulphur chloride or 
carbonyl chloride or carbon tetrachloride 
(Matignon and Bourion. Compt, rend 1901, J33, 
289 ; 1902,134,057, 1303 ; 1904,138, 631 ; 1%;,, 
140, 1181, Muthminn and Stutzel, Ber. lS9o! 
32, 3413 , Petterson, Z anorg. them I893’ 
4, 1 , Chauieret, Compt rend. 1911. 152.87)’ 

A comprehensive senes of chloudes, bromides, 
and iodides of the rare earth metals has been 
prepared by Jantseh and collaborators (1929- 
1932) who have determined the melting points 
of these halides. In the first half of the group, 
the chlorides have the highest melting points, 
whereas in the second halfit is the iodides which 
are least fusible. This difference suggests a 
variation in the space lattices of the two sets 
of halides. 

The chlorides of the rare earth metals com- 
bine additively with ammonia and organic ba«cs 
(eg pyridine ; cf Compt rend 1905,140,141 ; 
J. Amer Chem Soc. J902, 24, 540; 1993,25, 
1128 , Ber 1902, 35, 2622), and exhibit a great 
tendency to form double 6alts with the lew 
electropositive metals The platmichloridcs of 
the cerium metals are isomorphou9 and crystal 
lisc in regular octahedra (Ber. 187C, 9, 1722 , 
Annalen, 1878, 191,331). 

Fluorides. — The rare earth metals, jnchidirg 
thorium, aie precipitated completely as gcli 
tinous fluorides by soluble fluoride's and by 
hydrofluoric and fluosiliric acids, in tins respect 
differing from zirconium, which forms a soluble 
double fluoride 

Nitrides. — The rare earth metals when 
heated combine directly with nitrogen to form 
nitrides of the type M:N. They urc brittle 
amorphous solids, decomposed by moist air 
or by water, forming ammonia and the corre 
spondmg hydroxide. 

Nitrates.— The nitrates of the rare cirth* 
dissolve readily in water or alcohol, those of tho 
cerium group crystallising with C molecular 
proportions of water, whilst the cot responding 
salts of the yttrium group contain 3-6 muls 
of water The cerium metals readily furnish 
( stable crystalhsabjo double nitrates with the 
nnivafcnt and bivalent metafs (ammonium, 
sodium, magnesium, etc ). 

With a view to facilitating tho separation 
of these closely allied metah, Newton Friend 
has studied (1928-1935) the solubilities of th» 
nitrates, double magnesium nitrates, and 
selemtes of lanthanum, praseodymium, and 
neody mmm. 

Sulphates. — The rare earths dissolve in 
dilute sulphuric acid, and the solutions deposit 
hydrated sulphates containing frequently 4. 8, 
or 12 mols of water. The octahydratcd sul- 
phates of praseodymium, neodymium, yttnum, 
gadolinium, and 'ytterbium are womorf boui 
(monoelmic) ; but the ceroui salt 
Ce 2 (SO { ),.8HjO 

is rhombic. With excess of acid, the nornui 
sulphates of the rare earths are converted 
into acid sulphates of considerable stability 
(Bull. 8o(, chim. 1889, [3], 2, 745; Compt 
rend. 1902, 134, 657 ; Z. anorg. Cl tin- 
38, 322 ; J.C is. 1902, 8l, 1243 ; 
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and Holden, J. Amer. Chem. Soe. 1913, 35, 
559). 

The sulphates of the rare earths have the 
characteristic property of combining with the 
alkali sulphates ; the double sulphates of 
the cerium group are only sparingly soluble in 
concentrated solutions of the alkali salts, whilst 
those of the yttrium group are readily soluble. 
The double sulphates of the terbium group 
occupy an intermediate position, being moder- 
ately soluble in solutions of alkali sulphates. 

The variable valencies of the rare earth 
metals have proved very useful in rendering 
possible methods of separation between any one 
of the elements and its neighbours. The 
quadrivalency of cerium (c/.) has long been 
utilised in separating this metal from the other 
elements of its sub-group. More recently the 
bivalency of the rare earth metals has been 
utilised, for when the lower valency is effective 
the solubilities of the sulphates resemble those 
of strontium and barium (Jantsch, 1929). 
This observation has been utilised in separating 
europium from other rare earth metals by 
electrolytic reduction in presence of the sul- 
phate ion (Yntema, 1930). A solution of the 
oxides of samarium, europium, and gadolinium 
in hydrochloric acid was added to dilute sul- 
phuric acid and electrotysed in a divided cell 
with mercury cathode and platinum anode. 
Colourless europous sulphate, EuSO,, separated 
at the cathode and showed only a trace of 
samarium, thus achieving one of the most 
difficult separations in inorganic chemistry. 
With less than 2% of Eu 2 0 3 , co-precipitation 
with the isomorphous strontium sulphate is 
helpful. The method gives good yields of 
europous Bulpliate of high purity. Similarly, 
ytterbium can be separated from yttrium, 
erbium, and thulium by electrolytic reduction 
to ytterbous sulphate, YbS0 4 ,xH,,0, a light 
green salt. The method also serves to separate 
ytterbium from lutecium (Pierce, 1934). The 
tendency to form these bivalent sulphates 
decreases in the order europium, ytterbium, and 
samarium. The case with which europium is 
reduced to the bivalent condition forms the 
basis of a rapid procedure for the complete 
separation of this clement from its allies. A 
solution of rare earth chlorides rich in ouropium 
(70%), the remainder being neodymium, sama- 
rium, and gadolinium, was reduced with amal- 
gamated zinc and concentrated hydrochloric 
acid, the progress of reduction being ascertained 
by the fading out of the absorption band 
(A5253) due to europium. Excess of hydro- 
chloric acid was then added, when colourless 
europous chloride dihydrate, EuC! 2 ,2H 2 0, 
separated in 90% .yield (McCoy, J. Amcr. 
Chcm. Soc. 1937, 59, 1131). 

Carbides of the rare earth metals may be 
prepared by heating the oxides with carbon in 
the electric furnace. They have the general 
formula MC,. They are brittle, crystalline 
solids, transparent in thin layers and of a yellow 
colour. They are decomposed by water, forming 
a mixture of acetylene, hydrogen, ethane, and 
ethylene, and the hvdroxido of the metal 
M(OH)j. 

Carbonates. — Ammonium, sodium, and 
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potassium carbonates precipitate the neutral 
or basic carbonates from' solutions of the rare 
earths ; but these precipitates are soluble in 
excess of the reagents, and from the solutions 
thus obtained, crystalline double carbonates 
are deposited on evaporation. The carbonates, 
of the yttrium metals are generally more soluble 
than those of the cerium group in solutions of 
the alkali carbonates. 

- Oxalates. — The rare earth oxalates are 
precipitated by oxalic acid or soluble oxalates 
in neutral or acid solutions, and the sparing 
solubility of these compounds in acids is a 
characteristic property which serves to separate 
the rare earths from other metallic bases (Ber. 
1898, 31, 1718 ; 1899, 32, 409). 

The oxalates of the rare earths proper dis- 
solve only slightly in ammonium oxalate, 
differing in this respect from the oxalates of 
thorium and zirconium, the latter being also 
soluble in free oxalic acid (Brauner, J.C.S. 
1898, 73, 951). Aqueous ammonium acetate 
dissolves the oxalates of the yttrium group 
(Bull. Soc. chim. 1896, [iii], 15, 338). 

Formates. — The formates of the cerium 
group are less soluble than those of the yttrium 
group. These salts have proved useful in 
separating the elements of the terbium group. 

Acetates.— The acetates of the cerium group 
are very soluble and crystallise with difficulty ; 
those of the yttrium group are less soluble. 
Boiling with sodium acetate precipitates zir- 
conium and thorium from solutions of their 
soluble salts, but not the rare earths proper, 
excepting cerium from ceric salts (Ber. 1902, 35, 
672). 

Acetylacetonates. — Acctylacetone fur- 
nishes well- crystallised salts with the rare earths, 
and the fractionation of these compounds from 
alcohol has served in the separation of the 
yttrium group (Urbain, Compt. rend. 1897, 124, 
618 ; Bull Soc. chim. 1897, [Hi], 17, 98 ; Ann. 
Chim. Phys. 1900, [vii], 19, 184 ; Biltz, Annalen, 
1904, 331, GO ; Z. anorg. Chcm. 1904. 40, 
218 ; Hantzsch and Desch, Annalen, 1902, 
323, 26 ; Biltz. ibid. 1904, 331, 334 ; 'James, J. 
Amer. Chem. Soc. 1911, 33, 1332 ; Morgan and 
Moss, J.C.S. 1914, 105, 1S9). 

Dimethyl Phosphates. — A solution of the 
rare earths is made in dimethyl phosphoric acid, 
the temperature raised, and the precipitate 
collected ; additional fractions are obtained by 
evaporating the mother liquor. In the case of 
a material containing gadolinium with just 
sufficient terbium to colour the oxide orange- 
brown, the gadolinium collects in the most 
soluble fraction, and the terbium in the least 
soluble. Lanthanum, cerium, praseodymium, 
and neodymium are left in the mother liquor. 
The samarium, europium, and gadolinium salts, 
which are much less soluble than these, but more 
soluble than those of terbium, dysprosium, and 
holmium, erbium, thulium, yttrium, and ytter- 
bium, collect in the least soluble fractions 
(Morgan and James, J. Amer. Chem. Soc. 1914. 
36, 10). 

Catechol Derivatives. — On adding catechol 
and alkali successively to solutions of the rare 
earth salts amphoteric compounds of the general 
type H0R(0-C 6 H 4 -0H) 2 are deposited. These 



CERIUM METALS AND EARTHS. 


disaolre in acetic acid to frystalLi sable acetates 
(I) and in ammonia or alkali hj droxides to form 

C,N,<°>nOACij^C,H,<:°>| r]m. 


I. 


II. 


the complex salts (II), where R = La, Ce, Pr 
or Nd; and M = Na, Kor NH 4 Of the latter 
substances the cenum derivative is noteworthy 
since it dissolves in concentrated ammonia to a 
violet solution which on boiling deposits crystals 
of an intense violet colour (Fernandes, Gazzetta, 
1920. 56, 632). 

The Metals of the Bare Earths — The oxides 
of the rare earths are very refractory substances, 
which have not been reduced directly ; the 
metals are generally set free from the anhydrous 
chlorides. This reduction may be effected w ith 
sodium or potassium, but is preferably carried 
out electrolvtically. The dry chlorides, mixed 
with a small proportion of alkali chloride, or 
bnnum chloride, are electrolysed in a copper 
crucible, fitted with carbon electrodes, the 
electrolysis being earned out with a current of 
30—10 amps, and 22-15 volts The mixed 
metal collects in a molten state round the 
cathode, which passes through the bottom of the 
crucible. The anode is movable, so that the 
resistance and therefore the temperature can 
be increased until all the separated metal melts 
together A yield of 750 g of metal can be ob- 
tamed with a current of 120 amps in 6 hours 

Electrolysis of the chlorides in alcoholic 
solution with a mercury cathode leads to an 
amalgam of the rare earth element which when 
heated to 1,000° leaves a residue of the metal 
Amalgams having the general formula RHg 4 
have been insolated where R = La, Ce, Pr or 
Nd (1931) With the exception of the fore- 
going first four members of the series these 
metals are stable in dry air but in presence of 
moisture corrosion occurs m all cases 

With the mixed chlondes, prepared from the 
waste oxides of the thoria manufacture, the pro- 
duct is the so-called “ mischmetal ' (Ce, 45% , 
La. Nd, Pr. 35% ; Sm, Er, Gd, Y, 20%). 
w.bir.b. has. been. umvL, bke aJjimmwwn. uj. ‘.be 
Goldschmidt process (“ thermite ’), to effect the 
reduction of the refractory oxides of molybde 
rum, \anadium, niobium ((olumbium) and 
tantalum (Muthmann, Hofer, and Weiss, 
AnnaJen, ] 902, 320, 331 , 1904, 331, 1 , 2905. 
337, 370). 

Bibliography of the Rare Earths — Rohm, 
“Darstellung dcr aeltenen Erden ” , Browning, 
*' Introduction to the Rarer Elements” . Abegg, 
“ Handbuch der Anorgamschen Cherne," \ol 
III, Part I i Hmfcld and Korn, “Chcmieder 
seltenen Erden” ; Wyrouboff and Virncuil. 
“ La Chimiedca Trrres Hares ” , Annual Reports 
of Chemical Society, 1936, The Hare Earths 

G T M 

CEROSIG. A wax dcnicd/roftisiitrarcane 

CEROS1LINE. A wax obtained from the 
palm tree Cerorylon amhcoluni Humli. and 
Uonpl. 

CEROTENE, C !7 H SI . A crystalline hydro- 
carbon, m p 63°, found by Konig and Kicsow i 
(Ber. 1873, 6, 500) associated with cholesterol in I 


the fat wax of hay and straw, and detected bv 
K-necht and Hib’bert m ordinary household 
chimnev soot (Mem. Manchester Phil. Soc. 19H 
58,r2].l). 

C EROTIC ACID, CjgHjj-COjH, is found 
free in beeswax (Brodie, Phil. Trans. 1848, 1 
147 , Mane, Ann Chim. Phys. 1896. [ni]! 7) 
145) and in the dry spores of Aspidmm fhz 
was and Asplenium fhx femina (Iuesel, Ber. 
1925, SB, [B], 1386) ; also found among tbs 
products of hydrolysis of wool fat (Grassow, 
Biochem. Z 1924, 148, 61) ; as eery! cerotah 
in insect wax (Brodie, I.c. ; Hennques, Ber 
1897, 30, 1415) ; m Chinese wax (Gascard, 
Compt. rend 1920, 170, 1326); in the heavy 
deposit from sunflower oil, originating in the husk 
of the sunflow er seeds, 30 kg. of the oil yielding 

0 14% of the wax (Bareuther, Chem. Umschan. 
1923, 30, 117) Cerotic acid has been synthesised 
by Bleyberg and Ulrich (Ber. 1931. 64. (BJ, 2504) 
who record the m.p. 87 7°-87 9°, other \alucs 
are 82°-82 5° (Gascard, l c.), 85°-85 5° (Kicsel, 
2c) The anhydride has mp 893°-895°, the 
ethyl ester mp 59 5°-59 8° (Blvberg and Ulrich, 
le), the ceryl ester mp. 84° (Gascard, Ir), 
the menthyl ester m.p. 43°. the phenyl ester 
mp 43°, the anilide ru.p. 97° (Grassow, It), 
the thallous salt is an enantiotropic crystalline 
liquid having mp 125° and 1I3°-I14° (Walter, 
Ber 1926. 59, [B], 962). 

C E ROT I N. Ceryl alcohol, C X; H U0 , m.p 80°. 
The alcohol obtained by hydrolysing insect wax. 

CERULETN v. Alizarin and Allied 
Dyestuffs 

CERULIGNOL r Beech Tar. 

CERUSSITE. Natl vo lead carbonate 
(PbCO,), of some importance as an ore of lead 
(Pb, 77 5%), being known ns white lead ore 
It crystallises in the orthorhombic system and 
is isomorphous with aragonite (CaCO,) and 
w ithente (BaCO,). Six-ra>ed Btellate groups 
0/ twinned crystals are extremely characteristic 
The crystals possess an adamantine lustre, are 
very heavy (sp gr. 6 5), and effervesce with 
dilute acid , they are \ ery brittle, breaking with 
a bright conchoidal fracture , hardness, 3-3) 
The mineral occurs m the upper oxidised zones 

1 of, 'Amt* of, 'and. *sta , baovnig he «n. fjtr.mrA. h»; tJi*. 
action of carbonated surface waters on galena 
Enormous deposits of cerussite intermixed with 
embolite (silver chloro-bromule) and lodynte 
(silver iodide) have been extensively mined *t 
Broken Hill in New South Hales, where none 
of the oxidised ore now remains. Intimately 
mixed with hemimorphite (hydrated zinc sili- 
cate), it is abundant at Broken Hill in Northern 
Rhodesia. At both of these localities many 
finely crystallised specimens have been found ^ 

CERVANTITE t. Antimony. 

CERYL ALCOHOL®. CeroTIV 

CETIACOL. palmiaeol. An insoluble 
guaiacol preparation used as an antiseptic. It » 
py rocatechol methyl cetyl other. 

CET1NE. A purified ajicrinaceti It w 
tctyl jnlmitatc 

CETOSALOL, ealophen, acetyl p ammo 
phenyl saliey late, 

HO C 4 H 4 CO,C 4 H 4 -NHAc. 
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CETYL ALCOHOL, 

CH 3 -[CH 2 ] 161 -CH 2 OH, 
occurs as cetyl palmitate in spermacete. 

CETYLM ALON 1C ACID, 

CH 3 tCH 2 ] i; CH (C0 2 H) 2 . 

Prepared by hydrolysing a-cyanostearic acid 
(Hell and Sa'domsky, Ber. 1891,24, 2781), or from 
ethyl sodiomalonate and cetyl iodide (Guthzeit, 
Annalcn, 1880, 206, 357); m.p. 121-5°-122°. 

CEVADILLINE, CEVAD1NE Alkaloids 
of the Veratrum Group. 

CHAI LLETI A TOXICARIA Don. A 
plant found in Upper Guinea, Sierra Leone, and 
Senegambia, the seeds of -which contain a 
poisonous resin used for killing rats and other 
animals (Power and Tutin, J. Amer. Chem. Soc. 
1906, 28, 1170). 

CHAIRAMIDINE, CHAIRAMINE are 

Cinchona Alkaloids. 

CHALCANTHITE. Native copper sul- 
phate, CuS0 4 ,5H 2 0, found as a bright blue 
efflorescence, or rarely as distinct trielinic 
crystals, in many copper mines, being especially 
abundant in some of the Chilean mines. In 
solution it is always present in the waters issuing 
from copper mines ; these are allowed to flow 
over scrap iron, the copper being precipitated 
as cement-copper. About 100 tons of copper 
have been so saved annually from the waters of 
the Rio Tinto mine in Spain, and considerable 
amounts were formerly obtained from the mine 
waters in Co. Wicklow. L. J. S. 

CHALCEDONITE v. Chalcedony. 

CHALCEDONY. A native form of silica 
occurring as reniform, botryoidal, or stalactitic 
masses lining and filling cavities in rocks. It 
is usually greyish or creamy-yellow in colour, 
and has a characteristic waxy lustre with a 
certain degree of translucency. It possesses a 
minutely fibrous structure, the fibres being 
arranged perpendicularly to the concentric 
banding of the material. The optical character 
and orientation of the fibres is variable ; and 
based on these differences French authors have 
distinguished several forms of silica under 
special names (quartzine, lutecite, lussatite, 
chalcedonite, and pscudochalcedonite). The 
physical characters of the mineral approach 
those of quartz, but with slightly lower values ; 
sp.gr. 2-57-2-64 ; hardness 61-7 ; uni 1-5325, 
1-5435. Analyses show, in addition to silica, 
the presence of variable amounts of impurities 
(iron oxides, nlumina, etc.), and on the average 
about 1% of water. The water is probably 
present as adsorbed water held between the 
fibres ; and its presence supports the idea that 
the mineral was deposited in a colloidal form 
as hydrated silica, and that it afterwards 
passed into minutely crystalline quartz. 
The name “ en hydros ” is given to hollow 
nodules of chalcedony containing water and an 
air bubble which is visible through the semi- 
transparent wall. Depending on the nature of 
the impurities present (and partly also on the 
state of aggregation of the material) the mineral 
may be of various colours, and on these differ- 
ences are based several trivial varieties which are 
used ns semi-precious stones. Cornelian owes its 
red colour to ferric oxide, and sard its brown 


colour to hydrated ferric oxide ; sard passes over 
into carnelian when ignited. The apple-green 
colour of chrysoprase is due to nickel silicate and 
the dark green of plasma to an iron silicate. 
Heliotrope shows blood-red spots on a dark green 
ground. Smoke-grey flint passes imperceptibly 
into more typical chalcedony. In agate 
differently coloured layers are banded together 
in the same stone. The uses of chalcedony are 
the Bame as those of agate (g.v.). On the 
artificial colouring of chalcedony, v. Agate. 

L. J. S. 

CHALCOPYR1TE or COPPER - 
PYRITES (Ger. Chalkopyrit, Kvpferkies). 
A sulphide of copper and iron, CuFeS 2 , contain- 
ing when pure 34-5% of copper, and the most 
important of the ores of copper. It has a 
characteristic brassy-yellow colour with metallic 
lustre, and on the surfaces often displays a 
brilliant iridescent tarnish (peacock-copper-ore). 
It often occurs together with, and intimately 
intermixed with, iron-pyrites, from which it can 
be distinguished by its deeper colour and lower 
degree of hardness ; copper-pyrites (H. 3J-4) is 
readily scratched with a knife, giving a greenish- 
black powder, whilst iron-pyrites (H. 6-6J) is 
scratched only with difficulty or not at all. 
It occurs in mineral-veins and in bedded 
deposits, and b}- its alteration gives rise to many 
secondary copper minerals. Crystals are tetra- 
gonal with inclined hemihedrism and complex 
twinning, but only rarely are they distinctly 
developed ; sp.gr. 4-2. L. J. S. 

CHALCOSINE, CHALCOCITE, or 
COPPER-GLANCE (Fr. Chalcosine, Ger. 
Chalkosin, Span. Chalcosiva). Native cuprous 
sulphide, Cu 2 S, crystallising in the ortho- 
rhombic system. Excellent twinned crystals 
were formerly found in some abundance in the 
neighbourhood of Redruth in Cornwall (hence 
the name redruthitc) and Bristol in Connecticut ; 
usually, however, the mineral is found ns com- 
pact masses. It is iron-black with metallic 
lustre, but, on exposure to light, it soon becomes 
dull with a powdery black coating. It is soft 
(H. 21) and sectile, and can be readily cut 
with a knife ; sp.gr. 5-7. It is of wide distri- 
bution in veins of copper ore, and is often of 
importance as an ore, especially when it contains 
small amounts of silver. Frequently it occurs 
intimately intergrown with other copper sulphide 
minerals — cbalcopyrite, bomite, and covelline. 

A cubic modification of Cu 2 S is stable above 
91°C. Several varieties of chalcosine have been 
distinguished by metallographic methods. A 
lamellar structure is token to indicate that the 
mineral was originally deposited in the cubic 
form at a temperature higher than 91°, which 
on cooling changed over into a twinned aggregate 
of orthorhombic crystals. Distinctly formed 
paramorphs with cubic outlines (as with leucite) 
arc, however, not known. 

The name chalcosine (F. >S. Beudant, 1832) was 
changed to chalcocite by J. D. Dana (1868) 
without sufficient reason, the letter c here having 
three different values. 

Isomorphous with chalcosine is the mineral 
stromeycrUe (Ag,Cu) 2 S, which has been found 
in considerable quantities in the Altai Moun- 
tains in Siberia. L. J. S. 



CIULCOSTIBITE. 


CHALCOSTIBJTE or WOLFSBEBG- 
ITE. A mineral of the composition 
Cu I SSb,S 3 =CuSbSj. 
found as small orthorhombic crystals at Wolfs- 
berg in the Harz Moan tains, Gucjar in Spain 
(“ guejantc ”), and Bolivia More recently 
large crystals hav c been found in the wadi 
Chcrrat in Morocco. The crystals have a 
perfect cleavage in one direction ; sp gr. 5 0, 
hardness 3-1- The mineral has been recognised 
by metallographic methods from several other 
localities, and it is no doubt of wide distribution 
in copper ores Massive material from Bolivia 
gave Ge 0 91%. L J S 

CHALCOTRICHITE, cuprite Native 
cuprous oxide. 

CHALK. A white or greyish, loosely co 
herent kind of limestone rock, composed almost 
entirely of the calcareous remains of minute 
marine organisms (forammifera, coccolitbs, 
etc ),and fragments of shells The purest kinds 
contain up to 99% of calcium carbonate in the 
form of the mineral calcite Silica is always 
present m small amounts as the mineral opal, 
representing the remains of other minute marine 
organisms (radiolana, etc ) and sponge spicules , 
and it is often segregated as the nodular masses 
of Hint so commonly found embedded in chalk 
rock. Minute grains of quartz, felspar, zircon, 
rutile, and other minerals are also often present 
With the admixture of clayey material there 
may be an insensible gradation from pure chalk i 
to chalk marl. In phosphahe chalk there is 
much calcium phosphate (up to 45%) , in green 
glaucomticchalk there is an admixture of grains of 
glauconite (a hydrated iron potassium silicate), 
and in red chalk there is some iron hydroxide 
Not only may there be considerable variations in 
the composition of chalk, but there may also be 
wide variations in the colour (snow-white, grey, 
etc.), and texture of the material It may be soft, 
incoherent, and porous, or quite hard and 
crystalline (as the chalk of the Yorkshire coast). 

The following analyses of chalk are selected 
from those quoted by A J. Jukes Browne, 
“ The Cretaceous Bocks of Britain,” Mem. Geol. 
Survey, 1903 (gc. for details respecting the 
English cfiafk) , f, .Middle Cfiaifc from Wye, 
Kent ; 11, Chalk Bock from Boxmoor, Hertford- 
shire ; III, soft white Upper Chalk from 
Famham, Surrey : 

I. II III 

CaO . 52 750 54 900 55 18 

MgO . 0 211 0 374 0 30 

J3&* oml °=” »*> 

MnO . . 0 140 — — 

KjO . . 0 09S — 0 22 

Na t O . . . 0 013 — 0 21 

CO, . . 37 670 42 101 42 37 

P,O s 010G 0 713 008 

SO, , .0 082 0 465 0 09 

Cl . . . 0 000 — — 

SIO. (solublcl . 0 035 0 128 — 

H *°' \ 5400 - _ 

Organic matter/ 

Insoluble . . . 2 4S0 1 003 0 87 


The uses of chalk are numerous For 
example, as a writing material in form of white 
and coloured Cray ons ; for the manufacture of 
quicklime, mortar, Portland cement, plaster, 
etc , and a3 a fertiliser. Whiting is prepared by 
grinding chalk and collecting the finer sediments 
from water ; this is used for polishing, making 
putty’, and many other purposes. Under the 
name of “ Pans white," chalk is used in the 
manufacture of india rubber goods, oilcloth, 
wallpaper, etc. The harder kinds are exten- 
sively used as a building stone. 

Large quantities of chalk are quarried in the 
counties of Kent, Surrey, Sussex, Cambridge, 
Lincoln and Hampshire ; Kent being by far the 
most important. The production of English 
chalk is six to sev en million tons per annum 
A certain amount of this is exported to the 
United States, though there are extensile lads 
of chalk in Kansas, Arkansas and Texas. 

L. J. S. 

CHALK, FRENCH, HjMgjSuO,, Tale, 
steatite, or soapstone. 

CHALKONE GROUP. Chalkone or 
benzyhdeneacetophenane. 


is readily prepared by the action of sodium 
hydroxide on an alcoholic solution of benzalde- 
hydo and acetophenone at ordinary tempera 
ture. It consists of yellow rhombic prisms, 
m p. 57°-58°, and when submitted to hydrolysis 
is reconverted into the aldehyde and ketone 

By the employ ment of hydroxy acetophenones 
and hydroxy benzaldehydes, in general previously 
methylated, numerous chalkone derivatives were 
synthesised by von Kostaneckiandhisco workers 
(Ber. 1898, et teg.). 

Of the various derivatives, the 2-hydroxy 
chalkones possess great interest on account of 
their relationship to the naturally occulting 
dyestuffs of the flavone and flavonol groups ^ 

2 Hydroxy chalk one, yellow needles, m p. 88°- 
89°, dissolves in alkali hydroxides with an orange 
colour, and in concentrated sulphuric acid with a 
yellow colour (Feuerstein and von Xoriaiwci* 
ibid 1898, 31, 715). It is converted into flavone 
by the action of alkali hydroxides on the 
dibromo addition product of its acctvl derivative 
(Feuerstein and von Kostaneeki, ibid. 1738) : 


/^OH BrCH 
CO— CBr 


CaCOj 
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When 2-hydroxychalkone is digested at the 
boil with alcoholic sulphuric acid, flavanone 
Idihydroflavone) is produced : 



and this method is generally ndoped for the 
synthesis of (Invnnonc derivatives. On 
hydrolysis the flavanones yield chalkones, a 
reversal of the above reaction. In these eases 
the reaction is not unidirectional, and the con- 
version of flavanone into chalkone, or chalkone 
into flavanone, is never complete. 

Though as a rule a chalkone only is obtained 
by tho interaction of aldehyde and hydroxy- 
ketone, when gallacctophcnone dimethyl ether 
(Woker, von ICostanccki, andTambor, ibid. 1903, 
36, 423.1) or quinacetophenone monomethyl ether 
(von Ivostanecki and Lampe, ibid. 1904, 37, 773) 
is condensed with bcnzaldehyde in the presence 
of sodium hydroxide, 7:8-dimethoxy- and 6- 
methoxy-flnvanone, respectively, are thus 
directly produced. Again, Lowenbein (ibid. 
1924, 57, [15], 1515) obtained flavanone in 80% 
yield by adding excess of aqueous sodium 
hydroxide to a warm alcoholic solution of 
o-hvdroxychalkone. 

Simonis and Lear (ibid. 1926, 59 [B], 2908) 
observe that phenolic ethers, particularly 1 those 
containing a substituent in the pora-position 
to tho nlkoxyl-group, are converted by suitable 
acid chlorides in the presence of aluminium 
chloride (1 mol.) into alkylated chalkones ; 
the use of a further molecule of aluminium 
chloride removes the alkyl group. Thus, quinol 
dimethyl ether, einnamoyl chloride, and 
aluminium chloride (1 mol.) yield 2:5-dimethoxy- 
phcnyl styryl ketone, and this is converted by a 
further molecule of aluminium chloride into the 
5-mcthoxy- compound, which, with alkali 
hydroxide, gives (i-methoxyflavanonc. Monti 
(Gnzzcttn, 1930, 60. 43) points out that this 
method is not new (rf. Stockhausen and Gatter- 
mann, Ber. 1892, 25, 3535). Shinoda and Sato 
(•I. Pharin. Soc. Japan, 1928, 48, No. 558, 109) 
have synthesised chalkones, hydrorhalkoncs, and 
flavanones by' a similar method. 

By emploving tho fullv bcnzoylatcd deriva- 
tives, Russell (J.C.S. 1934, 218, 1066, 1506) 
has synthesised chalkones by' condensing 
hydroxy-acetophenones with hydroxybenzaldc- 
hydes in dry ethyl acetate at 0’ in presence of 
hydrogen chloride. 

o-llydroxychalkoncs are converted into 
flnvoncs by oxidation with selenium dioxide 
(.Mnhnl. Rni, and Venkataraman, id id. 1935, 
666), whilst by oxidation with alkaline hydrogen 


peroxide, flavonols are produced (A bar and 
Flynn, Proc. Roy r . Irish Acad. 1934, Ser. B, 42, 
separate issue). 

Ryan and O’Neill (Proc. Roy'. Irish Acad. 
1915, 32, 48, 167) obtained di-o-hydroxydichnlk- 
one ( dibenzylidencdiacetorcsorcinol ) : 



yellow crystals, m.p. I96°-I9S°, by interaction of 
diacetoresoreinol dimethyl ether and benzalde- 
hyde, and demethylation of the product. 
An interesting fact recorded by these authors is 
that, by a variation in its method of preparation, 
four distinct varieties of this dichalkone can be 
produced. Whereas three of these, designated 
as a, /?, and 8, are stereo-isomers, tho fourth or 
y variety is structurally related to the other 
three. A. G. P. and E. J. C. 

CHALMERSITE v. Cubamte. 

CHALYBITE. Native iron carbonate, 
FeCO s , forming rhombohedral crystals iso- 
morphous with calcitc (CaCO a ), and of im- 
portance as an ore of iron. It is often known as 
siderite but this name had earlier been applied 
to three other mineral species ; it has also been 
applied to lodestone, ironstone and iron- 
wort, and at the present time it is in com- 
mon use as a group name for meteoric 
irons. Siderose was the original form of the 
name as applied by F. S. Beudant in 1832 
to iron carbonate. Sp.gr. 3-9 ; hardness, 
3j). Small, brilliant crystals of varying habit 
arc common in many' mineral veins, for example 
those of Cornwall. Veins of massive sparry 
material showing cleavage surfaces ( Spathic 
iron-ore) have been mined in the Brendon 
Hills in Somersetshire, Weardalo in Co. Dur- 
ham, the Siegen district in Westphalia, dep. 
Isere in France, etc. The fresh, unaltered 
materinl is creamy white in colour (“ white 
ore ”), but when slightly weathered it is brown 
(“ brown ore ”). Tiic Cleveland ore is a pisoiitic 
form of ebalybite occurring as beds in the Lias 
strata ; and the important day-iron-stone and 
black-band iron-stone of the Coal-measures con- 
sist of compact ebalybite, intermixed with clay 
and carbonaceous matter. A nodular form with 
an internal radiated structure is known as 


sph.xrosideritc. 

X. 

ii. 

III. 

IV. 

FeO . . . 

G1-0S 

49-47 

39-92 

46-35 

FejOg ... 

— 

— 

3-6(1 

3-00 

ai 2 o 3 . . . 

— 

trace 

7-86 

0-30 

MnO ■ . . . 

M2 

2-42 

0-95 

1-61 

CaO . . . 

0-10 

3-47 

7-44 

1-93 

MgO . . . 

01 3 

3- 15 

3-82 

2-24 

CO„ . . . 

38*19 

37-71 

22-S5 

32-46 

p : o 5 . . . 

— 

trace 

1-86 

0-67 

SiCb . . . 

— 

1-20 

7-12 

— 

so-T. . . - 

— 

trace 

trace 

trace 

FeS„ . . . 

— 

0-08 

0-11 

0-15 

H„0" . . . 

— 

— 

2-97 

1-43 

Organic matter 

— 

trace 

trace 

2-95 

Insoluble 

— 

3-77 

1-64 

7-29 


IO0-G2 

IOI-27 

100-41 

100-38 

Total Fe 

— 

38-56 

33-02 

3S-29 
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Analysis I is of pure selected crystals from 
near Camborne, Cornwall (A. Hutchinson, Min. 
Mag. 1903, 13, 209) ; II-IV of ores, by A. 
Dick, in “Iron Ores of Great Britain,” Mem 
Geol. Survey, 1856-1862 ; II yellowish grey 
spa those ore from Weardale ; III greenish- 
grey earthy oolitic ore from Cleveland (also 
KjO 0 27 in the portion soluble in HCI) ; IV 
clay-iron stone from Shelton colliery, Hanley, 
Staffordshire. " L. J S 

CHAMOMILE, ESSENTIAL OIL OF. 
The oil distilled from the flowers of the Roman 
chamomile Anthem is notnht, L, (Fam Com 
posits) indigenous to Great Britain, Southern 
Europe, Spain, and Italy. The flowers mature 
in August. When freshly distilled the oil is a 
deep blue colour, which gradually fades to a 
grecmsh-ycllow colour on keeping The yield 
is about 1*0%. 

Constituents — Ethyl isobutyrate, angelic, and 
tighe esters of isobutj! and hexyl alcohols and 
anthemol, an alcohol belonging to the terpenc 
eenea. The blue constituent is rhamttzulrm 
Characters — Sp gr at 15 5° 0 905-0 915, 

-1° to +3®, 1 442-1-465 Soluble in 

fi vols of 70% alcohol German chamomile 
oil obtained from the flowers of the German 
chamomile Jlatneana Chamotntlla, L , has 
spgr. 0 930-0 940, congeals about +1, and is 
soluble in 3 vols of 90% alcohol It contains 
chamomillol, tnchamomdlol, esters of caproic 
acid, solid hydrocarbons, furfuraldehyde, and 
umbclliferone methyl ether It also has a blue 
1 olourduetotlii nn-st n< t otelmni null in CT 11 
CHAMOMILE FLOWERS. Accordingto 
Power and Browning (J C S. 1914, 105, 1833), 
the flowera of Anlhemis nohiln Linn contain, 
in addition to numerous other substances, an 
apigenin glucoside, C,jH, n O l0 ,2H,O, faintly 
yellow microscopic crystals, m p 178 o -180°. 
It dissolves in alkalis w'lth a yellow colour and 
ives with aqueous feme chloride a purplish- 
rown coloration Dried at ]25 a -130 c it loses 
1 mol of water of crystallisation, but the second 
molecule cannot be eliminated without decom- 
posing the substance. This is evident from the 
composition of the hexQ acetyl derivative, 
C n H.,0 id (CO CH j},, colourleis microscopic 
crystals; asp. iV-tf-i'Af') tAc molecule of water 
in question being eliminated in the process of 
acetylation. 

When hydrolysed, the gluccule yields api- 
genin 1 3 4' tnhydraxyfiaione and dextrose. 

A. G. P. and E J. C. 
CHAMOSITE. An ore of iron, closely 
allied to thurmgite, 

H J1 Fe'VAl,Fe"'} g Si 4 0 1 , 

CHAMOTTE. This term, more frequently 
used on the Continent than in this country, is 
applied to the non plastic component* in- 
corporated with raw clays, and is almost 
synonymous with the English term “grog” 
On the Continent, clays are often carefully 
selected and burned in special furnaces (e g shaft 
or rotary kilns) to yield a thoroughly fire-shrunk 
material, which mixed with raw clay reduces 
shrinkage, prevents warping, and facilitates 
drying, etc. In some cases, such chamotte 


forms the main constituent of the refractory, 
the nete«sary binding power being secured bv 
the use of a highly plastic clay, such as a “ ball 
clay.” In this country, discarded furnace 
blocks, crucibles, etc., are broken up and used 
generally as grog. The term chamotte more 
often implies a selected clay, specially burned 
for the purpose. IV. C. H, 

CHAN N A, a mesembnne alkaloid. 

CH’AN SU t-. Cardiac Glycosides, Toad 
Poisons. 

CHARCOAL v. Carbox. 

CHARD. A species of beet (Beta xulgans 
var. ci cla) the leaves and leaf stems of which are 
boi/ed as a vegetable. Other names include 
“ Swiss chard ” and “ leaf beet.” Chung and 
Ripperton (Hawaii Agnc. Exp Sta. Bull. 1929, 
No 60) record the following analyses of the 
edible portion : H t O 92 2, protein 1 45. fat 02, 
N free extract 3 1, fibre 0 9, ash 2 2%. The 
mineral constituents include Ca 0 10, Fe 0 001, 
P 0 024 %, and Cu 1-1 mg per kg A. G. Po. 

CHARTREUSE. A well known and 
popular liqueur, the original recipe for which 
is said to have been presented by the Marquess 
d’Estrees to the Carthusian monks of Pans 
in 1602. Owing to the difficulty of procuring 
the necessary alpine plants m that neighbour- 
hood it was passed on to members of the order 
at La. Grande Chartreuse near Grenoble in 1735 
The elixir ut# was valued as a stimulant 
for the less robust members of the fraternity 
weakened by age or by the privations and hard- 
ships entailed by the seventy of their religious 
exercises and was also dispensed to the feeble 
poor of the district. 

After numerous disasters, occasioned by lire, 
pillage, and confiscation of their property through 
religious and political persecutions, culminating 
in the loss of everything during the French 
Revolution, the monastery was restored in 
1816 although in a very lmpovenshed con- 
dition Die secret of the manufacture of 
the "elixir” had, however, been carefully 
preserved, and this was made the basis of 
the recipes for other varieties of liqueur 
The two mam v arieties are named in accord^ 
ance with their colours “ green ” and “ yellow/’ 
Art it cxnlranktsir Avjvnmv A’nvrwiv «w “ 
chartreuse also enjoys considerable favour. 
The virtues of these preparations were widely 
advertised by the military officers who were 
quartered in the monastic buildings about the 
middle of last rentury and in consequence the 
monks entered upon an era of unprecedented 
prosperity. To meet the greatly increased 
demand extensive and modern plant was 
installed at Fourvoisie in 1863 In lw, 
however, there fell upon the fraternity further 
trouble m the passing of the French Religious 
Associations Act. In consequence, the monks 
migrated across the border to Tarragona in 
Spam where they have since continued the 
manufacture of liqueurs according to their old 
formulx. _ 

More than 200 ingredients are said to o® 
used in the manufacture of genuine chartreuse 
and its spint basis is rectified grape spirit _ dis- 
tilled from sound wine. The usual alcoholic 
strength of each of the three varieties o! 
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chartreuse is respective!}’ : green 55% of alcohol 
by volume or 96% of proof spirit ; yellow 42-5% 
of alcohol or 74-5% of proof spirit ; white 30% 
of alcohol or 52-5% of proof spirit. 

There are many imitations of chartreuse, 
mostly prepared from plain spirit flavoured 
with essential oils and coloured by means of the 
various ingredients described under Cordials 
and Liqueurs. The formula; given in the 
attached table are typical of those adopted in the 
preparation of these imitations. The mixture 
is digested for 24 hours and then distilled until 
nearly all the spirit is over. The distillate is 
diluted to 100 litres, coloured, and sweetened 
with sugar as desired, and, after standing for 
some time, filtered. 


Ingredients. 

Green. 

Yellow. 

White. 

China cinnamon 

15 g. 

15 g. 

125 g. 

Mace 

Lemon balm, 

15 „ 

15 „ 

30 „ 

dried . 

Hyssop (flower 

pOO „ 

250 „ 

250 „ 

tops) . . . 

Peppermint 

250 „ 

125 „ 

133 „ 

(dried) 

250 ,, 

— 

— 

Thyme . 

Dalsiine (Bal 

30 „ 



major) 

125 „ 

— 

— 

Juniper . 

250 „ 

125 „ 

125,, 

Arnica (flowers). 
Bnlsnm poplar 

10„ 

15 „ 


(buds) 

15 

— 

— 

Angelica (seeds) 

125 „ 

125 „ 


Angelica (roots). 

G2-5 g. 

30 „ 

30 „ 

Coriander . . 

— 

1,500 „ 


Cloves . . . 

— 

15 „ 

30 „ 

Aloes (Socotrlnc) 
Cardamom 

— 

30 „ 


(small) 



50 „ 

30 „ 

Nutmegs . . 

— 

— 

15 „ 

Calamus . . 

— 

— 

300 „ 

Tonka beans 

— 

— 

15 „ 

Alcohol (85?;,) . 

02-5 litres 

42-5 litres 

52-5 litres 

White sugar. . 

25 0 kg. 

25 0 kg. 

37-5 kg. 


F. G. H. T. 

CHAULMOOGRA (CHAULMUGRA) 
OIL GROUP. This group of oils, obtained 
from the seeds of certain tropical species of the 
Fam. Flacourtiacorc Warburg (syn. Bixineae, 
Bixacea; Bentham and Hooker) is remarkable 
on account of the presence in predominating 
quantity of the glyeerides of the optically active 
(dextrorotatory) chaulmoogric and hydno- 
carpic acids. These acids, discovered by 
Power and his collaborators (J.C.S. 1904, 85, 
838, 851 ; 1905, 87, 884 ; 1907, 91, 557), 

are characterised by the presence of a cyclo- 
penteno nucleus, and their formulation by 
Power as follows, 

CH; — CH’[CH 2 ], 0 ’COOH 

CH = CH 
Hydnocarpic acid. 

and 

CH,— CH’[CH : ] 15 ’COOH 

CH = CH 
Cliaulmoogrle acid, C ls H 3 ,0., 

hns been confirmed by synthesis of the dl- forms 
of the acids (r/. Perkins and Cruz, J, Amer. 


Chem. Soc. 1927, 49, 1070; R. Adams and 
collaborators, ibid. 1926, 48, 1080). 

Derivatives of these acids, including the oils 
themselves (t.e. the glyceryl esters), all possess 
remarkable therapeutic value in the treatment 
of leprosy, and the use of the oils for this purpose, 
which has been native practice from olden times 
in India and Indo-China, has extended within 
the last 20-30 years all over the world with 
marked success. The employment of chaul- 
moogra oils in the treatment of tuberculosis 
has also been mooted (cf. Schobl, Philippine J. 
Sci. 1923-1924 ; Peirier, Thesis, Marseille, 
1930 ; Graham and co-workers, Illinois Agric. 
Expt. Sta. 47th Ann. Rept. 1935 (1933-1934), 
86 ). 

As a result of the work of V. G. Heiser, and 
especially of Leonard Rogers in India (1916— 
1917) and of Dean and Hollmann in Honolulu, 
the old method of oral administration of the 
oils (which is limited by the nauseating pro- 
perties of the oils) has been superseded by in- 
jection of the sodium salts, or of the ethyl 
esters of the fatty acids of the oils. Of a further 
Beries of derivatives of chaulmoogric acid, 
prepared by West (cf. Philippine J. Sci. 1927- 
1929), none appears to offer any marked thera- 
peutic advantage. 

(For reviews concerning the therapeutic appli- 
cations of chaulmoogra oil, cf. Hollman and 
Dean, J. Cutan. Dis. 1919, 37, 367 ; Muir, “ Lep- 
rosy — Diagnosis, Treatment and Prevention,” 
Lahore, 1928, 4th ed. ; Sehlossberger, Z. angew 
Chem. 1924, 37, 4; Ways on and Badger, U.S. 
Pub. Health Rep. 1928, 43, 2883; (discussion) 
Proc. Roy. Soc. Med. 1927, 20, 997 ; Eubanas, J. 
Philippine Is. Med. Assoc. 1931, 10, 203 ; 
Findlay, “ Recent Advances in Chemotherapy,” 
London, 1930 ; Fischl and Sehlossberger 
"Handbuch der Chemotherapie,” Vol. I, Leip- 
zig, 1932; and the literature of tropical 
medicine.) 

Fop medicinal purposes, the cold-pressed oils 
are used. Suitable methods of refining are 
described by Perkins, Cruz, and Reyes Ind. 
Eng. Chem. 1927, 19, 939. 

Among the best-known oils of the chaulmoogra 
group are those from seeds of three Asiatic 
species, viz. chaulmoogra oil from Tarakto- 
genos Kxirzii King (Hydnocarpus Kurzii 
Warb.) ; lukrabo or krabao oil from 
Hydnocarpus anthelminticus Pierre; and hydno- 
carpus oil from Hydnocarpus Wight iana 
Blume, whoso properties, together with those 
of the oils from //. alcalac de Candolle and 
Carpotroclic brasiliensis Endl. are illustrated in 
Tnble I, p. 522. 

Similarly active oils, which differ from each 
other in their respective contents of chaul- 
moogric and hydnocarpic acids, are obtained 
from several other (but not all) species of the 
genera Hydnocarpus, Tarakiogenos, and Asieri- 
astigma from Asia and Oceania, Caloncoba from 
Africa, and Carpotroclic, Lindackeria, and Mayna 
from South America (Brazil). 

These oils appear as soft yellowish or brownish 
fats at ordinary temperatures (15°-20'C.) : 
they melt between 22° and 30°C., and show 
optical rotations ranging from [al D =about 
+43° to +64° at 30°C. (in CHCI 3 ) ; their 
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Taw e I — Chmuctebistics or Oils of the CHAt’L'toocRA Orcu v ' 



Toralto 

llffdno'arpus 

anlhelminiicut 

Uydno-arpus 

11 Iff/flOII/J » 

V'jdnornrput 

Inidieiitii 

Sp gr . . 

0 043-0 954 
(0 940- 
0 960'23T.) 

0 043-0 9 34 

(0 93- 
0 96'25T) 

0 044-0 954 

0 955-0 05J 

n D . . . 

1-472- 
1 477/3(TC. 

1 4715- 
1 4733/30T. 

1 4759- 
1 4783 '30T 
(1-472- 
1 476/40'C ) 

1 4763- 
1 477/30'C. 

1 4792- 
1-4818/25“C 

[a]” (in CHCI S ) 

+3S e to 

(H 4S® to 
+60’ 
at 23®C ) 

+42 5° to 
+51 .5® 

+51° to 

+58° 

«+53°.) 

+46 3° to 

4 49 6° 

+32® to 
+ 59* ( 20T 

Mp . 

22 C -26T 
(r 2-,'C ) 

JO’-SOX. 
(mostlv 
20'-2C"C ) 

22°-32 C 
(20°-25 e C ) 

\ bout 30X 

2T-2.3T 

Acid xalite . 

10-28 

(>AM) 

1-20 

0-20 

(>25) 

1-13 

0-7 

Saponification xaluc 

183-215 

(196-213) 

187-226 5 
(usually 
200-210) 

197-207 

(I9S-204) 

1 80-202 


Iodine xalue 

94-113 

(93-104) 

81 99 6 

95-103 

(97-103) 

84 94 

101 6-1121 

F p of fatty acids 

.12°— I0°C 

36*-42°C 

39 5°-42°C 

35T 

in p 29 5’C 


1 The ansh Heal rhsrartrrlstlcs of each 01J sar> somewhat according to flic origin an<l condition if the 
seeds tlie figures ri produced abo\ e are u plcnl of the usual ranges, but do not iiccis».inl\ include txtrrnic 
\ alucs tint hx\e been n ported in Isolated c««cb 

* J.lmits xpociRrd hv • t'nlteil states Phannacoporla,'' XI (1030). shown in brackets (.' B — The bnited 
State* Dnnnacopa. ta,‘ XI, admits under the title of Oleum Chaulmoogra. the oils from T hunt), Hi/diiocnrpw 
ll’i ghtvtua, 11 anllielmmhea, or otlier species of Hu&nocarpus In so far as thc> < (inform to the 'jiceillul 
requirements ) 

s Limit* specified bj “ British rinrmacopcrla,” 1932, shown In brackets 


saponification \alues lie, as a rule, between] 
107 nml 215, and the iodine values between | 
82 nnd 105 , tlie content of unsaponifiable 
witter is low , t g 0 2% (For descriptions of a 
ntimlier of Hydnocarpui and related oils, see 
Perkins nnd Cruz, Philippine J. Set 1923, 
23, 513 ; Perkins, Cruz and Keyes Ind. Eng 
Chew 1927, 19, 939 : Andre, Compt rend 
1025, 181, 1089 (extracted oils) j Rock. l'.S. 
Dept. Apnc. Bull Xo. 1057, 1922 , Marcan, 
J S C.I. 1920, 45, 305T ; Peacock and Aiyar, 
Burmese Forest Bull Xo 21, 1930 , Peiricr, 
J. Pharm. Chim. 1929, (xni), 10. 124, also 
Thesis, JIarsciIle, 1930 (African sp ) ; Ktihlmann, 
Mem. Inst. Oswnldo Cruz (Brazil), 1928, 21, 
3S9 ; 51. T. Francois, Bull Sei. Pharmacol. 
1935. 42,21). 

(It may be noted, Imwexcr. that the oils from 
certain species attributed to the nbo\e genera 
ns well ns oils from other genera of Flacourtiscc.T, 
t y. from Oncoha spinosa Forsk. Gynocardia 
cdorala Brown (Gy nocnrdix oil), which ha\c 
occasionally been confused with the tnie 
chaulmoogra, show no optical activity and 
contain no cyclic acids, ef. Power, l e. ; Pjman, 
Rcpts. Progress Appl. Chop- 1916, 1, 292.) 

In many cases the seeds of the chaulmoogra 
group contain a cyanogenetic glucostde. 

Chaulmoogra oil, w Inch w as formerly officinal 
in England, consists almost entirely of the 
glyccndes chaulmooyTO-di.hydnoearpin nnd hyd- 
nccarpo di chn uhnoojri n, in proportions of about 


6 1 (c/ Bomer And Engels, E Unters Lebcnsm. 
1929, 57, 113) , a small proportion of another 
gly cende, probably tnpalraitin orstearopalmitm, 
was also isolated Correspond mgly, the fatty 
ncids of chaulmoogra oil consist of about 
55-60% of hydnocarpic acid, nnd about 40% 
of chaulmoogric acid, together with a small 
amount of palmitic acid Small amounts of a 
liquid optically nctne acid (possibly n lower 
homologue (C lt ?) of hydnocarpic acid, or a 
more unsaturated cyclic, C, 8 -acid such as gorlic 
acid [see below) ha\e also been found in chaul 
moogra oil itself pnd in other oils of the group 
[ef Perkins and Cruz, l c. 1923 , IVrenshall and 
Dean, U.S. Publ. Health .Sen icc Bulk 1921, 
141.12 . Andif, / e ). 

Thcoccmrcnce of small amounts of “larakto- 
geme arid,'’ C, 8 H eo O e , “ faogndoleie arid,” 
C 2 ,H f ,O z . and t)ic hrtonic “ paraluiohc and,” 
CijHjjOj. reported by Ila-himoto (J Amer. 
Chem. Soc. 192.5, 47, 2325) requires confirm# 
tion. 

The proportion of hydnocarpic acid is higher 
in lukrabo oil, which constitutes the Oleum 
Ilydnoearpx (“ taifushi oil ”) of the “Japanese 
Pharmacopccia,” and m Hydnocarpus oil (also 
known in India as “kaxatel” or “ marotti 
oil), which, as the Oleum Hydnoearpt of the 
1932 “ British Pharmacopccia ’* has replaced 
the Ol. Chaulmoogra of the earlier edition. 
(The rold expressed oil is specified by 
“ British Pha non copccia . ’ ') Hydnocarpus fruds 
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arrive on the market in a better condition than 
chaulmoogra fruits, and consequently a better 
quality of oil can be recovered ; the higher pro- 
portion of hydnocarpic acid is also advan- 
tageous, since this acid appears to be slightly 
more active therapeutically than chaulmoogric 
acid. Further, owing to the almost total 
absence of palmitic acid, which distinguishes 
this oil from chaulmoogra oil, hydnocarpus oil 
forms the most convenient material for the 
preparation (in high yield) of pure hydnocarpic 
acid (cf. Perkins, Cruz, and Reyes, l.c. 1927 ; 
Georgi, Dept. Agric, S.S. and F.M.S. Sci. Series, 
1932, No. 9; Marcan, l.c.; Cole and Cardoso, 
J. Amer. Chem. Soc. 1937, 59, 963). 

Perkins was not able to detect any lower 
hoiuologue of hydnocarpic acid in hydnocarpus 
oil, but small quantities of a liquid optically- 
aetive acid (gorlic acid ?) have been isolated at 
the Imperial Institute (Bull. Imp. Inst. 1936, 
34, 145 ; Nigerian oil) and by Cole (Philippine 
J. Sci. 1929, 40, 499) ; the latter also reports 
the presence of about 1% oflauric (?) acid. 

Hydnocarpus oil, like chaulmoogra oil, has 
usually been described (cf. Brit. I’harm. 1932) 
as almost wholly soluble in hot 90% alcohol, 
and partially soluble in the cold ; it seems 
possible, however, that this only applies to oils 
containing a considerable proportion of free 
fatty acids (as is the case with crude com- 
mercial oils) since a sample of almost neutral 
hydnocarpus oil (acid value 1-2) examined at the 
Imperial Institute (l.c.) did not exhibit this 
property, although it was normal in all other 
respects. In 1 91 1 a certain amount of marotti oil 
found its way into Germany under the misnomer 
of “ cardamom oil,” and, its toxic properties 
being apparently overlooked, was used in 
margarine with disastrous results (cf. Reinsch, 
Chera.-Ztg. 1911, 35, 77). 

Tho oil from the seeds of the Philippine 
Hydnocarpus alcalae De Candolle (“ dudu- 
dudu ”), which contains much chaulmoogric 
acid (c. 90% of the total acids), but veiy little 
hydnocarpic acid (cf. Brill, J. Philippine Sci. 
1917, 12, A, 37 ; Santos and West, ibid. 1929, 
40, 485), and the Brazilian carpotroche oil 
from Carpotroche brasiliensis Endl., which con- 
tains both hydnocarpic and chaulmoogric acids 
(cf. Rothc and Surcrus, Rev. brasil. Chim. 1931, 
2, 35S ; D. da Silva, Rev. brasil. Med. Pharm. 
1926, 2, 627 ; Jamieson, Drug Markets, 1931, 
29, 350), arc used locally in tho treatment of 
leprosy. In Africa, gorli (gorley) seed oil 
(from Caloncoba cchinata Oliv. Gilg.=Oncoia 
cchinata Oliv.) is used ; this oil contains about 
S0% of chaulmoogric acid, palmitic acid, and 
also a more unsaturated acid of the cyclic series, 
gorlic acid, C^H^O,, (cf. Goulding and 
Ackers, J.C.S. 1913, 103, 347) ; Andre and 
Jouatte, Bull. Soc. chim. 1928, (iv), 43, 347; 
Paget, J.C.S. 1937, 955). Tho oils of II. alcalae 
and C. cchinata are convenient materials for the 
preparation of pure chaulmoogric acid (Cole and 
Cardo«o, l.c.). 

In the Belgian Congo, representatives of the 
chaulmoogra group (cf. E. de Wildeman, Bull. 
Inst. Roy. Col. Beige, 1930, I, (1), 94), include 
Caloncoba Wcltcilschii Oliv. Gilg. It is in- 
teresting to note that although the oil from the 
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seeds is rich in cyclic acids (cf. Poirier, l.c.), 
the fat obtained from the fruit-pulp which 
surrounds the seeds is optically inactive, and 
consists apparently of glycerides of stearic, 
palmitic, and oleic acids (Adriaens, Bull. Inst. 
Roy. Col. Beige, 1932, III, (2), 373, 389). 

E. L. 

CHAULMOOGRIC ACID, C h H 32 0,. 

An unsaturated acid found by Power and 
Gornall among the fatty acids contained in 
chaulmoogra oil from Taraklogenos Kurzii 
King. Optically active [a] D +56° ; m.p. 68°; 
b.p. 247°-248°(corr.)/20 mm. Easily soluble 
in chloroform and ether. _ Forms readily 
crystallisable salts with metallic bases, and esters 
with aliphatic radicals (J.C.S. 1904, 85, 838, 851). 

CHAV I C I N, a resin occurring in pepper. 

CHAY- AVER v. Chayroot. 

CHAY ROOT. Chay root or Chay-aver 
(from chaya= which fixes colour, and ver= 
root), also called Indian madder, is the root 
of Oldenlandia umbellata Linn. (Fam. Rubiacea;), 
a small bush or herb found on sandy soils chiefly 
near the sea-coast. The plant occurs in North 
Burma and Ceylon, but is most abundant in 
certain tracts of the Madras Presidency, from 
Orissa southwards. It is or was extensively 
cultivated on the Malabar and Coromandel 
coasts, especially the latter, and employed in 
dyeing a colour analogous to Turkey-red. The 
roots are usually about 10-12 ins. long and J in. 
thick, somewhat straight and stiff, tough and 
wiry, and with few or no lateral fibres. When 
freshly gathered they have an orange colour, but 
when dried and kept they assume a yellowish- 
grey hue. The colouring principles seem to reside 
chiefly, if not entirely, in tho bark of the root. 

A short account of the history of chay root 
and its application to the fibres is given in the 
papers of Hummel and Perkin (J.C.S. 1893, 63, 
1160; J.S.C.I. 1894, 13, 346). 

Chay root resembles madder in that both 
contain ruberythric acid, alizarin, rubichloric 
acid, and cane sugar ; on the other hand, pur- 
purin, purpurin- and purpuroxanthin-carboxy- 
lic acids, which are present in madder, are 
entirely absent in chay root. Again, whereas 
only traces of yellow crystalline substances aro 
found in madder, chay root contains con- 
siderable quantities of yellow crystalline com- 
pounds which are quite distinct from those 
present in madder. 

The phenolic constituents of chay root have 
been studied' by the sulphurous acid extraction 
method, and also by a subsequent exhaustion 
of the residual root with boiling lime water 
(Hummel and Perkin, l.c. ; J.C.S. 1895, 67, 817 ; 
Perkin, ibid. 1907, 91, 2066). There was thus 
obtained, in addition to chlororubine and , 
alizarin, a mixture of non-tinctorial yellow sub- 
stances which aTe present (probably as gluco- 
sides) in' comparative]}’ large amount (1%). 
These consist principally, if not entirely, of the 
following substances ; 

Alizarin a-mcihyl ether. 


OMe 
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Jong orange-yellow needles, tn p. 17S®-179°, 
is readily converted into alizarin, for prolonged 
digestion with boding baryta water is sufficient 
to hydrolyse the methoxyl group. This pro- 
perty of the a-rnethoxyl group probably accounts 
for the failure to obtain this compound, or the 
dimethyl ether, by digestion of alizarin with 
methyl iodide and alkali. The synthesis of 
alizann a-methyl ether was effected (Oesch and 
Perkin, Chem. Soc. Proc. 1914, 30, 213) by the 
action of diazomethane on 0-acetylahzann. 
whereby a mixture of 0-acetylalizann a methyl 
ether and a acetylalizarm ^-methyl ether was 
produced, migration of the acetyl group having 
occurred during methylation. From the pro- 
duct, after de-acetylation, alizann p methyl 
ether was precipitated from an alcoholic solution 
as the potassium salt by means of potassium 
hydroxide, the a-methyl ether remaining m 
solution. Acetylahzann a-methyl ether forms 
yellow needles, m p. 212°; 

Anthragallol I 2-dimethyl ether (I), yellow 
needles, m.p. 23Q°-232?, and atdkragaUi 1 3- 
dimethyl ether (II), yellow needles, m p 218°- 
220 °. 

JoH 


OMe 

/^yCO N /\ OH 
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The former is distinguished from the latter in 
that it forms a red ammonium salt soluble in 
cold alcohol, whereas the ammonium salt of the 
l:3-dimethyl ether crystallises in scarlet pnsms 
which are sparingly soluble in cold alcohol. Both 
ethers are readily converted by methyl sulphate 
into the tnmethyl ether, and when heated with 
10% potassium hydroxide solution at 180° for 
5 hours, the 1.2 dimethyl ether is partially con- 
verted into methoxypurpuroxanthin (111), and 
the l:3-dimethyl ether into methoxyalizann 

OH 
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The constitutions (I and II) assigned to these 
anthragallol dimethyl ethers by Perkin and 
Hummel (I e.) have been confirmed by synthesis 
(Perkin and Story, J.C.S. 1929, 1399). Partial 
acetylation of anthragallol 2-methyl ether 


yields 3-acetylanthragalIol 2 methyl ether which, 
by the action of diazometbane, is converted 
into a mixture of anthragallol tnmethyl ether 
and 3-acetylanthragallol 1:2 dimethyl ether 
The latter, when hydrolysed, gives anthragallol 
1 2-dimethyl ether identical with the natural 
product. The l:3-dimethyl ether is obtained by 
partial benzoylation of anthragallol 3 methyl 
ether and treatment of the resulting 2 benzoyl- 
anthragallol 3-methyl ether with diazomethane, 
which gives not only 2-benzoylanthragaIlol 
1 3 dimethyl ether (16%), but also 1 -benzoyl- 
anthragallol 2 3-dimethyl ether (80% appro* ), 
the benzoyl group having thus migrated from 
the 2- to the 1 -position. Hydrolysis of the 
former compound gives anthragallol 1 3-dimetby! 
ether identical with that present in chay root; 

fl ystazann ilonomethyl Ether, 

x CO v^\ OMe 

CO^\/ OH 
loDg orange-yellow needles, m p. 232°, dissolves 
m alkaline solutions with a crimson coloration, 
and its ammonium and potassium salts, which 
crystallise in gamet red needles, are insoluble in 
cold isobutyl alcohol. When heated with 
hydrochloric acid at 180° it is converted into 
hystazann, whilst methylation with methyl 
sulphate affords hystatarin dimethyl ether, yellow 
glistening needles, melting at 235°-236°, 

P Ilydroiyanthraquinone, pale yellow needles, 
j p. 302°. This is identical with the synthetic 
product prepared from anthraqumone P sul 
phonic acid by digestion with alkali. 

Dyeing Properties.— Chay root contains acid 
principles which tend to dissolve the mordants, 
and it is thus necessary to add 2% of chalk to 
the dyebath and to raise the temperature 
gradually to the boiling point. 

Pyemg experiments on calico, stripe printed 
with aluminium and iron mordants, have shown 
that the dyeing power of chay root is equivalent 
to the presence of 0 33-0-35% alizann. The 
red*, pinks, and chocolates have a distinctly 
bluer shade than those given by madder, and the 
lilacs are much fuller and brighter and very 
similar to those obtained from alizann. On 
oil-prepared calico, mordanted with alumins, 
chay root gives an excellent blue shads of 
Turkey-red, whilst brown, red, orange and 
purple colours are obtamed on wool or silk 
mordanted with chromium, aluminium, tin or 
iron respectively. 

Boiled with dilute sulphuric acid, chay root 
yields a “ garancine " of a very dark green 
colour and possessing about three time* the 
dyeing power of the original root, 

A. G. P- and E. J. C. 

CHAYOTE. The fruit of Stchium eduU 
Swartz (or Chayota edulit Jacq.) a member of 
the gourd family. The chuyote is a native 
of Central and Southern America, and is culti- 
vated in many tropical and sub tropical areal- 
Tfce large pear-shaped single seeded fruit, 
which may weigh from 0 4-2 5 kg , is a valuable 
starchy food and the young leaves, tip* and 
shoots also serve as green vegetables. Accord- 
ing to Valenzuela and Waster (Philippine J. *-«• 
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1930, 41, 85) the. composition of the chayote is : 
HjO 93-3, protein 0-64, fat -024, N-free extract 
5-25, fibre 0-4, ash 0-23%. The nitrogen bases 
include arginine and guanidine with small 
proportions of adenine and choline. A. G. Po. 

CHEDDITES. These chlorate explosives 
were patented by Street (B.P. 9970) in 1897, 
the name being derived from Chedde, the town 
in France where they were first prepared. 

Composition. — A number of varieties have 
been manufactured, but essentially they consist 
of a chlorate, usually tho potassium salt, a 
fatty oil Buch as castor oil, together with one 
or more nitro aromatic compounds such as 
mononitronaphthalene, dinitrobenzene, dinitro- 
toluene, etc. 

The early attempts to substitute the cheaper 
sodium chlorate for the potassium salts were 
not very successful as the mixtures were found 
to be too inBensitivo to detonation, even when 
moderately compressed. It was found, how- 
ever, that a sodium chlorate mixture containing 
10% of dinitrotolucne and no other nitro body 
formed an explosive which was more powerful 
than tho older types and it could be fired at 
densities up to 1-65. 

The compositon of some of the moro important 
cheddites is given in the following table : 


Type. 

Potassium chlorate . 

Ol 

Type 

41. 

O' 

.0 

. 80 

Ol 
Type 
GO his. 

% 

80 

02 

Type 

GO 

bisM. 

% 

70 

O 1 

Sodium chlorate . . 

. — 

— 

— 

79 

Castor oil ... . 

. 8 

5 

5 

5 

Mononitronaphthalene . 

12 

13 

1 

— 

Dlnltrotolucno . . 

. — 

2 

15 

10 

Tho French cheddites 

are coloured 

with 


difierent oil-soluble dyes in order that the 
various types can bo easily distinguished from 
one another by visual examination alone. 

Gelatinised cheddites containing nitrocellulose 
have also been manufactured, the following 
being a typical composition : sodium chlorate 
75%, dinitrotolucne (liquid) 23-75%, nitro- 
cellulose 1-25%. A further variety contains 
nitroglycerin in addition to nitrocellulose, the 
composition being : sodium chlorate 70%, 
dinitrotolucne (liquid) 23-5%, nitrocellulose 
1-5%, and nitroglycerin 5%. 

Manufacture ( 71011 -gelatinised type ). — Tho 
nitro compounds are dissolved in the castor oil 
by heating the mixture in a steam-jacketed 
enamelled iron pan at a temperature of 70°-80°C. 
When the mass is homogeneous it is allowed to 
cool to 55°C., when the warm, dry, and finely 
powdered chlorate is mixed in by means of a 
wooden spatula, care being taken to ensure that 
each particle of chlorate is coated with the 
oily mixture. The mnss is poured on to a 
wooden bench, allowed to cool to about 30 < ’-35°C., 
and then crushed by means of a wooden roller. 
After sifting to remove fine particles, tho 
explosive is made into cartridges by pressing 
into wooden moulds from which it is transferred 
to paper cases. The cartridges containing 
sodium chlorate cheddites should be dipped 
in molten paraffin wax in order to prevent the 
adsorption of moisture. 

Gelatinised Cheddites . — In the manufacture 
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of this type of the explosive, the nitrobodies 
are mixed with the nitrocellulose and nitro- 
glycerin and gelatinised at a temperature of 
about 4 (PC., the chlorate being incorporated 
afterwards. This form of cheddite is made 
into cartridges by a machine similar to that 
used for Ordinary gelatinised explosives. 

Properties. — The non-gelatinised cheddites 
are in the form of soft white or yellowish 
grains unless they have been artificially coloured. 
They are readily compressible and in order to 
obtain the full explosive power it is necessary to 
carefully control the density. If the density is 
low, the maximum power is not developed, 
whereas very high compression leads to difficulty 
in detonation. The non-gelatinised cheddites 
are relatively insensitive to shock and friction 
at ordinary temperatures and bum more or less 
rapidly without any tendency to explode, even 
j when fired in large masses. Heating at 120°C. 
for an appreciable period causes no decomposi- 
tion, but at 200°C. the oil decomposes, the nitro- 
compounds volatilise, and the explosive darkens. 
Small quantities when heated deflagrate at 
about 250°-260°C. 

According to Will (Z. ges Schiess- u. Spreng- 
stoffw. 1906, 1, 209), a 2 kg. weight falling 32 cm. 
causes explosion of cheddite 60, whereas for 
cheddite 41, a fall of 36 cm. is required. 

The velocity of detonation increases with the 
density up to a certain point, but beyond that 
diminishes rapidly. According to Dautriche, 
cheddite 60 bis Ol in cartridges having a dia- 
meter of 40 mm. and a density of 0-7 gave a 
velocity of 2,283 m. per sec., whereas at a density 
of 1-17. tho velocity was 2,901 m. per sec. At a 
density of 1-4 the velocity was reduced to 
2,451 m. per sec., and at 1-5 the explosive 
failed to detonate. 

Explosive Power. — When detonated in the 
Trauzl block, cheddites give expansions varying 
from about 250 to 400 ml., depending upon the 
variety of the explosive used. Owing to the 
relatively low rate of detonation their violence 
ns measured by the copper cylinder crushing 
test is less than half that shown by blasting 
gelatine under the same conditions. 

According to Brevetta (Z. ges Schiess- u. 
Sprengstoffw. 1906, 1, 125), types No. 60 and 
60 bis have an explosive power of at least double 
that of black powder and equal to Dynamite 
No. 1 • H. S. 

CHEESA STICKS. Lengths of cordite 
coated with ammonium oxalate and shellac. 
They- are used in South Africa as fuzes for 
blasting charges. H. S. 

CHEESE. A solid preparation of the chief 
constituents of milk, consisting mainly of 
coagulated casein (q.v.), fat, water, and some 
mineral matter. 

Tho modified protein thrown out of milk by 
the action of rennet is designated “ paracasein,” 
a substance which produces an insoluble com- 
pound with calcium (Associates of L. A. Rogers, 
“ Fundamentals of Dairy Science,” 1928, 
p. 202 d scq.). 

Cheese is, however, a very different product 
from tho “ curd,” which is only the first step 
in its production. The proteolytic enzymes of 
i rennet continue to act in the curd; bacteria 
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present in the original milk and added in the 1 g. for the test, a table for calculation published 
form of “ Starter ” contribute to the flavour of in B S.S. 1936, No. 696, Part 2, p 27 is required 
the cheese. Moisture controlled by cutting, in this rase. 

draining, milling, and pressing the curd and by For the more exact chemical analysis of the 
the temperature and acidity at which these percentage of fat in cheese, 3 g. of cheese u 
operations are conducted determines “ body” heated with 10 ml. of hvdrochlonc acid (spgr 
and “ texture ” of the final product (J. G. Davis, 1-125), after the curd is dissolved 10 ml of 
J.S C.I. 1935, 54, 27. 631), alcohol (06%), 23 ml. ethyLether, and 25 ml 

Cheese may be made from the milk of various light petroleum (b p. 40 5 ~60°C.) are added, 
animals, but cow’s milk as a rule provides the shaking in a stoppered tube after each addition, 
raw material. It is either used in its natural After standing for 2 hours, or spinning in a 
condition or may be pasteurised or separated, centrifugal machine, the ethereal solution of 
cheese being sometimes made from cream (cream fat is transferred to a weighed flask and after 
cheese), and also from skimmed or partly two further successive extractions ruth the two 
separated milk. The use of rennet is sometimes mixed solvents the solvents are evaporated snd 
omitted in the ease of “ cream " and “ cottage ” the fat dried at 102°C. 

cheese. The moisture is determined on 3 g, or alter 

Coloured cheeses, e g. Leicester and Dutch, natively 5 g. of cheese, weighed into a flat dish, 
owe their colour to annato, added to the mdk and mixed and spread with the flattened end of 
some 10 minutes before rennetmg a glass rod which should be weighed with the 

Different varieties of cheese owe their peculiars dish; after preliminary drying in air or in racuo, 
ties to differences m the technique of manu drying ib finished till constant in an oven at 
facturo developed in localities from which their 100 o -105°C 

names are derived, though it is probable that a The salt may be determined in 2 g of the 
process of selection has resulted in the choice of original cheeso weighed into a conical flask, 
a method of manufacture best suited to typo of and taken up with 10 ml. of distilled water; 
milk, flora (bacterial and plant), soil, and 25 ml. of 0 OoA’-ailver nitrate is added and after 
atmospheric conditions of the locality. In so warming and mixing with 10 ml cone, nitric 
far as these conditions are understood geo- acid, the heating is continued until the curd M 
graphical limitations to the manufacture of digested ; 2 ml. of a saturated solution of iron 
cheese vanish. alum in 10% nitric acid is added and the 

Cheddar, Cheshire, Derby, and Leicester are volume made up to 100 ml. The excess silver 
hard pressed cheeses ; the pressure on the cheese nitrate is titrated with 0 05A’-potassium thio 
in tho mould is regulated in the cheese press and cyanate until an orange tint persists for IS 
may finally exceed 2 tons per cheese In the case seconds. Standardised by the Volhard method 
of Stil ton, Roquefort, and G orgonzola the pressure against sodium chloride of known strength, 1 ml 
in the mould is greatly reduced or omitted. 0 05N-thiocyanate=0 00292 g. sodium chloride 
About half the constituents of the milk The titra table acidity calculated as lactic 
appear in the cheese, the remainder is run off acid per 100 g of cheese is determined on 2 p 
in tho liquid “whey" winch contains the of cheese weighed into a small porcelain mortar 
sugar, albumin, and salts together with a little (in the case of hard cheese), or a 250 ml conical 
fat. The value of tins by product is now being flask in the case of soft cheese), ground into s 
realised since improved and more economical fine paste with 10 ini water diluted and titrated 
methods of driving off tho water have been with 0 lN-uodium hydroxide using phenol 
in\ ented. phthalein as an indicator. 

The increase in the coagulation time with The total nitrogen may be determined by the 
renmn observed in "flash” pasteurised milk Kjeldahl method, but this figure x6 39 only 
is associated with a decrease in the w hey nitro- gives a rough indication of the original proteins 
gen (Moir, J. Dairy lies 1930, 2, 63 , 1931, 3, 80) in the unripened cheese as the protein is broken 
Tho use of pasteurised mdk for cheese making down during ripening with loss of nitrogen, 
is gaming ground. Hydrochloric acid is some- J. G 

times used to accelerate coagulation. 

Methods for the sampling and analysis of The Microbiology or Cheese. 

cheeso have been drawn up (Int Rev. Agric The role of micro organisms in cheese ripening 
1931, 25, 3, 111). Samples are taken with a is complex and still imperfectly understood 
cheese borer of a sufficient length to take cores There is, however, a well defined difference 
from the flat end of a cheese at least half way between tho mould ripened and tho “ hard " 
through. Alternatively wedge shaped slices (Cheddar) type of cheese, 
may bo cut; 1 to 2 cm. of the rind is removed The progress of events in the latter is briefly 
and a representative sample of at least 40 g is as follows . The common organisms of ordinary 
enclosed in a sealed vessel and examined without milk, including the ubiquitous coliform typei 
delay. together with certain streptococci, attack the 

Samples may be tested for fat by the Gerber proteins to a slight extent and provide * 
method, a special butyrometer being used for suitable nitrogenous substrate for the lactic 
the determination, the basis ofgraduation is that acid bacteria which are added in the form of 
1-330 ml. correspond to 10% fat, 3 g of cheese “ starter.” The starter contains streptococci 
shavings being weighed mto a special weighing of tho Sir, laetts or Sir. crmorit types, snd 
funnel for the test (British Standards Specifica- many also contain Sir. paradox or one. Starters 
tionl936,No.696, TartLp. 23). A Gerber milk may be pure cultures or mixed oultures of p uft 
butyrometer may be used instead, taking about strains. These organisms rapidly proliferate w 
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milk and their first function is to develop that 
acidity which is most favourable to rennet 
action. During their rapid growth the so-called 

miscellaneous flora ” is suppressed although 
as a rule by no means destroyed. After 
coagulation by rennet and the cutting of the 
curd, acidity continues to increase during piling 
or “ eheddaring ” until the p n of the curd 
reaches about 4-8. The addition of salt imposes 
a temporary check to growth of the streptococci, 
but within about 2 days most of the lactose 
remaining in the curcl is fermented. No lactose 
can be detected after 7 days. The acid con- 
dition of the “ green ” cheese prevents the 
growth of organisms which may break down the 
proteins with the formation of unpleasant 
compounds. The streptococci are replaced 
after about 14-30 days by lactobacilli. In 
Cheddar cheese these are of the Lactobacillus 
casci and Lactobacillus plantarum types. These 
organisms are characterised by their ability 
to grow under acid conditions and are good 
examples of the so-called “ aciduric ” organisms. 
It appears that the lactobacilli are responsible 
for the production of flavour in cheese, since if 
protein-splitting enzymes are allowed to act on 
milk solids in the presence of chloroform no 
flavour is produced although scission to lower 
compounds is well marked. While a certain 
amount of protein breakdown is accomplished 
by the lactic acid flora, this action is mainly 
duo to rennet enzymes. The flavour appears 
to be due to the formation of volatile acids and 
their esters and other derivatives. 

Although the flora of the English hard pressed 
cheese is mainly Sir. lactis, Str. cremoris, 
Lactobacillus casci, and Lactobacillus plantarum, 
other types arc present. Thus a variety of 
micrococci which are aciduric may usually be 
found in some numbers and it is possible that 
they contribute to the ripening process. Sir. 
litjucfacicns, a proteolytic type of acid-forming 
organism, may usually bo recovered from ripening 
cheese. 

In cheese which has been incorrectly made 
and in which insufficient acid has been allowed 
to develop during making, as, for example, 
when the starter fails, putrefactive anaerobic 
organisms derived from dirt or from unsuitable 
rennet may proliferate and produce vile- 
smelling compounds rendering the cheese quite 
unfit for consumption. The p u of such cheese 
is invariably much higher than that of tho 
normal (Pn=5-4) ripe Cheddar cheese. 

Other faults may be due to tho growth of 
eoliform organisms which produce gas and 
unpalatable products of fermentation. One 
lactic acid organism, Lactobacillus rudensis, pro- 
duces a brick red pigment within the cheese. 

Tho mould-ripened cheeses (Stilton) owe their 
special characters to a combination of bacterial 
and mould ripening. In the early stages much 
the same processes as in hard cheese occur. 
The lnctoso of the milk and of tho curd after 
coagulation is fermented by streptococci. 
.Since more moisture is retained in the Stilton 
curd the process of acid formation continues 
after the curd is put into moulds. After some two 
months of ripening, first by streptococci, then 
by lactobacilli, moulds mnkc their nppearance 


within the cheese. Their growth is made 
possible by the opening up of cracks, because of 
the loss of moisture by evaporation and also 
because of the looser texture of the curd (little 
or no pressure is used in manufacture). These 
moulds of the Pcnicillium roguefortii type which 
will grow in low tensions of oxygen, cause 
profound breakdown of the partially ripened 
curd with the production of quantities of 
ammonia, remove the volatile fatty acids 
produced earlier and replace them by volatile 
acids higher in the series. Considerable quan- 
tities of capri c and caprylic acids, to which the 
flavour is ascribed, make their appearance. 

A. T. R. M. 

CHEIRANTHINu. Cheiranthus Cheiri L. 

CHE1RANTHUS CHEIRI L., the wall- 
flower, contains in its seeds 1-6— 1-7% of a 
neutral substance cheirolin, 

CHySOyCHyCHyCHyNCS ; 

this forms colourless prisms, m.p. 47°-48 t> C., 
and has been synthesised by Schneider (Annalen, 
1910, 375, 207). It is unique as a naturally 
occurring sulphone and is evidently derived 
from the amino-acid methionine, 

CH 3 SCHyCHyCH(NH 2 )COOH, 

present in many proteins (c/. Barger and Coyne, 
Biochem. J. 1928, 22, 1417). Cheirolin is present 
as a sinigrin-Iike glucoside, which is hydrolysed 
by myrosin from white mustard seeds. Wall- 
flower seeds contain an enzyme capable of 
liberating mustard oil from (myrosin-free) black 
mustard Beeds (Schneider and Lohmann, Bcr. 
1912, 45, 2954). Cheirolin has been stated to 
be antipyretic (Wagner, Chem.-Ztg. 1908, 32, 
70) and to be not identical with chcirinine, 
Cj 8 H 35 Oj 7 N 3 (?), a substance isolated from 
wall-flower leaves by Reeb (Arch. exp. Path. 
Pharm. 1898, 41, 302 ; 1899, 43, 130) and some- 
what resembling quinine in pharmacological 
action. Reeb also obtained a S-free glucoside, 
cheiranlhin, which according to Jaretzlcy and 
Wilcke (Arch. Pharm. 1932, 270, 81) has a 
minima] lethal dose of 2-2 x I0~ 7 g. per g. of 
frog, and is more active than the digitalis 
glucosides ; it is present in the seeds and to a 
less extent in tho leaves. Cheirolin and clieir- 
anthin also occur in the seeds and leaves of tho 
related genus Erysimum. G. B. 

CH E I R I N I N E v. Cheiranthus Cheiri L. 

CHEIROLIN v. Cheiranthus Cheiri L. 

CHELERYTHRINE v. Ciielidoniuh 
Majus, Alkaloids of. 

CHEL1DONINE v. Chelidonium Majus, 
Alkaloids of. 

CHELIDONIUM MAJUS, ALKA- 
LOIDS OF. Eleven alkaloids have been 
isolated from C. majus; the six important bases 
may be separated into three groups, of which 
each second member differs from the first by 
having two methoxyl instead of one lncthyleno- 
dioxy-group, viz. : 

chelidoninc homochelidonine, 
sanguinarino -> chelerythrine, 
protopine a and /3-allocryptopine. 

I urthcr alkaloids isolated from commercial resi- 
dues were oxychclidonine, methoxychelidoniiie, 
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a base C ia Hj,ON r and sparteine Most 
of the chelidomum alkaloids do not only 
occur in C. majus but are somewhat widely 
distributed m the Fam. Papaveraeese, such as : 

Sanguinaria canadensis (blood-root), con- 
taining chelerythnne, n allo-cryptopine, f2 allo- 
cry ptopine, sanguinarinc. 

Olauetum luteum: chelerytbrine, sangumarine 
(uncertain), and protopine. 

Eschschohia cahforniea : chelerj thnne and 
sanguinanne (uncertain). 

Bocconta cordala : chelerythnne, a- and fi- 
allo-cryptopmc, sanguinanne (uncertain), and 
protopine. 

Stylophorum diphyllum : ckelidomne, san- 
gmnanne. 

Adlumia cirrhosa : alio- crypt tfpme. 

Zanthoxylum brachyacanlhum (Fam. Rutacese). 
ft allo-cryptopine, a and alio cryptopine. 

Preparation of the Alkaloids — .The dried roots 
are exhausted with EtOH containing acetic 
acid. The residue after distilling off EtOH is 
basified with NH 3 and extracted with CHCI, 
The residue after evaporating the solvent is 
treated with cold dilute alcoholic HCI, when 
protopine and chelidomne hydrochlorides remain 
undissolved. Excess of ammonia is added to the 
filtrate when chelerj thnne and homochelidonine 
are precipitated; a alio cryptopine may be 
obtained by extracting the mother liquor with 
CHClj. 

The starting material for the investigation of 
the chelidomum bases was usually crude 
commercial residues devoid of chelidomne. The 
reparation and purification of most of these 
alkaloids is difficult, Gadamer and Stichel 
(Arch Pharni 1924, 262, 48S) separate the 
quaternary bases Bnnguinaruie and chelerythrtne 
from other alkaloids through the pseudo 
cyanides (ef. Karrer, Ber 1917, 50, 212) 
Chelerythnne and sanguinanne may be 
separated through the tartrates (Gadamer and 
Stichel, / c ) or by fractionating the two pseudo 
cyanides with acetone (Spath and Kuffner, Ber. 
1931, 64, 1123) Another interesting way for 
/.Wjtvwjt.vM > sif fhcJfrj'tX'SJ.w fj&a r Alr.iyuv.nflw 
canadensis was reported by Bauer and Hedinger 
(Arch I’harm. 1920, 258, 168) The yield of 
total crude alkaloids in the latter case was. 
0 66, 0 77, 1 62, and 1 74% respectively. 

Chelidonlne (1), C, 0 H, t O,N,H,O. [a] D 
+ 115 4° (in EtOH), m p. 135 c -136° (anhydrous), 
crystallises in monochnic tablets and distils as 
colourless oil at 220°/0 002 mm. It is best 
freed from protopine (i supra) by purification 
with EtjO, in which (I) is less soluble; the 
free base may be rci ry stalhsed from acetic 
acid, EtOH, or from EtOH-CHCl 3 (I) is 
rcadih soluble m EtOH or EtjO, insoluble in 
HjO." B HCI, B HNOj.nndB HI arc colour- 
less and crystalline, the nitrate is apanngly 
soluble in H t O, more soluble in EtOH. 
For absorption spectrum of (I), see Brustier 
(1930, A, b26), 

(I) contains a secondary alcoholic OH- 
group; mononcetyl (I), [a] t) -rllO®. np, 163’- 
165° (m p lb-i’-lbG ,r/,(iadamerand\Vintcrfild, 
Arch. 1‘harm. 1D24, 262, 470) is obtaiued by 


treating (I) with cold acetic anhydride; fc 
crystallises from MeOH. X-acetyl^f,^ 
(I), optically inactive, m p 152° (from CHCU 
EtOH) by treating (I) with hot acetic anhydnta 
and Na-acetate (Gadamer and Dieterle, ilA 
1924, 262, 263). (I)-methme A, [aJ D —2713“ 
(in CHClj), m.p. 145°~146° from ether, ipd 
(I) methine B, [a] D —100° (Gadamer, 1924 252, 
257). 

Homochelidonine (II) (called chomocheh. 
donine in earlier papers), C S1 H j 3 0 5 N, dextro- 
rotatory, mp. 182° (from C H 3 - CO, Et), readily 
Bolublc in CHClj, less so in CHj-COjEtsnd 
EtOH sparingly soluble in Et s O. It oecun 
in commercial chelidomne residues in an amount 
of about 6% (Selle, Arch. Pharm. 1890, 228,450) 
B HCI, i ery soluble in H s O, apparently amor 
phous ; B-aunchlonde, crystalline ; B platmi 
chloride, amorphous. (II) contains twomethoxyl 
groups, one methylenedioxy. and a secondary 
alcoholic OH-group. 

Sanguinanne (III), C 20 Hj,O 4 N OH, colour- 
less, quaternary optically inactive base, crystsl 
lismg with 1 mol. of EtOH or HjO, melts 
anhydrous at 242°-243° (decomp) or at 195“— 
197° (recry stalhsed from sohents containing 
EtOH). (Ill)-pseudo-cyanide is a non-bwic 
colourless substance, soluble in Et,0, 
crystallises from CHClj-EtOH, mp. 233". 
The hydrochloride may be recovered by boiling 
the pseudo cyanide with strong HCI. (Ill) 
yields very characteristic copper red ealts 
(III) is best prepared from commercial “ chela 
domne residues ” (Gadamer and Stichel, ibid 
1924, 262, 488) or by extraction of Sanguinana 
canadensis (Schmidt, Koenig and Tietz, tbid 
1893, 231, 145). 

Earlier reports concerning (III) should be 
read with caution, as apparently the mvestigaton 
often handled a mixture of (III) and chelery 
thnne For separation, see Gadamer and 
Stichel (ie.), Spilth and Kuffner (if) 
(III) contains two methylene dioxy groups 
Gadamer and Winterfeld (i c ) by oxidi-mg 
O acetyl-(I) with mercuric acetate obtained 
(III), which at that time was colled pseudo 
chelerythnne (c/ also von Bruchhauscn and 
RwA, Err JP33) S3, iV34,\ 

Chelerythnne (IV), C S1 H U 0 4 N OH, 
colourless, optically inactive quaternary base, 
m p. 207° (from EtOH orCH 3 CO s Et) crystal 
hses with I mol of EtOH. (I\) i* readily 
soluble m CHClj or benzene, less in EtOH, 
EtjO, acetone, or MeOH The alcoholic 
solution of pure (IV) is colourless and non- 
fluorescent (IV)-pseudo-cyamde is a non- 
basic substance soluble in EtjO, m.p 260- 
261°. The salts of (IV) are intensely yellow: 
B CI+HjO, citron yellow needles; B. S0 4 . 
golden yellow needles, sparingly tolublc in 
HjO , the platini chloride and aunchlonde »r* 
also crystalline 

The best source of (IV) is .Saitjuinana cans 
densts (c/ Bauer and Hedinger. i c.) 
separation of (IV) and (III), see Spilth and 
Kuffner, (1 c ) There is the same relation 
between (1\ ) and (II) as between (IU) * rd 
(1) by ovulation of O arctyl (II) with ncrcurir 
acetate (IV) is obtained (Gadamer, Arch l’Lsrm 
1920, 258, 160) 
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a-olloCr yptopine (V) (called jS-homocheli- 
donine in earlier papers), C 21 H 23 O s N, optically 
inactive, crystallises in monoclinic prisms, m.p. 
1S9°— 160° (from CH 3 -CO,Et), sparingly soluble 
in EtOH and benzene, easily soluble in 
CHCI 3 . B-HCL+UH 2 0, needles, easily soluble 
in H 2 6; B'HNOj-ft^HnO, sparingly soluble 
in H z O ; also B-HBr and B-H I are crystalline. 
Methiodide, m.p. 185°. 

The behaviour of (V) is very similar to crypto- 
pine (q.v.) ; Gadamer (Arch. Pharm. 1920, 
258, 148) by interaction of POCl 3 and (V) 
obtained iso-fii(ocryptopinechloride identical 
with dihydro-anhydro-berberinemethochloride. 
(V) therefore has a ten-membered ring-system 
like cryptopine with a methylenedioxy-group in 
2-3-position and two methoxyl-groups in position 
9 and 10. 

/3-a((oCryptopine (VI) (called •y-homocheli- 
donine in earlier papers), m.p. 169°, crystallises 
in large, colourless tablets. It is a physical 
isomeride of (V), crystallises with the latter, and 
can be mechanically separated from the small 
prisms of (V). 

Oxychelidonine (VII), C 20 H I7 O 6 N, [a] D 
-fl02'5°, m.p. above 285°, crystallises from 
CHCI 3 -EtOH in pointed needles. (VII) is a 
non-basic substance probably containing two 
methylcnedioxy-groups. The constitution is 
still unknown, for further details, see Gadamer 
and Theissen (Arch. Pharm. 1924, 262, 578). 

Methoxychelidonine (VIII), C 21 H 21 0 6 N, 
[a] u +115° 48', m.p. 221°, colourless prismatic 
crystals from EtOH, sparingly soluble in 
EtjO, easily soluble in EtOH and CHC1 3 . 
(VIII) contains — NMe, — OMe, and two 
methylcnedioxy-groups. Tho constitution is 
still unknown. For colour-reactions and further 
details, see Gadamer and IVinterfeld (Arch. 
Pharm. 1924, 262, 589). 

Base, C 1 b H 2 ,ON 2 , [a]u -40° 42', m.p. 198°- 
199°, colourless needles, easily soluble in EtOH 
and CHClj, less in Et 2 0. The ulkaloid is 
dibasic, for further details see Gadamer and 
Winterfcld (i.c., 1924). 

Sparteine has been isolated from commercial 
“ chelidonine residues " (c/. Spath and Kuffner, 
Ber. 1931, 64, [B], 1127). 

Constitution of (I)— (IV). — As a result of a large 
number of investigations, the structures of the 
four alkaloids have recently been established 
(I)— (IV) arc derivatives of naphthophenanthri- 
dine, a ring-skeleton not hitherto known in 
alkaloid chemistry. 

F. von Bruchhausen and Bersch (Ber. 1930, 63, 
2520; 1931,64,947) obtained hydrastic acid and 
2(dimctbylaniinomcthyl)-3 : 4 • methylcnedioxv- 
bcnzoic acid by oxidation of (I), and from these 
results proposed formula A for (I) and B for (III) 

^Rj+ R 2 nnd Rj-(- R 1 =CH 2 ^ / ^ . Spilth and 

Kuffner (Ber. 1931, 64, [B], 370) obtained trimcl- 
litic acid (benzcne-l:2:4-tricarboxylic acid) by 
oxidation of A’-acctyl-anhydrochclidoninc with 
nitric acid, and hydrastic and tsohydrastic acid 
(the latter corresponding to von Bruchhauscn’s 
basic degradation products) by oxidation of (1) 
with permanganate. These authors also obtained 
a-nnphthophenanthridinc by zinc-dust distil- 
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lation of (III) and (IV). By oxidation of 
(IV) Spath and Kuffner {ibid.) 1123 obtained 
m-hemipinic acid and hydrastic acid, they 
attribute to (II) formula A and to (IV) formula 

B ^Rj and R 2 =OMe ; Rj+R^CH,,/ 

For a further proof of the relationship of (II) 
and (IV), see Spath and Kuffner (Ber. 1931, 64 
2034). 



R a CH 

B. 


Physiological Action of Chelidonium Alkaloids. 
— (IV) is poisonous, it paralyses the central 
nervous system without any increase in irrita- 
bility, resembles protopine in its muscular 
action, and first irritates and then paralyses the 
sensory nerve terminations (Henry, “ Plant 
Alkaloids,” 2nd ed., p. 253). 

(I) and (II) are only slightly toxic, (I) resembles 
papaverine in its action and could be used 
as an antispasmodie. Tho pharmacological 
action of (I) was studied in greater detail by 
Hanzlik (Zentr. Phvsiol. 1914, 28, 551 ; J. 
Pharm. Exp. Ther. 1915, 7, 99 ; J. Amer. Med. 
Assoc. 1920, 75, 1324; J. Pharm. Exp. Ther. 
1921, 18, 63 ; 1928, 33, 387). 

None of the chelidonium alkaloids are used as 
such in medicine; tincture of sanguinaria is no 
longer included in the “ United Statue Pharma- 
copoeia.” Schl. 

“ CHELLAK ” v. Chellolglycoside. 

CHELLOL v. Cheixolqlycoside. 

CHELLOLGLYCOSIDE, 

Cj 3 H 2 o0 10 2Aq., 

m.p. 175°, [a]j, —31-9°, is present in the seeds 
of Ammi Yisnaga, an umbelliferous plant 
common in the Kile Delta and termed “ chellak ” 
by the natives (Fantl and Salem, Binchem. Z. 
1930, 226, 166). 

Acid hydrolj'sis yields glucose and an aglucone, 
chelloi, C I3 H I0 O 5 . Alkaline hydrolysis yields 
d-glucosido-glycollic acid (Fischer and Hclferich, 
Annalen, 1911,383, 83) and a product, C n H I0 O<, 
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which contains an apyrone ring. The glyco- 
side is provisionally formulated as 

CH CH 

VoC,H u O s 

c 3 h *°C II i 


although the result of the alkaline hydrolysis 
indicates that glycollic acid is the middle unit of 
the molecule E. F. A 

CHEM AW I N I T E t . Amber or SrccrsiTE. 

CHEMICAL AFFINITY. Fromtheearly 
period, when the study of chemistry was begin 
lung to develop into a science, the causes that 
determine the direction and velocity of a 
chemical reaction have always excited interest 
The term chemical affinity arose from the 
attempt to find some scale by which the 
tendency of compounds to react could be 
measured. Tables were compiled in which 
related substances were arranged in the order 
in which they would replace one another from 
their compounds Bergman m 1775 published 
such a list, which became known as an '* affinity 
table," although the same idea had been put 
forward by St F. Geoffrey as early as 1718 
Such attempts at classification invariably 
broke down when more than a few elements 
were considered Equally unsuccessful was 
the suggestion by Wenzel (1777) that the 
actual velocity was a measure of affinity. 
Finally Thomson approached the problem 
id terms of the heat evolved from the reaction, 
which later led to the satisfactory represents 
tion of the energy changes involved in terms 
of the Gibbs Helmholtz equation. But neither 
thermodynamics nor the applications of 
modern theoretical physics a3 yet enable us to 
prophecy the kinetics of a reaction (see "Thermo 
dynamics of Chemical Equilibrium and Re- 
action Rates," M G. Evans and M Polanyi, 
Trans. Faraday Soc 193G, 32, 1333) On the 
other hand, increasingly careful quantitative 
work has been earned out on the influence 
of concentration, temperature, pressure, and 
the presence of foreign substances on the course 
and products of reactions The object of this 
article is to give an outline of the methods 
employed and the results obtained in this study 
Velocity of Chemical Reactions. 

The rate of a chemical change depends on the 
nature of the reactions and the temperature at 
which it is taking place At a suitable 
temperature, conditions can be found for all 
reactions in winch the velocity can be measured 
in tho laboratory. The reaction, proceeding 
in a homogeneous phase, can be represented 
generally as A+If+ete =C+D x etc Assum- 
ing that finally A and IS ore completely truns 
formed into V and D, the problem is to 
■Ittcrumic tho connection between the concen- 
trations of A and IS and the velocity of their 
transformation into IS ond C. 

In a homogeneous sy stem the problem can be 
approached from the molecular kinetic theory. 


A and B can only react when their molecules 
come into collision and even then only a certain 
percentage of those collisions will lead to com- 
bination. Hence the rate of disappearance of 
A and B will be proportional to the number of 
collisions betw een them, and this is proportion^ 
to the product of their concentrations. 

The foregoing argument may he expressed 
mathematically. If o is the concentration of a 
substance A, and h is the concentration of a 
substance B at the beginning of the reaction, 
then the initial velocity of the change 
is given by the equation T' 0 =t 1 a6, where 1, 
is a proportionality factor, the numerical value 
of which is independent of the concentration* 
of the reacting substances, and varies only with 
temperature and other external conditions If 
the reaction is allow ed to proceed for an interval 
of time (, and if x represents the extent to which 
the concentrations of A and B have been 
diminished by the progress of the change, then 
the velocity J’f at time t is given by tho 
equation l'(=X,(a— z){6— a:), It is obvious 
that 1'j must be less than l’ 0 , and that the 
velocity of the reaction must dimmish con 
tinuously from the start onwards : Fj therefore 
represents the v elocity of the reaction only for 
an infinitely short space of time. This velocity 
•s defined by tho rate at which x is, at that 
moment, increasing with the time, and if, using 
the language of the differential calculus, v« 
indicate by dx the extent to which a increasci 
m the infinitely short space of time dt, we may 
wnto Fj= ~^=I,(a-x)(6-x). 

The applicability of the law of mass action, 
as expressed in Che foregoing foimuls, is lies! 
appreciated by referenco to a particular case, 
such as the inversion of sucrose. Although this 
change, winch may be represented by the 
equation C 1 ,H a 0 11 + H 2 0=2C e H„0 4 , takes 
place with appreciable velocity only in the 
presence of n catalytic agent such as hydro 
chloric acid, jet the latter is found unaltered 
when the reaction is over, and the inversion of 
sucrose may be regarded as a particular case of 
the reaction A+B=C+D. The fact that the 
inversion is earned out in aqueous solution 
permits a simplification of the formula 

the water taking part in the reaction is a small 
fraction of the total water present, so that i 
niaj be neglected in comparison with b, and we 

may write — =J(a— x), where k—kj). Inte- 
gration of this equation leads to the formula 
I = - log c ^ in which, as already indicated, 
a is the initial concentration of sucrose, anil 
a— x is its concentration after the inversion !>»' 
Proceeded for t units of time. 

The above is the general formula for a reaction 
Where one molecular species is changing m eon 
c-entration — a umniolecular or first onlcr 
reaction. To test tho formula it is only neces- 
sary to follow the change in concentration oi 
Sucrose with time by observing tho change iu 



531 


CHEMICAL AFFINITY. 


the angle of rotation of polarised light in a 
polarimeter. The test solution must, of course, 
meanwhile be kept at constant temperature by 
a suitable water jacket. 

The angle of rotation is determined at the 
beginning of the change, at subsequent intervals, 
and finally when the change is complete. If we 
indicate by 6 0 , 6, and B a the initial angle of 
rotation, the angle at a time t from the start, 
and the final angle respectively, then 8 0 —9 a is a 
measure of a, the total sucrose undergoing in- 
version ; and 8—6 a is similarly a measure of 
a—x, the sucrose which has still to undergo 

^ Q Q 

inversion after time t. Hence = — —~ ; and 

a—x 8—o a 

the formula which should represent the course 

of the inversion becomes k=- log e -°— 

t o — Va 

From the ascertained values of I, 9 n , 6 and 6 a , 
it is easy to discover whether the expression 
on the right-hand side of the equation- is con- 
stant or not. The experimental data recorded 
in the following table show how far in a particular 
case the actual course of sucrose inversion corre- 
sponds with the velocity formula : 

Inversion of Sucrose at 25° by A r /2-HCI. 


t 

In minutes. 

0 angle of 
rotation. 

1 8n — - 

1=108.0 Q- 

0 

25-16° 

— 

56 

16-95° 

0-00218 

116 

10-38° 

0-00218 

176 

5-46° 

0-00219 

236 

1-85° 

0-00219 

271 

-3-28° 

0-00221 

indefinite 

-8-38° 

— 


The expression evaluated in the last column 

1S t ° gl ° T^Oa lnstead of f °® e JZg- ’ but > 
obviously, if the value of the former expression is 
constant, the value of the latter must be so.also. 
Tho figures in the last column are satisfactorily 
constant, and the figure 0-00219 may therefore 
bo taken as the velocity coefficient for the in- 
version of sucrose under tho specified conditions, 
viz. at 25° and in presence of iV/2-HCl. 

Two characteristics of unimolecular reactions 
which are implicit in the formula deserve em- 
phasis. First, for all unimolecular processes the 
amount of change occurring in a given time is a 
constant fraction of the unchanged material 
still present. This follows from the funda- 
mental equation and is obvious when it is 
dx 

written in the form —kdt. It shows that 

a—x 

tho numerical value of k is unaltered whatever 
concentration terms are chosen to represent x ; 
a point where unimolecular changes differ from 
those of higher order. The second feature is 
that the amount of material transformed in a 
given time is always the same fraction of the 
substance present at the beginning of the 
period considered, however widely this be varied. 

Innumerable examples of reactions that 
quantitatively follow a unimolecular course arc 
known ; but the majority of them resemble the 
inversion of sucrose in thatalthoughthc first order 
equation is followed, more than one molecule 


enters into the change, which is consequently 
only pseudo-monomolecular. Indeed, before 
the decomposition of nitrogen pentoxide was 
studied the radio active transformations were 
the only true examples of this type of change. 
The work of Daniels and Johnston (J. Amer. 
Chem. Soc. 1921, 43, 53) on nitrogen pentoxide 
was fundamental ; it showed that the reaction 
was a true homogeneous gas reaction and marked 
the start of a series of researches which have 
built up the modem science of reaction kinetics. 
The decomposition of nitrogen pentoxide takes 
place with a change in the number of molecules : 
2N 2 0 5 =2N 2 0 4 +0 2 . Consequently- it could 
be followed by the pressure differences recorded 
by a thin all-glass manometer of the Bourdon 
gauge type which also served as tho reaction 
vessel. The apparatus was evacuated and filled 
with nitrogen pentoxide vapour to the required 
pressure through a capillary tube, which was 
then sealed off. The progress of the reaction at 
a given temperature was followed and the value 
of the velocity constant evaluated from the usual 
formula, but representing concentrations in 

terms of pressure pk— - logs — — °, where 
t Pa~Pt 

p 0 , pt, and p a are the pressures at the start, 
after a time i, and at the end of the reaction 
respectively; k was found to be independent 
of changes in the walls of the vessel and its size, 
and seemed to depend solely on temperature. 
These results have been confirmed and extended 
by a number of workers (see Hirst, J.C.S. 1925, 
127, 657 ; Hunt and Daniels, J. Amer. Chem. 
Soc. 1925, 47, 1602), who showed that the 
introduction of foreign gases like carbon 
monoxide, chlorine, nitrogen and argon pro- 
duced no change in the value of k. The velocity 
constant was unchanged by intensive drying, or 
when the decomposition took place in solution, 
or by changes of pressure until values of a 
hundredth of a millimetre were reached, al- 
though at still lower pressures k begins to 
decrease ; see Sprcnger (Z. physikal. Chem. 
1928, 136, 49); Eyring and Daniels (J. Amer. 
Chem. Soc. 1930, 52, 1472) ; and Hodges and 
Linhorst (Proc. Nat. Acad. Sci. 1931, 17, 28) ; 
Linhorst and Hodges ( J. Amer. Chem. Soc. 1934, 
56, 836). Only a small percentage of the mole- 
cules are in process of decomposition at any 
one time and some explanation is needed 
why the majority remain unchanged. Arrhenius 
in 1889 suggested that only those molecules 
with an energy content greater than a limiting 
value E would react. This conception of the 
heat of activation also enabled him to explain 
the great influence of temperature on the speed 
of a chemical process. This effect is generally 
mcasured by the temperature coefficient which is 
the change in the velocity of the reaction for an 
increase of temperature of 10°C. For practically 
all homogeneous reactions its value is between 
2 and 4 ; the vital processes of animal and 
vegetable metabolism having the same tempera- 
ture coefficient as the simplest chemical re- 
actions. Arrhenius deduced* the following re- 
lationship ; 

d Iog e k E 
dl ~ET- 



532 


CHEMICAL AFFINITY. 


. *t B/ l l\ 

los ‘i:,-J!Vr, tJ 


where k is the reaction velocity constant, H 
the gas constant, T the absolute temperature. 
E the heat of actuation. By following the 
reaction at different temperatures the heat 
of activation for nitrogen pentoxide can be 
calculated It was found to be 27,400 cals per 
mol. both for the decomposition in the g««eous 
state and in solution ; indicating that the 
mechanism is similar in both cases 

Three important theories have been advanced 
to explain the mechanism by which the heat of 
actuation is taken up by the molecule before 
reacting The first of these is the radiation 
theory which was put forward by Perrin in 1919, 
the second the chain theory of Christiansen and 
Kramers, and the third the collision theory of 
Lmdemann If the molecules were actuated 
by direct collision the reaction would follow a 
In molecular course , consequently Perrin (Ann. 
Physique, 1919, [is], 11, 1) argued that radiation 
was the means by which the energy was tram 
ferred. Although attractive, the hypothesis 
was completely discredited when it was shown 
that nitrogen pentoxide decomposed at the 
samo rate when strongly illuminated with radia- 
tion that would supply the above energy ; also 
that much greater energies could be supplied 
from light of shorter wave-length without 
producing any effect Similar results have 
been obtained for the decomposition of nitrous 
oxide and of ozone. 

Christiansen and Kramers (Z. physikal Chem 
1923, 1M, 451) suggested that the heat of 
reaction as well as the original heat of activation 
are transferred from the product of decora 
position to another molecule of the reacting 
substance thereby actuating it. If this were 
so reaction chains would be set up which 
would continue until the energy was lost either 
by collision with nn inactive molecule or against 
the walla of the vessel The chain theory has 
had much success in explaining photo chemical 
reactions and certain reactions of other types, 
6af rf eftjes not affbni a sadsftctoiy explanation 
of the decomposition of nitrogen pentoxide. 
If energy is transferred to inert molecules the 
introduction of a foreign gas should decrease the 
rate of reaction and make it approach a second 
order reaction. This has not been o been ed, and 
Tolman (J. Amer. Chem. Soc. 1925, 47, 1524) 
has shown that the homogeneous reaction is 
endothermic, and that the products are there- 
fore unable to pass on sufficient energy to 
activate a single molecule of nitrogen pentoxide. 

Lindemann (Trans. Faraday Soc. 1922, 17. 
598) put forward the basic assumption of the 
collision theory, which states that the reacting 
molecules acquire their energy of activation by 
collision, but that they do not decompose im- 
mediately. They will consequently tend to 
lose this energy, and, therefore, only a per 
centage of them present at any given moment 
will succeed in decomposing, historically it 
has been found that no impossible assumptions 
have to be made to explain reactions by this 
mechanism, and many experimental result* 


can be explained admirably. If the pressure 
of a gas is reduced the number of collisions will 
also Jail off until the time between each collision 
becomes equal to the time between activation 
and decomposition. At still lower pressures 
the rate of reaction will depend on the number 
of collisions and will decrease with the pressure. 
This has been observ ed in the case of nitrogen 
pentoxide by Sprenger (Z. physikal. Chem 1928 
136. 49), and E. F. Linhorst and j. H. Hodges 
(1 c }, also by Hinsbehiood for several other 
homogeneous reactions. Hinshelwood also found 
that the decrease in the rate did not occur if 
a sufficient amount of hydrogen were present. 
A purely' chemical reaction is ruled out as there 
is absolutely no effect at higher pressures, but the 
hydrogen molecule moves at a high speed, and it 
has five degrees of freedom, which means that it 
has a large aipount of energy available for transfer 
It is consequently able to keep and to maintain 
the Maxwell distribution of energy among the 
molecules of the reacting gas, and hence tha 
supply of actn c molecules, which would other- 
wise fall short of the number required to keep 
the reaction proceeding normally. 

For bimolecular reactions, that is, reactions in 
which tw o molecules are concerned, the fund*. 

mental velocity equation is ^=I(a— *){&-*), 
as indicated in the argument on ummolecularre- 
actions Integration of this equation leads to the 

formula L= . 1 .J og /!."*? - If, however, 
{a—o)t a(b—x) 

the tw o reacting substances have the same initial 
concentration, that is, if a=b, the integrated 

formula is * — - 

fa(a-z) 

A tjpieal case of a bimolecular reaction, or 
reaction of the second order, is the saponifi- 
cation of an ester by an alkali. Under suitable 
conditions of temperature and concentration, 
the velocity of saponification is measurable, 
and the progress of the reaction can bo deter- 
mined by extracting samples of tho reaction 
mixture from time to time and titrating for free 
alkali. The figures in the following table, 
nftfrrnrng- to the aupvmfiivttott ooeMf 

by sodium hydroxide at 24-7®, will serve to 
show how far the experimental data are in 
harmony with t)ie formula just recorded. The 
reaction mixture in this case was NJ 40 in relation 
to both ester and alkali, and the figures under 
(a— x) in the table are the volumes of a standard 
acid solution required to neutralise 10 c c. of 
the reaction mixture : 


t (min ) 


(<!—*). 
804 
5 30 
4 58 
3 91 
3 51 
3 12 
2 74 


T(a-i) 


0129 
0126 
0-132 
0129 
0131 
0129 
0 131 


The figures in the last column are satisfactorily 
constant, and confirm the application of the UW 
of mass action to a bimolecular reaction 
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The collision theory, indicated in the treatment 
of unimolecular reactions, can be applied to 
those that appear to follow a bimolecular course. 
It suggests that the only difference between the 
two types is the interval of time between activa- 
tion and decomposition. If this is small com- 
pared with the time between two successive 
collisions the reaction follows the bimolecular 
equation, but if large the .unimolecular. The 
full treatment of bimolecular reactions lends into 
the discussion of reaclionkinelics, which is beyond 
the scope of the present article (c/. C. N. Hinshcl- 
wood, J.C.S. 1935, 1 111 ; C. C. Steffens, J. Chem. 
Educ. 1935,12, 115). 

The probability of a simultaneous collision 
between three molecules is relatively small, and 
few examples of reactions of this type are known. 
The best known is the combination of nitric 
oxide and oxygen: 2N0-f-0 2 =2N0 2 (M. 
Bodenstein, Z. physikal. Chem. 1922, 100, 68). 
The heat of activation of this reaction is of the 
order of a few thousand calories and the tem- 
perature coefficient is actually less than unity. 
It is difficult to distinguish between a true tri- 
molecular collision and the formation of a 
complex which then reucts with a normal binary 
collision (see L. S. Kassel, “ Kinetics of Homo- 
geneous Gas Reactions ” ; H. Gershinowitz and 
H. Eyring, J. Amer. Chem. Soc. 1935, 57,. 985). 

Adopting the system previously used we can 
represent a trimolecular reaction as A + B+C 
dx 

= I>4-ctc.,and we have =k 3 (a—x)(b—x)(c~x ) ; 
this gives on integration 


a c 

where 


1 , a 1 b 1 c 


a'-(a—b) 
ii'=(6— c) 
c'—(c— a). 


If all the reactants have the same initial con- 

dx 

centration the forms reduce to j Aq(o— a:) 3 4 5 and 


fr = i 1 /— i U 

3 1 2\(a-x) i a 2 / 


Many reactions nre known which are complex 
in character. One of the best known of these 
is the formation of hydrogen bromide from the 
elements. The experimental results obtained 
by Bodenstein and Lind (Z. physikal. Chem. 
190G, 57, 1G8) were represented by 

d[HBr] [H 2 ][Br„|- 


dl 


i + I1 B _i 

10lBr 2 ] 


The reason for this formula was not given until 
1920, when the following series of reactions was 
disentungled (K. F. Herzfeld, Z. Electrochem. 
1919, 25, 301 ; M. Polanyi. ibid. 1920, 26, 49) : 

(1) Br„=23r 

(2) Br+H 2 = HBr+H 

(3) H+ Br„=HBr4-Br 

(4) H-}-HBr=H 2 +Br 

(5) Br-pBr-Br. 


For a steady condition the concentrations of 
H and Br will be unchanging, and it can then 
be shown that these five processes require an 

expression for H Br) identical with that 

given above. Many reactions occur by means 
of such chains ” of atoms or activated mole- 
cules, and under suitable conditions the nverage 
number of steps may become very large. If 
there is the possibility of the chain “ branching ” 
so that one active centre is at some stage con- 
verted into two or more the reaction may become 
infinitely fast and an explosion occurs (see 
N. Semenoff, “ Chemical Kinetics and Chain 
Reactions,” Clarendon Press, Oxford, 1935). 


Chemical Equilibrium. 

The reactions discussed in the foregoing section 
have all been changes which proceed from left 
to right until at least one of the substances has 
disappeared. There are many reactions, how- 
ever, which do not belong to this type, inasmuch ° 
as they come to a stop while all the reacting sub- 
stances are still present in the mixture. Sup- , 
pose, for instance, that the reaction between 
two substances A and B is of this description, 
and that C and D are the products of the 
reaction ; then the change proceeds until a 
state of equilibrium is attained at which all 
four substances are present. It is further found 
that if the products C and D are brought 
together, they react to form the substances A 
and B, while the final state of equilibrium 
reached is the same as in the previous ease. 
This is known as a balanced or reversible reaction, 
and in the corresponding equation a doublo 
arrow is substituted for the usual sign of 
equality, thus : A + B^C+D. 

The progress of a reversible reaction towards 
its equilibrium position may be regarded ns the 
resultant of two opposed velocities, one the 
velocity (tq) with which the substances on the 
left react to form those on the right side of the 
equation, and the other the velocity (a 2 ) with 
which the substances on the right side react to 
from those on the left. Writing the equation 
in its most general form, 

mA+nB+ etc.^pC-f qD+ctc., 

where m, n, p, q, etc., are the number of molecules 
of A, B, C, and D respectively that are involved 
in the transformation. Then if a, 6 , c, and d be 
the concentrations of the reactants, and the 
law of mass notion be applied, we can write 
v l —k l a"‘b n and v„ — k z cl’d'i, and the observed 
velocity is the difference between r, nnd r t . 

\\ hen the equilibrium condition is reached the 
forward and the backward reactions will be 
equal, i.e. iq— -r 2 , and the corresponding con- 
centrations of the materials may be written 
a e> be, c r , and d e . Then since iq~t> 2 


k ; a m b n 


where K c is known as the equilibrium constant, 
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anti its numerical v nJoc defines the relationship 
which must exist between the equilibrium con- 
centrations of the substances involved in a 
reversible reaction. When the materials are 
gases their concentrations may be measured 
by their respective partial pressures P a , Pt, P& 
and Pd, and the equilibrium constant using these 
units is written A',.. 


P¥, . etc. 


F”P? • etc. 


If (a+b—c—d) is not equal to zero the numerical 
\ alues of A' c and Kp will not be identical, but 
will be related by the following expression 
provided that the pressures are eo lowr that the 
gas equation P I'—liT can be applied : 


K t *-K p {RT)l a+b - C ~ d) 


In discussing the application of the law of 
mass action to reversible reactions with the 
help of the equilibrium fonmil.i, we shall deal 
first with cases in which the reaction system is 
homogeneous As an example, the equilibrium 
between carbon dioxide, hydrogen, carbon 
monoxide and water vapour may be considered ; 
the reaction m question is represented by the 
equation CO t -t- H,^CO+ H,0, and is ob- 


viously of the type A+Z?^6’+ D In Hahn’s 
f this equilibrium (Z. physikal. 


Equilibrium mixture 

CO HjO H, x 
10 i 80 0 0 7li 9 46 0 46 80 38 I si 

301 *;?? J . 18 23 00 23 00 <08 2 im 


51 9 2136 27 88 27 88 22 88 ... 

60 9 30 1 34 20 20 61 26 61 12 58 u, 

70 3 20 7 47 66 22 79 22 79 6 76 m 


i\estigation of 
Chem. 1903, 44, 513), platinum was used as a 
catalytic agent, and on this ground the objection 
might be raised that the reaction as studied by 
that investigator is not really homogeneous. 
A true catalytic agent, however, as will be 
show n in greater detail at a later stage, docs not 
affect the position of equilibrium in a reversible 
reaction, but merely lessens the time required 
for the attainment of cquibbnum. The reaction 
which takes place between carbon dioxide 
and hydrogen, or between carbon monoxide and 
water \apour in contact with platinum, may 
therefore be regarded as a homogeneous re 
action In Hahn's experiments, mixtures of 
the gases were passed through a heated quartz 
w pOTwhirfii Vtfws containing spongy jfia'tmum. 
Pronded that the rate of passage was alow 
enough to allow the four gases to come into 
equilibrium with each other, analysis of the 
issuwp gas gave the equilibrium concentra- 
tions Cco t , C H,, Cco, and Ch s o The relation 
ship between these required by the law of mass 

C co Ch,0 

action is K — — , and the validity of the 

t'COj • f'H, 

law in the case ol this reaction is shown by the 
fact that the v aluc of K obtained is, for a given 
temperature, the same when carbon dioxide 
and hydrogen, in varying proportions, are 
allowed to react as w hen carbon monoxide and 
water vapour arc taken as the initial sub- 
stances A few figures obtained by Hahn at 
936* will serve to support this statement. 
Mixtures of carbon dioxide and hydrogen, in 
the proportions shown in the following table, 
were passed through the reaction vessel, and 
from anah sis of the issuing gas the v alues of K 
were calculated by the above formula. 


Experiments were made, also at 986*, in which 
the initial mixture 'contained carbon monoxide 
and water vapour ; the mean value of A 
deduced from these experiments was 15J, 
slightly lower than the average of the figures 
recorded in the table. The discrepancy, however, 
is not great, and the numerical data quoted 
suffice to show that the balance established 
between the four gases, whatever be their 
initial concentrations, is adequately defined by 
the mass reaction formula. 

The early work on the production of ammonia 
from the elements may be used to illustrate the 
changes m K with pressure and temperature 
This reaction foims the foundation of the 
immense industry for the production of svn 
thetic ammonia (q ».) and nitrates which has 
grown up in the last 20 years. There is a very 
large patent literature on the subject which can- 
not be considered here, but a summary by A 
Mittasch and W. Frankcnburger of the growth 
and development of the industry will be found 
in Z. Electrochem. 1929, 35, 920. 

Although, as Deville showed 50-60 years ago, 
even prolonged exposure of ammonia to electric 
sparks leaves a trace of the gas undecomposed, 
and a minute quantity of ammonia is formed 
when a mixture of nitrogen and hjdrogen is 
passed through a heated tube, it was rot until 
the early years of the present century that the 
reversibility of the reaction was properly 
appreciated and an attempt made to apply the 
principles of chemical equilibrium. The physico- 
chemical investigation of the equilibrium 
N,+ 3 Hj^2NHj has been carried out mainly 
by Haber and his collaborators (see Z. Elektro 
chem. 1914, 20, 597 ; 1915, 21, 89, 128, 191, 
20G, 228, 241 ; also A. T. Larson and P. L 
Dodge, J. Amer. Chem. Soc. 1923, 45, 2918 , 
A. T. Larson, i bid. 1924, 48, 367). 

Granted that there is a genuine equfiforitfli 
between nitrogen, hydrogen, and ammonia, Le 
Chateher’s principle indicates clearly that at 
any given temperature increase of pressure wui 
shift the equilibrium position in faiour ot 
ammonia. This can be expressed by the 
equilibrium constant in terms of the partial 
pressures : 




It is customary to change this slightly by bring- 
ing the concentration of ammonia to a unit 
power, when 


, Pnh, 

Ajj=v Kp**- r j- 

A- P k 


Since at high temperatures the equilibnii 
concentration of ammonia is relatively *®aU, 
great error is made, subject to that condi io » 
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by writing Pn 2 +Ph,=P, where P is the 'total 
pressure. If, further^ the nitrogen and hydrogen 
have been taken in the exact proportions 
required by the equation N 2 -f 3H 2 =2NH a , 
these relationships can be coupled with 
the expression for the equilibrium con- 
stant and it follows that P8lH a =P-325.AxP 2 . 
Hence, for low' concentrations of ammonia, the 
partial pressure of this gas in the equilibrium 
mixture is proportional to the square of the total 
pressure. 

If x is taken to represent the volume per- 
centage of ammonia in the equilibrium mixture, 

x= 100 • — 32-5A'P. This relationship, 

P 

according to which the volume percentage of 
ammonia, for small concentrations, should be 
proportional to the total pressure, is borne 
out by tho figures for the lowest ammonia con- 
centrations in the following table, which is taken 
from Larson’s paper. The figures given refer 
to the equilibrium percentages of ammonia 
which were formed from mixtures of 3 parts of 
hydrogen and 1 of nitrogen at the temperatures 
and pressures specified. 

Percentage of Ammonia at 
Equilibrium. 

(Calculated from experimental data obtained 
at the F.N.R.L. 1 ) 


Temp. 

°C. 

r~ 

10 

30 

-Pressu 

50 

rc (atn 

100 

a. abs.) 

300 

, 

GOO 

\ 

1,000 

200 

50-OG 

07-50 

74-38 

81-54 

89-94 

95-37 

98-29 

230 

28-34 

47-22 

50-33 

07-24 

81-38 

90-00 

90-17 

300' 

14-73 

30-25 

39-41 

52-04 

70-90 

84-21 

92-55 

350 

7-41 

17-78 

25-23 

37-35 

59-12 

75-G2 

87-40 

400 

3-85 

10-15 

15-27 

23-12 

47-00 

05-20 

79-82 

450 

2-11 

5-80 

9-15 

10-43 

35-82 

53-71 

09-09 

500 

1-21 

3-49 

5-50 

10-01 

20-44 

42-15 

57-47 

550 

0-7G 

2-18 

3-45 

0-82 

19-13 

31-03 

41-10 

000 

0-49 

1-39 

2-25 

4-52 

13-77 

23-10 

31-43 

050 

0-33 

0-90 

1-53 

3-11 

9-92 

10-02 

20-70 

700 

0-23 

008 

1-05 

2-18 

7-28 

12-00 

22-87 


1 Fixed Nitrogen Eescarcli Laboratory. 



The above figures enable Kp to be calculated 
between any desired pressure and temperature 
limits. The typo of variation observed when 
this is done is shown by the following table : 

Equilibrium Constant, Kp. 

Temp. ”0. Pressure (atm. abs.). 

300 000 1,000 

450 0-008S4 0-01294 002328 

475 000074 000895 001493 

500 000498 0-00051 — 

It will be observed that quite large variations 
of Kp with pressure are here beginning to appear. 
This is due to the very high pressures employed 
which aro causing tho gases to deviato very 
considerably from the conditions laid down 
when the equilibrium constant was deduced. 
At pressures of the order of one atmosphere tho 
deviations of Kp are small. It is clear that tho 
highest percentage conversion of nitrogen and 
hydrogen into ammonia is secured by working 
at a high pressure and a low temperature. In 
large-scale work, however, there is obviously 
a limit to tho practicable pressure; nevertheless, 
modern research has produced alloys from which 


apparatus can be manufactured to work at 
approximately 1,000 atm. A lower limit is 
likewise set to tho temperature which can 
profitably be employed in practice by considera- 
tions of velocity. By themselves, nitrogen and 
hydrogen combine very slowly at temperatures 
below 1,000°, and it is only in the presence of 
catalysts such as osmium, uranium and iron 
that the reaction is reasonably rapid at tempera- 
tures where the yield of ammonia is satisfactory. 
A big yield and a high velocity of reaction cannot 
be achieved simultaneously, and a balance has 
to be struck at the temperatures which give 
the best economic results. On the technical 
scale the temperature employed is generally 
500°-600°C., and the mixed compressed gases 
are circulated over the heated catalyst in such a 
way that the ammonia formed is continuously 
removed by refrigeration or absorption. It 
should be pointed out that in the manufacturing 
operation the rate of passage of the gases over 
the catalyst may be too rapid to permit the 
reaching of equilibrium at each stage ; it may 
be more sound economically to maintain the high 
rate of flow at the expense of the yield (see 
Maxted, J.S.C.I. 1918, 37, 232). 

Many other gas reactions of technical im- 
portance, as well as of scientific interest, have been 
investigated and can be represented in terms of 
the law of mass action. The oxidation of sul- 
phur dioxide by oxygen on a platinum or ferric 
oxide catalyst is probably the best known. 
Bodenstein and Pohl (Z. Electrochem. 1905, 
li, 373) showed that the constant 



was independent of the initial concentrations 
of the reactants, and of the presence of an inert 
gas — nitrogen. The values of Kp at a series of 
temperatures are given in the following table.- 


Temp. °C. 

K x 10 3 . 

528 . . . . 

. . . 0-015 

579 . . . . 

. . . 0-077 

627 . . . . 

. . . 0-32 

680 . . . . 

. . . 1-12 

727 . . . . 

. . . 3-54 

789 . . . . 

. . . 12-6 

832 . . . . 

. . . 28-0 

897 . . . . 

. . . 81-6 


It will be observed that K is increasing rapidly 
with temperature; the cause of this change will 
be dealt with in a later section. 

The cases of equilibrium discussed so far have 
been those in which gases alone aro involved. 
There are, however, many homogeneous re- 
versible reactions in which liquid or dissolved 
substances take part. A classical example is 
tho reaction between ethyl nlcohol and acetic 
acid, represented thus : 

CHyCOOH+CjHyOH 

;=£ CH 3 -COOC 2 H 5 -f H.O 

If 1 mol. of acid and 1 mol. of alcohol are heated 
in a sealed tube at 100° for a sufficient time, 
examination of the reaction mixture shows that 
it contains J mol. each of acid and alcohol, and 
5 mol. each of ester and water. If, then, 1 mol- 
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of ester and 1 mol. of water are mixed and 
treated in the same w ay, the equilibrium mixture 
finally obtained has the same composition as 
in the first case. The reaction therefore is 
truly reversible and the equilibrium constant 

is given by the equation K =.~~~ ■ where 
Lae • Lai 

C t , <V, C a r, and Cal ar e the equilibrium con- 
centrations of the four substances. If t repre- 
sents the volume of the equilibrium mixture in 
litres, then for the case w here 1 mol. each of 
arid and alcohol are taken initially C*=C»>=* 


solutfe was dissociated by solution into two 
charged ions *4B -*• .4 x- + B\ Ostuald pointed 
out that the reaction was referable, since on 
concentrating the solution the solid solute could 
once more be separated from it, and that the 
reaction should consequently be represented 
+ Applying the law of mass action 

we obtain It is more convenient, 

however, to change the form somewhat »nd 
consider a \ olunie v of solution which has dis- 
soiled in it 1 g mol. of the electrolyte jf» 
certain fraction x of this material dissoeiatei 


and Cac^Cal^-t whence A' =4 It should be 
pointed out that the composition of the equili- 
brium mixture may safely be determined by 
titrating the free acetic acid, for the velocity 
of the reaction between ethyl alcohol and acetic 
acid is negligibly small at ordinary temperatures 
If the law of mass action is strictly applicable i 
to the reaction under consideration, then the 
value of A' obtained in experiments in which 
alcohol and acid are taken in other than mole- 
cular proportions should also be 4. Suppose, 
for instance, that m mob of alcohol are allowed 
to acton I mol. of acid, and that after equilibrium 
has been reached, the fraction x of a molecute 

of ester has been produced , then -, 

C a c~l — *, and C a i=™ — - j so that 
v v 

A -._ 

(I— *)(m— *)' 

Instead of observing whether the insertion of the 
known values of m and x in this formula gives 
the value 4 for K, the applicability of the mass 
action Ivw may be tested by taking A'=4 and 
ascertaining whether the value of x calculated 
by the formula for a given value of m is in 
agreement with the value of x determined 
experimentally This procedure has been 
adopted in the actual investigation of the case, 
with the following results 

x found x calc 


into ions their concentrations will be given by-. 
The amount of the undissociated electroly tc felt 
will be (I— x) and its concentration 

Substituting these values in the first equation, 
the common formula of the Ostwald diiaficm 

law is obtained, A— ^ X ^ r . 

This expression was first tested with relatively 
poorly conducting solutions (weak electrolytes) 
such as acetic acid and ammonia. The easiest 
method of doing this was to measure the 
electrical conductivity of the solution under 
standard conditions and use this as a measure 
of the number of charged particles (iobi) 
present in the solution. If the specific con 
ductivity of the solution be multiplied by the 
reciprocal of the concentration of the electrolyte 
in gram molecules per litre (dilution) a term u 
obtained — the equivalent conductivity — which 
represents the conductivity imparted to a 
solution under standard conditions by 1 g 
equivalent of the electrolyte. This quantity A 
should consequently be proportional to the 
number of ions present anil affords a method of 
determining x, since x w ill be the ratio of the 
measured conductivity at a given concentration 
compared with the conductivity A a that the 
solution would have when all the salt wti 
ionised ; this is visualised as occurring at sn 
infinitely large dilution. Consequently x= 


00S 
0 23 
0 50 
0 67 


80 


0 078 
0 226 
0 414 
0 019 
0S19 
0 876 
0 066 


0 078 
0 232 
0 423 
0 528 
0 785 
0 864 
0 945 


The excellent agreement of the figures in the 
second and third columns furnishes a con 
vmcing proof of the applicability of the law 
of mass action. The influence of “ mvsa ” or 
concentration in affecting equilibrium is very 
clearly illustrated by the numbers quoted in the 
table, for it will be observed that when the 
amount of alcohol is great compared with the 
amount of acid, the latter is almost quantita- 
tively convrrted into ester; in other words, the 
yield of e»ter from acid is nearly theoretical 
The solution of an electrolyte in water affords 
an opportunity of testing the appbcability of 
the law of mass action to another type of equili- 
brium. After it had been established that the 


and A' = — -7-y.. The following figum 

A a {A a —A)\ , 

show the type of agreement that is obtaineo 
when this formula is applied to acetic acid. 


e mots /litre 
0 07369 . 

0 03685 
0 01842 
0 000211 
0 004606 
0 002303 


JtxlO* 

. 1845 
1851 
18 49 
18 49 
18 51 
. 18 49 


It will be seen that the mass action I** * 
obeyed with considerable accuracy over the 
above concentration range. With strong” 
solutions the deviation become* larger and A 
has dropped to 16 5 by the time the acetic acw 
is 2*V. An equally satisfactory result is obtained 
for other acids and alkabs provided that A w 
less than 10 _ «. Should the dissociation be large* 
as with strong acids ami alkalis or *p!t*,* 0 l® 4 ** 
approaches ], the dilution law breaks do 
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entirely and conditions other than those visual- 
ised in the law of mass action determine the 
equilibrium. The treatment of the properties 
of strong electrolytes is, however, not within the 
scope of the present article. 

Other properties of aqueous solutions of weak 
electrolytes may be measured and correlated 
with the changes in the degree of dissociation 
expressed by the dilution law. Thus the values 
of x obtained from the electrical conductivity 
may be checked by accurate measurements of 
the freezing-points of the solutions. It also 
enables an estimate to be made of the distribu- 
tion of an alkali between two acids of different 
strengths in the same aqueous solution. If the 
solution contains equivalent amounts of both 
the acids and the alkali the base is insufficient to 
neutralise both acids, and the result is a com 
petition between the two acids, each securing a 
fraction of the base. A theoretical discussion of 
this problem shows that if x is the fraction of the 
base appropriated by the first acid, HA \ . and 
l-r accordingly the fraction appropriated by the 
other, UA V then, provided the dilution is not 

£ ‘ jr 

too great, — =-t~. If, therefore, the values of 
\—xk„ 

K j and A' 2 have been determined in the way 
already described, it is possible to calculate the 
distribution of the available base between the 
two competing acids. That this can be done in 
good agreement with experiment is shown by the 
following figures : 

II Ay II Ay /calc, x found. 

Diehloracctic acid Lactic acid 0-95 0 91 

Formic acid Acetic acid 0-75 0-70 

Acetic acid Butyric acid 0-34 0-53 

It is evident, then, that a knowledge of the 
dissociation constant of an acid enables us to 
calculate relatively the affinity or activity of this 
acid for a base. There are other methods for 
ascertaining the relative affinity or avidity of 
an acid, methods available in the case of strong 
acids which do not obey the dilution law, and 
to which,, therefore, no definite value of K can 
bo assigned. Among these methods are the 
determination of the heat effects accompanying 
neutralisation (Thomsen), the measurement of 
the density changes (Ostwald), and the study 
of the influence of acids in accelerating the 
inversion of sucrose or the hydrolysis of menthyl 
acetate. The order of magnitude of the values 
obtained by’ these and other methods for the 
relative affinity of acids is the same, as will 
bo seen by an inspection of the following table : 


Arid. 

K - 100. 

It (dative 
(1 (luce 

sucrose 

Inversion. 

affinity 
d from 

density 

changes. 

HC1 ... 



100 

100 

HNO, . . . 



100 

100 

CCIj-COOH . 

30 

(approx.) 

75 

80 

CHCL-COOH 

5-14 

27 

33 

CHjCbCOOH 

0-1 o*» 

4-3 

7 

H-COOH . . 

0-021 

1*5 

3 

CHj-COOH . 

0-001S 

0-4 

1 


By’ a large increase in the concentration of one 
of the reactants in an equilibrium the dilution 
of the material with which it combines may be 
correspondingly reduced. Thus when a Ab- 
solution of sodium acetate is added to an equal 
volume of A r /4-acetic acid its hydrogen ion 
concentration is reduced to about 1/75 of what 
it was originally. This application of the 
principles of the mass action conception enables 
solutions of accurately known hydrogen ion 
concentration to be obtained (see Buffer 
Soujtioxs). 

The eases of equilibrium so far discussed have 
been those which occur in homogeneous systems, 
but there are numerous eases also of non- 
homogencous or heterogeneous equilibrium. The 
bearing of the law of mass action on reversible 
reactions of this character will be most readily’ 
appreciated by considering one or two examples. 
The dissociation of calcium carbonate may be 
taken in the first place. If this substance is 
heated to 750° in a closed space, it breaks up 
to some extent into calcium oxide and carbon 
dioxide : if, on the other hand, carbon dioxide 
at atmospheric pressure is passed over calcium 
oxide, heated to the same temperature, the 
reverse action takes place and calcium carbonate 
is formed. That is to say’, an equilibrium is 
established which may be represented thus : 
CaC0 2 ^Ca0+C0 2 . In applying the law of 
mass action to this case, we are confronted with 
the question : What is the concentration or 
“ active mass ” of a solid taking part in a re- 
action ? An answer to this question may be 
reached by supposing that in the gaseous phase 
of the reaction sy’stem there is equilibrium 
between calcium carbonate, calcium oxide, and 
the carbon dioxide ; that is, each of the solid 
substances concerned in the reaction is supposed 
to have a definite, if infinitely small, sublima- 
tion pressure at a given temperature, and there- 
fore to be represented in the gaseous phase. 
On this basis, the equilibrium at a given tempera- 
ture would be governed by the formula 
C x(J 

K^-~ ' where Cy C 2 , and C are the equili- 

k 1 

brium concentrations of calcium carbonate, 
calcium oxide, and carbon dioxide in the 
gaseous phase. If partial pressures are em- 
ployed instead of concentrations, the formula 

would be K =?— . How p 2 and py being sub- 
V\ 

limation pressures, have fixed values at a given 
temperature, and are independent of the absolute 
amounts of calcium carbonate and calcium oxide 
present. Hence p= const., and since p 1 and p s 
are negligibly small the partial pressure of the 
carbon dioxide is practically equal to pi, the 
total pressure exerted by the system ; so that 
we may write pj= const. The application, 
therefore', of the law of mass action to the 
dissociation of calcium carbonate leads to the 
result that at each temperature the reaction 
system exerts a definite pressure — the dissocia- 
tion pressure, as it is termed. This statement 
is valid only on the understanding that the 
substances involved in the reaction are kept in 
contact with each other ; if provision is made 
for keeping the pressure of the carbon dioxide 
permanently below or above the equilibrium 
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value, then a reaction proceeds until the cal- 
cium carbonate (in the first case) or the calcium 
oxide (in the second case) has disappeared. By 
artificial alteration of the pressure at constant 
temperature, therefore, any reaction of the same 
type as CaCO,^CaO+CO, may be made to 
proceed either from left to right or nee versa. 
The reaction 2BaO,T^28aO + Oj is alsoacase 
where two solids and a gas are in equilibrium 
with each other, and it may be treated in the 
same way as the dissociation of calcium 
carbonate. 

Many other examples of the application of 
the law of mass action to reactions with one or 
more solids participating are known. Details 
of these will be found from the bibliography. 
The chief point that is shown by all of them is 
that the active mas3 of a solid is constant and 
that the chemical equilibrium is the same 
however much or little of that solid is present 
■n the reaction zone. 

Influence of Temperature — In general the Le 
Chateher-Braun theorem enables the prediction 
to be made that the state of equilibrium for 
any change varies with the temperature. This 
theorem states that if n change occurs in one 
of the factors determining an equilibrium the 
equilibrium shifts in such a way as to annul the 
effect of that change Consequently , if all 
other factors remain constant, a rise in tempera- 
ture causes the equilibrium to shift in that 
direction in which absorption of heat occurs. 
This change is expressed quantitatively by a 
relation which is usually called the Van’t Hoff 
equation. By Bimple thermodynamics it can 

be shown that where T is the 

absolute temperature and Q p is the heat evolied 
by the reaction at constant pressure when molar 
quantities interact in the direction left to right. 
Provided that the active concentrations of the 
ga«es can be expressed by their partial pres- 
sures the above relation also holds when h p is 
substituted for A'„ 

Before the Van t Hoff equation can be used to 
express changes for finite temperature differences 
it is necessary for it to be integrated, and for 
this the change of Q with temperature must be 
known. For differences of temperature up to 
10° Q may often be considered as independent 
of temperature. Thea integrating between 
Tj and 7‘, we obtain 

The variation of Q with T is given by 

Cp where C r represents the difference 
of the heat rapacities of the substances on the 
richt side of the chemical equation compared 
with those on the left. These heat capacities 
can be expressed by an equation of the type 
Cp=a+flT+yT i l, consequently one can also 
wnte 

A <?= AOH- a'T+fl >T*+ ySJ* 
and this implies that A'» can be represented by 
an equation like the following: 

log* A'p=™+n log t T+oT+pT*+ etc. 


AFFINITY. 

Over a given temperature range the changes C» 
must be inv estigated experimentally to find ho* 
many of the above terms are necessary to repre- 
represent Q in terms of T. In the case of the 
formation of sulphur trioxide from the dioxide 
and oxygen Q is found to be a linear function 
of temperature and is given by the expression 
Q=— 47,300+ 47’- Substituting this value for Q 
in the general equation and integrating the 
following formula is obtamed : 

, „ -10,373 

log, 0 A= — y 2 222 log 10 r+14 585. 

The following figures show that the calculated 
values of K then agree v ery satisfactorily with 
the experimental determinations : 


T'C. Lor K found. log A rale. 

528. . . -4 809 -4 817 

579. —4 12G -4 099 

627. -3 500 —3 502 

680 . -2 914 —2 893 

727. . -2 451 -2-433 

789. . -1 900 -1922 

832 -1 553 -1-573 

897. . -1089 -1083 


In the formation of ammonia from hydrogen 
and nitrogen, however, Larson ( J. Amor. Chem 
Soc. 1924, 46, 367) found that two further terms 
were required to express the change of Q with 
T, l e. 

Q- a +pT+yT>+&T* 
and consequently 

log Kp-^+n log IO T+oT+pT-+I. 

Two of these constants o and 7 were still chang 
ing slightly with pressure} at 600 atros. in = 
2,074 8, n= -2-4943, o = l 0856x 10-*,p=l 8364 
X10-’, and 7=3 059. 

Catalysis. 

No discussion of reaction velocity or chemical 
equilibrium would be complete without a refer 
ence to the phenomenon of catalysis. It very 
frequently happens that a chemical reaction, 
which of itself is extremely sluggish, proceeds 
with comparative rapidity in presence of some 
foreign substance— a catalyst, as it was called 
by Berzelius in 1835. Cases of such an accelera- 
tion of a chemical reaction have long been 
known, and in both laboratory and technical 
processes entaly sts nre in common use. 

A rational quantitative study of catalysis is 
possible only on the basis of the law of mws 
action. In the velocity coefficient, os already 
explained, we have n definite measure of the 
rate of a chemical change under given condition* 
For a given reaction, therefore, which is c.ataly ti- 
cally accelerated, the value of the velocity 
coefficient at a given temperature is a measure 
of the efficiency of the catalyst, and by com- 
paring the values obtained for the 
coefficient in different experiments, one can find 
out how the efficiency of a catalyst vanes with 
the conditions under which it works, and how 
the efficiency of one catalyst compares with 
that of another working under the same con- 
ditions. 
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Genera 1 Characteristics of Catalysis . — Ostwald 
in 1888 formulated the following points by 
which a catalytic process could be distinguished : 

(1) The catalyst should be recovered at the 
end of the reaction in a chemically unchanged 
condition even though physical differences as, 
for example, a larger grain size, can be observed 
in the material. 

(2) The quantity of catalyst should be small 
compared with the amounts of reactants in 
which it can induce combination. 

(3) In a balanced reaction the final state of 
equilibrium is unaffected by a catalyst, which 
should merely affect the rate at which that 
equilibrium is established. 

(4) A catalyst does not initiate a reaction but 
only increases or decreases its velocity. 

The application of these criteria can be 
illustrated by some work of Brcdig on the com- 
bination of oxygen and hydrogen on a colloidal 
platinum surface at room temperatures ; 2-5 c.c. 
of the colloidal solution containing only 0-17 mg. 
of platinum were shaken with electrolytic gas 
and for five successive 10-minutc intervals the 
following decreases in volume were observed: 
17-8, 18-0, 19-0, 17-6, and 17-8 c.c. During the 
next 14 days 10 litres of electrolytic gas were 
allowed to combine on the platinum surface. 
The rate was then measured under conditions 
identical with those in the first determinations 
and the following diminutions in volume were 
observed: 20-2, 18-7, 19-5, 19-7, and 20-1 c.c. 
Thus after transforming nearly 100,000 times 
its weight of hydrogen and oxygon into water 
tho catalytic surface is still unimpaired. It 
may be argued that Ostwald’s fourth condition 
is a somewhat pedantic one as the combination 
of oxygen and hydrogen at room temperatures 
appears infinitely slow. Since, however, the 
reaction proceeds at any required rate by suit- 
ably regulating the temperature, it is logical to 
stato that the reaction at room temperatures 
could be detected if sufficient time could be 
allowed. In the above example the rate of 
combination is proportional to the amount of 
catalyst present. This is also the case for the 
inversion of sucrose by acids where the velocity 
can be used as an approximate measure of the 
concentration of hydrogen ions in the solution. 
It is realised, however, that the action of the 
negative ions and undissociated molecules is by 
no means negligible and considerable work has 
been done in disentangling their respective 
influences (see Glasstone, ‘ Recent Advances in 
Physical Chemistry,” 1933, Churchill). For 
many' reactions there is no simplo relation 
between the concentration of the catalyst and 
tho velocity of the reaction. 

Tho decomposition of hydrogen peroxide 
under the influence of colloidal platinum is an 
illustration of a reaction where the two quan- 
tities are still connected in n simple fashion. 
The course of tho decomposition can be followed 
by removing a definite volume of the reaction 
mixture from time to time and titrating with 
potassium permanganate. The rate of the 
change is in harmony with the formula for a 
unimolecular reaction, and for each concentration 
of platinum a definite value of I, the velocity 
coefficient, can be obtained. The following 


table contains the values of k corresponding 
with various concentrations of platinum : 


Platinum concentration. 
21-OX 10- 6 . 
10-5x10-6 . 

5-2 X 10-6 . 

2-6x10-6 . 


k 

. 0-072 
. 0-024 
. 0-0084 
. 0-0027 


From these figures it appears that when the 
concentration of the catalyst is doubled, the 
velocity of decomposition is trebled. 

Catalyses and the Law of Mass Action .- — The 
general characteristics of catalysts have been 
sketched in the foregoing paragraphs, but the 
phenomena observed are frequently more 
complex than has been suggested. It appears 
that the catalyst often works in such a way as to 
mask the operation of the law of mass action 
altogether. This is hardly surprising, as the 
catalyst acts usually by virtue of a surface effect 
and the concentrations of chemicals there may 
have no relation to the amounts present in tho 
surrounding gas or liquid. Nevertheless, if a 
surface acted merely as a means of concentrating 
the reactants one would expect that the general 
characteristics of the reaction kinetics would 
remain unchanged. This is frequently not so, 
and it appears that the surface effect is usually 
a specific one. The union of oxygen and sul- 
phur dioxide was first investigated by Boden- 
stein (Z. physikal. Cliem. 1907, 60, 1), and the 
results show that the velocity of union is inde- 
pendent of the oxygen concentration (except 
when it is extremely small), proportional to the 
concentration of sulphur dioxide, and inversely 
proportional to the square root of tho trioxide 
concentration. This behaviour is obviously 
quite different from what would be expected 
under the law of mass action. The explanation 
adopted by Bodenstein is that the factor which 
really determines the velocity of reaction is the 
rate of passage of the sulphur dioxide through 
a layer of sulphur trioxide adsorbed at the 
surface of the platinum. From this point of 
view, what is measured is a diffusion velocity, 
not a reaction velocity, for it is supposed that 
the sulphur dioxide and the oxygen, when they 
have reached the platinum, react with great 
rapidity. Bodenstein has further shown that 
the rate of union of the two gases under the 
influence of other catalysts is governed by the 
same factors. Not only so, but it has been 
found that the rate of change in many other 
heterogeneous catalytic reactions is, in all 
probability, determined by the physical process 
of diffusion. Additional support of this view is 
furnished by the relatively low value of the 
temperature coefficient in these cases. As 
already indicated, the velocity of a homogeneous 
chemical reaction is doubled or trebled for every 

rise of 10°C., but the value of ~ti? for a 

heterogeneous reaction is frequently not much 
greater than the value (about 1-3) we should 
expect if the rate of reaction were determined 
by a diffusion velocity alone. 

If there be a layer of sulphur trioxide or similar 
gas adsorbed as postulated by Bodenstein it is 
of importance to know how this film is affected 



CHEMICAL AFFINITY. 


540 

by the pressure of the gas abo\ e it. T lie earliest 
equation w as ndv anced to represent the amount 
of gas or liquid taken up by a surface like 
charcoal. It is know n as the Freundlich adsorp 
tion isotherm and states that 

logC a =.4+BIogC’ t 

where (% and £\ are the corresponding con 
eentrations in the solid ami liquid or gas phases 
rcspectn eh . It is an empirical equation and 
without theoretical significance. The other 
relation is an expression of Langmuir*, which 
v, as used m connection w ith his » ork on reaction' 
in rarefied gases, some of which will be discussed 
later 


His equation is of the form f'a= 


uC'l 


r for 




JP 

l+bp 


1 +tc L 

.where a and b are constants 


and p is the pressure \\ hen applied to specific 
examples some a\ stems can be represented quite 
well while sometimes both equations fail com 
pletely. Jn these casts the form of the adsorp- 
tion does not appeur to be a continuous function 
of pressure, which, of course, both the abase 
equations require 

An extreme example of this dicergente was 
the discovery of actuated adsorption by II S 
Taylor (J Amer Chem Soc 1931, 53, '578, 
1814 , 1932. 54, 602 , Trans Faraday Soc 
1032, 28, 247) When hs drogen is taken up 
by a mixture of manganous and chroinous 
oxides at -78T the adsorption is rapid, 
equilibrium is quickly attained and can be 
represented by an adsorption equation At 
room temperatures a new effect becomes 
appreciable which manifests itself as a slow take 
up of gas which is only measurable in terms of 
days. Finally at 303°C this slow process has 
become fast and the amount of hydrogen taken 
up u nearly 15 times that adsorbed at — 78~C 
Chemical combination w not the explanation, as 
most of the gas can be pumped off the surface 
once more. As the influence of temperature 
on the two processes is studied the can’t Hoff 
equation can be applied for estimating the 
heat that accompanies the two types of adsorp- 
tion This is found to be 1,900 g -cal per g mol 
from -78® to 0°C. and 23,000 from 305° to 444° C. 
It was therefore suggested that the first type 
is a pure physical condensation phenomena, 
whereas the high temperature product consisted 
of a film of hydrogen molecules that were 
oriented in the surface and held there by 
residual valency from the oxide lattice below. 

The continuity or otherwise of the adsorption 
isotherm is of considerable importance in deter- 
mining what is happening in the surface A 
continuous line would indicate a physical process 
of condensation, w hereas a senes of steps would 
show the formation of compounds, comparable 
with the equilibnum between salt and water 
vapour where a senes of hydrates are formed. 
A remarkable senes of discontinuities has been 
shown in adsorption curves by Allmand and 
co-workers on a charcoal surface (Proc. I toy. 
Soc. 1930, 129, 235, 252 ; J. Chem. Physics, 
1931, 35, 1692 ; 30, 2272 ; Trans. Faraday Soc. 
1933, 29. 458; J, Amcr. Chem. Soc 1932. 53, 
4453). These results have been confirmed for 


water and organic liquids on charcoal, f or 
water and carbon tetrachloride on iiina 
and for hy drogen and nitrogen on certain rnrt*] 
surfaces at low temperatures From the point 
of x iew of the phase rule there is no doubt that 
these discontinuities must coincide with the 
saturation of different specific portions of th* 
solid surface ; but what these regions are unot 
so clear It is obvious that the different facet 
of a crystal will have slightly different activities 
towards an adsorbent, and correspondingly m 
the charcoal surface there may be point* 
(“ active centres ") from which adsorption cm 
occur rather more readily than from their aut 
roundings. Such regions would explain the 
existence of a number of types of activity on i 
catalytic surface, the work of Vavon ami 
Husson (Compt. rend 1922, 175, 277) being i 
good example illustrating this. They were able 
to show that propyl ketone is reduced by 
hy drogen in the presence of colloidal platinum ; 
if a trace of carbon disulphide is added the 
catalyst is poisoned, but is still actne for the 
reduction of piperonal ; additional carbon di 
sulphide will inhibit this reaction, but nitro- 
benzene can still be hydrogenated on the surface 
Consequently, it appears that there areal least 
three types of active.centres on platinum for tie 
hydrogenation of organic materials Com 
parable results have been obtained for other 
ty pes of reactions. 

The work of I Langmuir (J. Amer. Cbem 
Soc 1916. 38. 2221 . ibid. 1918, 40, 1361) wu 
of fundamental importance in the development 
of our knowledge of the combination of gsset 
on metal surfaces He chose to work at low 
pressures and his apparatus was simple; » 
metallic filament electrically heated and bus 
pended in the middle of a reaction bulb which 
was connected to a suitable manometer and 
apparatus for introducing and evacuating the 
gases When a pressure of oxygen of 10*‘ atm 
was introduced into the bulb containing a 
tungsten filament at 3,300°C. the electron 
emission from the metal was decreased by more 
than a thousandfold. Consequently even at 
this high temperature and low pressure an oxygen 
film could still be formed on the tungsten. Thu 
was supported by the observation that 50% 
of the molecules that collided with the filarae 01 
succeeded in forming molecules of WOj 
Since there are 3 atoms of oxygen in the oxide 
and 2 in the gas molecule the third atom mutt 
have been on the surface before the collision 
resulting in reaction occurred. One can deduce, 
therefore, that at least 50% of the surface u 
covered by the oxygen film. It is notewortny 
that tungsten oxide distils rapidly from a wuj 
at 1 ,200°C , an indication of the tenacity 
which the adsorptiv e forces are bolding t 
oxygen under the above conditions at 3,30u ^ 
A mixture of oxygen and hydrogen was 
introduced and the tungsten wire kept at I,jw 
T he partial pressure of the oxygen fell, and W j 
was deposited m the w alls of the bulb, but 
hydrogen remained unattacked until the ox)? 
pressure had been reduced to 10""* ** 

apparently the oxide film breaks, hydrogen 
be adsorbed on the filament, and all the 
is immediately burnt oil. Thereafter 
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hydrogen is slowly removed owing to the for- 
mation of atoms which then react with the 
W0 3 on the bulb. It is interesting to note that 
the character of the oxygen is so changed by 
adsorption that it is unable to react with 
hydrogen at I ,500°C. Finally the effect of 
preferential adsorption on the catalytic surface 
was shown. Carbon monoxide and oxygen 
react on a platinum wire at 600°C., but in the 
presence of cyanogen, which is preferentially 
adsorbed, the reaction is inhibited until the 
wire is heated to 1,000°C. This is the tempera- 
ture at which cyanogen is itself oxidised under 
the conditions of the experiment, and the com- 
bustion of the carbon monoxide then proceeds 
normally. The above experiments allow of no 
doubt of the chemical nature of the forces 
holding the adsorbed material, which should 
therefore not be more than 1 mol. in thickness. 
In certain cases this hypothesis has been con- 
firmed by direct experiment and it is now 
generally accepted. 

Langmuir has worked out a series of relation- 
ships for the rate of chemical change on a 
catalytic surface on the basis that one of the 
reactants or products may be preferentially 
adsorbed on the surface ; or that two or more 
of them may compete for the available catatyst. 
Applying his formula in this way he has suc- 
ceeded in representing satisfactorily the majority 
of heterogeneous gas reactions, but for details of 
the process the books in the bibliography should 
bo consulted. 

Bibliography.—- -L. S. Kassel, “ The Kinetics of 
Homogeneous Gas Reactions,” 1932, The Chemi- 
cal Catalog Co. ; C. N. Hinshelwood, “ Kinetics 
of Chemical Change in Gaseous Systems” ; S. 
Glasstone, “Recent Advances in Physical 
Chemistry,” 1933, J. and A. Churchill ; H. S. 
Taylor, “A Treatise on Physical Chemistry,” 
2nd cd., 1931, Macmillan & Co. j K. Jellinek, 
“ Lehrbuch der phyeikalischen Chemie,” 1928- 
1938, Ferdinand Enke, Stuttgart. R, H. P. 

CHEMICAL ANALYSIS. This mode of 
separating a complex material into simpler 
constituents is ultimate when the dissected 
parts are elementary forms of matter, whereas 
it is proximate when the subdivision consists 
only in the separation of the original substance 
into less complicated compounds. The aim of 
ultimate and proximate chemical analysis is two- 
fold: first, to ascertain the nature of the 
components of the mixture or complex sub- 
stance ; secondly, to determine the proportions 
in which these constituents are present. All 
analytical operations may therefore be classified 
under two main categories of qualitative and 
quantitative analysis according as these pro- 
cesses lead simply to the identification of proxi- 
mate or ultimate constituents of the complex 
materinl or to the estimation of the relative 
proportions of such constituents. 

Although written from the viewpoint of 
technical utility, this article is arranged so ns to 
include references to analytical processes 
suitable for all the known 'elementary forms of 
matter, experience having shown that certain 
elements formerly regarded us laboratory 
curiosities have now yielded products o*f 
industrial importance. 
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Systematic study of individual elements and 
of their typical compounds has revealed the 
existence of many characteristic reactions 
exhibited by certain elements and their deriva- 
tives in widely varying conditions of combination 
or association. This circumstance leads to 
simplifications which are utilisable in both quali- 
tative and quantitative analysis. In qualitative 
work such special reactions as are not generally 
interfered with by other elements enable the 
analyst by a short cut to detect the presence of 
certain elementary or compound substances 
without the laborious task of separating these 
constituents from the other ingredients of the 
mixture. In this connection, reference should 
be made to the increasing use of the spectroscope 
employed not only in detecting various elements 
but also in estimating their relative proportions 
(c /. “ Problems and Methods in Industrial 
Spectroscopy,” by Judd Lewis, J.S.C.I. 1935, 
54, 427T). Mention is also desirable of the 
modern application of organic reagents, many of 
which form characteristic metallic derivatives 
often belonging to the class of co-ordination 
compounds. Such reagents will be referred to at 
appropriate stages of this article. 

In quantitative analysis two essentially 
different procedures may bo adopted. The more 
fundamental one is gravimetric analysis, whereby 
an elementary or compound constituent of the 
mixture is isolated and weighed in the form of a 
definite chemical compound. Having gained 
this knowledge of distinctive reactions it then 
becomes possible to employ the second and 
consequential procedure known as volumetric 
analysis, in which the relative amount of a certain 
constituent is estimated even in the presence 
of other components of the mixture under 
examination by carrying out the chemicaj 
changes with definite volumes of solution 
containing known amounts of reagents. The 
above-mentioned use of organic reagents has 
amplified the methods at the disposal of the 
analyst in both gravimetric and volumetric 
analysis. 

As volumetric processes are generally the more 
rapid they have been largely developed in 
industrial laboratories where such quick methods 
have replaced the more laborious but more 
exact processes of gravimetric analysis. The 
loss in accuracy arising from the use of volu- 
metric methods is very small provided that the 
apparatus employed is accurately calibrated and 
that experimental conditions are closely defined. 

GENERAL OPERATIONS. 

Samplino. — 1 The sample under examination 
should be truly representative of the main bulk 
of the material, otherwise discrepancies arise 
between the results of different analysts. These 
differences, often attributed to faulty methods or 
inaccurate work, are frequently due to imperfect 
sampling. When liquid, the substance should 
be thoroughly mixed before any sample is 
withdrawn. If contained in several vessels 
proportional quantities should be removed from 
each, the different portions well mixed, and the 
final sample taken from this mixture. 

In the more difficult case of solids, care must 
be exercised to secure proper proportions of 
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large and small, lnrd and soft fragments. Fmm 
a ship's cargo portions should be taken from 
different parts and from railway trucks samples 
should he collected from the ends and middles 
of each track. Hollow n tigers should be 
employed far materials contained in bags 
barrels, so that long cores may bo drawn from 
different levels. With materials such as alkalis 
or soap which lose or gam moisture on exposure 
to air suitable proportions must be extracted 
from internal sectional portions of the bulk. 

In nil cases the original samples, broken into 
small fragments, are thoroughly mixed and one 
fourth removed for the operation of “quarter 
mg." This fraction, when ground to powder, is 
thoroughly mixed and one fourth again taken for 
further quartering and the final specimen kept in 
well closed bottles. Quartering is also effected 
by spreading out the powder into the form of a 
flattened cylinder — this being divided radially 
into four parts The opposite sectors arc 
separated and mixed after which this subdivision 
is rc|ieatcd. 

With soft and friable materials, pulverisation 
w effected satisfactorily in porcelain, glass, or 
ev en enrthenwarc mortars. When the substance 
is hard and a fine powder is re 
quired the final grinding should be 
performed in an agate mortar until 
the powder may be sifted com 
pletely through fine muslin Ex- 
tremely hard inorganic substances 
should be crushed in a steel 
mortar (Fig I) consisting of a 
strong metallic base with a steel 
ring or guard within which fits 
closely a solid steel piston acting 
as pestle The specimen is placed 
on the base within the guard 
ring, the piston is adjusted and 
driven down on tho matensl by 
means of a hammer. The final 

Fic. I. crushing is effected in an agate 
mortar. 

Desiccation — Many substances arc hjgro 
scopic, absorbing more or less raoisturo on 
exposure to the air, and in order that they may be 
in n definite condition for analysis it is desirable 
to dry them either at the ordinary 
higher temperatures depending on the nature 
of the materials. When a higher temperature 
would bo inj'urtous, the substances ore dried 
in a bell jar or desiccator over concentrated 
sulphuric acid. The drying takes place more 
rapidly if tho containing vessel is rendered 
vacuous. Phosphoric oxide is sometimes subs- 
tituted for sulphuric acid, and where an 
alkaline drying agent is preferable quicklime is 
employed. 

Substances u hich are not decomposed at 100° 
may be dried in an oven provided with a 
jacket containing water heated to boiling The 
water level is kept constant by the overflow and 
inlet arrangement shown at the side in Fig. 2. 

When sufficiently stable, the substance may be 
iliied at 110°, since an increase of temperature 
above 100° gTcatly reduces the time required. 
For this purpose tho water in the jacket is 
replaced by toluene, which boils at 110®-lll®. 
Loss by evaporation is prevented by fixing a 


reflux condenser to the top of the jacket. For 
still higher temperatures the toluene may 
be replaced by xylene (bp. 120') or even by 
Jc«* volitilc naphthas. Alternatively, an air 
oven may be employed to which one of various 
thermo regulators may be adapted. 

Weighing . — The balance and tho precautions 
neees«iry to ensure correct weighing form the 
subject of a special article (c. Ralaxce). 



Fig. 2 

Substances foi analysis should generally be 
weighed from tubes provided with well fitting 
stoppers or from weighing bottles with capsule 
stoppers The difference in tho weights of 
tube or weighing bottle before and after removal 
of substance giv cs the w eight of the latter taken 
for analy sis. 3 he qi notify required depends on 
circumstances. When constituents present m 
minute quantities arc being estimated a rela- 
tively largo amount 
of material becomes 
necessary , but for 
estimation of ono or 
more mam consfi 
tnrnts 1-2 g. of the 
eubstance is usually 
sufficient. The smaller 
the quantity of matter 
under treatment the 
shorter the time re- 
quired for filtration, 
washing, and drying, 
but also the greater 
are the demands on the 
skill and accuracy of 
the analyst Hygro- 
scopic substances and precipitates must be kept 
in a desiccator, which is usually a glass vessel 
containing sulphuric acid or anhydrous calcium 
chloride or alumina. Fig. 3 shows a con- 
cmently portable form of desiccator having a 
flattened air tight glass cover which is retained 
in position by a smear of beeswax or grease. 

In weighing hygroscopic substances rapidity » 
highly desirable, and this is achieved by' the use 
of an aperiodic diinpcd balance. 



-Desiccator. 
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Solution. — In systematic analysis the first 
operation is to bring the material into solution 
so that it may be subjected to the action of 
various reagents. This operation is con- 
veniently effected in flasks or in deep beakers 
which are inclined at an angle during the process 
in order to avoid loss by spurting. The opening 
of the flask or beaker should be suitably 
covered. If it becomes necessary to dissolve 
the substance in an evaporating basin this vessel 
should be covered by a large clock glass. The 
solvent should be used in concentrated form and 
as sparingly as possible. The operation may 
be accelerated by heat. Evaporation to remove 
excess of solvent should so far as possible be 
conducted in the same vessel. 

Evaporation. — The concentration of a liquid 
may be effected over an ordinary Bunsen flame 
or rose burner, providing that the liquid does not 
boil. If the operation is conducted in a crucible, 

it should, be in- 
clined to prevent 
loss by ebullition, 
and evaporation 
is accelerated by 
inclining the lid 
of the crucible 
(Fig. 4) across its 
opening so as to 
produce a circu- 
lation of air. 
Other things be- 
ing equal, rate of 
evaporation de- 
pends on the area 
of surface ex- 
posed, so that 
evaporation is 
effected most 
quickly inshallow 
dishes especially 
in a current of 
air which con- 
tinually removes 
the v u p o u r. 
During the pro- 
cess the contents 
of the dish or 
basin should bo 
other extraneous 
matter by supporting at a distance of two or 
three inches above the dish a funnel of diameter 
rather larger than that of the dish. When 
evaporation over a direct flame is impracticable 
the basins, dishes, or crucibles should bo placed 
on a water bath, that is, a vessel containing 
boiling water so that the vessels aro heated by 
the steam. The top of the drying oven shown in 
Fig. 2 serves ns the lid of the water bath when 
provided with a series of concentric rings to 
accommodate evaporating dishes of various 
sizes. Whatever be the form of water bath it 
should be fitted with a constant level arrange- 
ment as in Fig. 2. 

p "cH'iT.vnoN. — This important operation is 
condiK ed in beakers, dishes or conical flasks. 
Spherical flasks are unsuitable because of the 
difficulty of removing the precipitate. Hew 
glass vessels are appreciably attacked and 
dissolved by water and still more strongly by 
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alkaline solutions, this action increasing with 
concentration of splution and time of contact. 
Acid liquids have less solvent action on glass 
than alkalis, but nevertheless this attack is 
notable. For quantitative work special alkali 
and acid resisting glasses should be used and lor 
this purpose British makers now produce 
excellent types of glassware. 

Porcelain vessels, especially after a short time 
in use, are not further attacked to any serious 
extent. Precipitation requiring long heating 
with alkaline solutions should be conducted in 
such porcelain vessels or in nickel, silver or 
platinum dishes. 

Silica ware may be used with all acid solutions 
except those evolving hydrogen fluoride. 
Except in special circumstances to be indicated 
subsequently the liquid and reagent are heated 
separately to boiling and then mixed with 
continual agitation, since under these con- 
ditions precipitation is generally more rapid and 
complete and the precipitate is produced in a 
dense and granular form suitable for collection 
and washing. These operations are begun so 
soon as the supernatant liquid has cleared. 
Although a test should always be made with a 
small further addition of reagent, any un- 
necessary excess of the latter should be avoided. 

In recent practice increasing use is made of 
centrifuges in promoting the deposition of 
gelatinous precipitates. When by this means 
the precipitate has collected at the bottom of 
the container the supernatant liquid may bo 
decanted without loss of deposited material. 
The latter may then be mixed with more washing 
fluid and the centrifngalisation repeated. The 
separation of precipitate from liquid is usually 
effected by specially prepared bibulous paper 
known ns filter paper. (Swedish filter papers 
have a well-established reputation. There 
are also suitable English and German brands. 
Among the former may be mentioned Whatman 
paper, which is of excellent quality. These 
papers have been treated with hydrochloric 
and hydrofluoric acids and arc almost free from 
inorganic matters. The weight of ash left on 
ignition of filter paper is always specified by the 
makers on the cover of the packet. But it is as 
well to check this value of filter ash by the 
incineration of a known number of papers. 

For quantitative purposes the filter paper is 
supported in a glass funnel which should be truly 
conical inside with an apical angle of 60°. Its 
stem should be long and tapering, not too wide, 
and with the end cut obliquely to assist in 
draining away the filtrate. 

A circular filter is folded into a quadrant, so 
that when this quadrant is opened either at one 
side or more symmetrically by two opposing 
folds of 45° each, a cone is formed which should 
fit accurately into the funnel. The size of filter 
paper should be such that the edge of the cone 
is about 10 mm. below the rim of the funnel and 
so that the precipitate does not occupy more 
than three-quarters of the available space in the 
filter. Tho filter cone is moistened with water 
and adjusted close to tho funnel, care being 
taken to remove any air bubbles entrapped 
between glass and paper. This precaution 
facilitates greatly the subsequent filtration. The 
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edge of the vessel containing precipitate and 
liquid is slightly greased by rub bing with a finger, 
the natural grease of which generally suffices 
for this purpose. The liquid is then decanted 
into the filter with the aid of a glass rod, leaving 
the precipitate undisturbed until most of the 
clear solution has passed through the filler paper. 
The filter should be kept filled with liquid up to 
10 mm. from the topof the paper. Filtration is 
accelerated by attaching to the stem of the funnel 
by means of indiarubber tubing a glass tube of 
3-4 mm. diameter and not less than 20 cm long 
bent with a circular loop near its upper end 
Greater rapidity of filtration 13 attained by using 
one of the various types of water pump, the 
filtrate being collected in a stout walled fiash of 
conical shape with side tube leading to pump 
The funnel is inserted into a tightly fitting rubber 
bung. If it is required to collect the filtrate in a 
basin or beaker this vessel is placed under a 
tubulated bell jar with ground edge standing on 
a glass plate, the funnel and aide tube being 
carried on the rubber bung 

With considerable reduction of pressure it 
becomes desirable to strengthen or support the 
apex of the filter. The necessary tightness is 
obtained by dropping into the apex of the drj 
filter already fitted into the funnel two or three 
drops of the strongest nitric acid. The paper is 
washed after two minutes and is then ready for 
use. Alternatively, the apex of the filter paper 
may be supported by means of a cone of platinum 
foil dropped into the funnel before the paper is 
adjusted. This mode of support has now been 
rendered superfluous by the use of Whatman’s 
hardened filter cones. 

The Gooch crucible, constructed in porcelain, 
silica ware, or platinum, has a perforated 
bottom lined with thin asbestos mat or excep- 
tionally with filter paper and is now a well 
recognised means of collecting precipitates. 
The quality of asbestos is of prime importance 
and a non-femiginous amphibole (e Asbestos) 
is preferable. Such a variety already prepared 
by treatment with boding hjdrocbloric acid is 
readily purchasable. This prepared asbestos 
makes an excellent filter unaffected by the acid 
and alkaline liquids commonly met with in 
analysis, it is readily dried and does not alter in 
weight on ignition. The Gooch crucible is in- 
serted into a cylindrical funnel by means of an 
indiarubber ring placed between the crucible 
and the edge of the funnel. The latter is fitted 
into a filtering flask which is then set in action 
and water containing the prepared asbestos m 
suspension is poured into the crucible. A layer 
of asbestos felt soon covers the perforated bottom 
of the crucible, and when a mat of sufficient 
thickness is formed the crucible is drained, dried, 
ignited, and, after cooling, weighed. During 
ignition & non -perforated bottom may be fitted 
on to the crucible in order to protect its contents 
from the flame gases. The prepared Gooch 
crucible is now returned to the filter funnel and 
the precipitate collected in it by the usual 
procedure. After suitable washing the ignition 
and weighing are repeated. A boxhlet tube 
fitted with a perforated porcelain or platinum 
disc covered with an asbestos mat is often 
used as an alternative method of collecting 


precipitates. Such a tube may be heated in 
a current of reducing or oxidising gas. Thus 
cuprous oxide collected in the Soxhlet tube as 
the result of the interaction of Feblin^'s 
solution and a reducing sugar may be reduced 
by heating in hj drogen to metallic copper or 
oxidised to cupric oxide bj heating in air or 
oxygen 

In the estimation of silver halides, the mat 
of the Gooch crucible maj be of filter paper, and 
after washing the precipitate successively 
with water, alcohol, and ether, the truciblcneed 
only be dried at 100° before weighing. 

Jena-glass or porcelain crucibles fitted with 
filtering diaphragms of sintered glass or porous 
porcelain respectiv ely arc a more recent improve- 
ment. The former have diaphragms of various 
porosities, but only Nos. 3 and 4 are suitable in 
analysis ; the latter are made in two grades (A2 
and Al), having pores of approximately 7 5/v 
and 6/i respective!} . In each case the first- 
named varieties are for use with coarse pre- 
cipitates while the others are suitable for finer 
precipitates, such as barium sulphate or lead 
chromate 

Whut it becomes necessarj to filter while the 
liquid remains hot, the funnel is placed inside a 
conical copper jacket filled with water, which is 
heated by a side tube or more simply a lead 
pipe is coiled round the funnel and steam is 
blown through the coil. 

In order to remove soluble lmpunties pre- 
cipitatcs are washed with such liquids as water, 
dilute acids, dilute ammonia, alcohol, or ether 
This washing is most effectively jierformed 
by using small quantities of liquid rather than 
bj appljing at onre the same volume of liquid. 
Hot liquids should be used whenever con- 
venient and the precipitate should be washed 
so far as possible b\ decantation, only the 
washing liquor being 'poured on to the filter. 
Each quantity of washing liquid should be 
drained awaj before the next is added and for 
this purpose a filtei pump is useful. Draining 
should not, however, be excessive, otherwise 
channels will form in the precipitate and hinder 
the uniform penetration hv washing liquid 
of the insoluble mass. Capillary action and 
evaporation both tend to bring the soluble 
impurities to the edge of the filter paper and this 
concentration should be prevented by directing 
the jet of liquid from the wash bottle to the top 
of the falter paper. A few drop9 of the final 
washings should always be tested for soluble 
impurities 

The filtration and washing of gelatinous 
precipitates such as aluminium hydroxide or 
other hjdrous metallic oxides are greatly facili- 
tated by adding filter paper pulp to the liquid 
to be filtered. For this purpose an “ ashless " 
filter paper i« cut into small strips and these 
fragments violently shaken with hot water 
until they are disintegrated into small fibres. 

Drying and Weighing of Precipitate 
Occasionally a precipitate must be dried without 
rise of temperature, and this is achieved in a 
desiccator Over concentrated sulphuric acid and 
preferably in a vacuum. When the precipitate 
is not decomposed at temperatures of 100* to 
120“ but cannot be ignited it may be collected 
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on tared filter papers. These are conveniently 
prepared by folding together two filter papers 
and by subsequently cutting slips off the apex 
of the heavier one until they are equal in weight, 
when they are again folded together, the trun- 
cated one outside, and used to collect and wash 
the precipitate. After drying at the foregoing 
temperatures the two filter papers are placed on 
opposite pans of the balance and the weight re- 
quired to re-establish counterpoise is that of the 
dried precipitate. Tared filters have now been 
generally replaced by Gooch crucibles or 
crucibles with sintered glass or porous porcelain 
bottoms. 

Most precipitates encountered in gravimetric 
analysis can be brought to constant weight 
by igniting over a lamp or gas flame. When the 
precipitate is not easily reducible by carbon it 
need not be dried. The wet filter enclosing 
the precipitate after draining on a pad of 
bibulous paper is placed in a platinum crucible 
and the latter heated at once with a full flame ; 
the water present assumes the spherical state and 
the paper smoulders away without spurting. 
Any slight reduction, such as barium sulphate 
to sulphide, may be remedied by adding a few 
drops of sulphuric acid of analytical purity and 
by then repeating the ignition. With mag- 
nesium pyrophosphate, the addition of strong 
nitric acid serves a similar purpose. 

If the precipitate is readily reduced by the 
carbonaceous matter of the filter paper, pre- 
cipitate and filter paper must be separated as 
completely as possible by gentle friction. The 
precipitate is transferred to the crucible placed 
on a sheet of glazed paper so that any scattered 
particles may be transferred quantitatively 
to the crucible with the aid of a clean feather or 
camel’s hair brush. The filter paper is folded 
into a cylinder with the apex inside, wrapped in 
a helix of platinum wire, and set on fire. While 
burning the platinum cage is held over the 
crucible, the ignition is completed by touching 
the residue with the tip of a Bunsen flame, 
after which the ash is shaken into the crucible. 
When the precipitate is silver chloride the ash is 
moistened successively with single drops of 
concentrated nitric and hydrochloric acids and 
precipitate and moistened ash are gently ignited 
in the crucible until the silver chloride begins to 
fuse at its edges. With silver bromide the 
treatment is similar except that hydrobroraic 
replaces hydrochloric acid. With silver iodide 
a few drops of alcoholic solution of iodine 
replace the mixed acids. 

Precipitates which include compounds of 
arsenic, antimony, bismuth, copper, lead, or tin 
or of other easily reducible metals, should not 
be heated in platinum crucibles, since this 
infusible metal is attacked by the foregoing 
metals with formation of more fusible alloys. 
For this reason hot platinum vessels should not 
be handled with brass crucible tongs although 
iron ones are permissible. Platinum crucibles 
arc also damaged by exposure to hot caustic 
alkalis or to smoky flames, especially those formed 
in the burning of acetylene. Disintegration of 
the platinum occurs and the surface of the 
crucible becomes tarnished and dull. The 
vessel then needs reburnishing before its weight 
Vol, II. — 35 
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again becomes sufficiently constant for gravi- 
metric operations. 

When platinum is inadmissible porcelain 
crucibles are generally employed. Silica 
crucibles may be used in the absence of hydrogen 
fluoride, but these are attacked by tho more 
basic metallic oxides, such as those of copper or 
nickel. Ferric oxide may be ignited in silica 
ware providing that filter ash is absent. If 
present this or similar carbonaceous matter 
reduces the higher oxide to ferrous oxide, which at 
the temperature of ignition forms ferrous silicate. 
Other refractory materials are now available for 
the production of crucibles and silica may be 
replaced by the less acidic titania, zirconia, by 
the amphoteric oxides of niobium and tantalum, 
and by the basic metallic oxides. Silver and 
gold crucibles are resistant to the attack of 
alkalis ; tantalum crucibles are recommended as 
being unaffected by mineral acids excepting 
hydrofluoric acid. 

Healing Appliances . — The ordinary Bunsen 
burner is still the mainstay for most heating 
operations, but the Argand modifications intro- 
duced by Fletcher are more efficient. A variety 
of other burners associated with the names of 
Meker, Fischer, and Teclu are now available 
for the production of comparatively high 
temperatures. Electrically heated furnaces are 
very convenient for heating crucibles at regulated 
temperatures of 950° to 1,100°; the control is 
very close and as the heating is highly localised 
only very little becomes radiated into the 
laboratory. 

Glass vessels are more safely heated on sand 
baths or in trays containing fusible alloys. 
They may also be heated by gas or electric 
current on iron trays or gauze lined with 
asbestos. In technical laboratories large sand 
baths or wide iron plates supported on iron legs 
and heated medially by burners ore used to give 
a graduation of temperatures. Vessels placed 
at the side of the sand bath or at the edge of tho 
hot plate are subjected to gentle heat but may 
be raised to higher temperatures as they are 
moved towards the centre. 

Water baths with constant feed arrange- 
ments provide the easiest way of heating at 
100°; toluene heated ovens give 110°-111°. 
Higher temperatures are attained with baths of 
oil, molten paraffin, or a saturated aqueous 
solution of calcium chloride. Fused mixtures of 
alkali nitrates give temperatures ranging from 
140° to 250° (Maumcne, Compt. rend. 1883, 97, 
45), and temperatures approximating to 440° are 
attained by heating substances in sulphur vapour 
(Brauncr, J.C.S. 1885, 47, 880). 

QUALITATIVE ANALYSIS. 

Detection of the constituents of a mixture of 
chemical substances is based on tho fact that 
almost every metallic or acid radical will give 
rise to reactions which under certain con- 
ditions arc characteristic, and accordingly 
enable one to distinguish this radical from 
all others. When such tests can be applied 
directly to the solid material usually at high 
temperatures the}- are known as dry reactions; 
whereas when employed in solution they are 
described ns t ret reactions. The wet and dry 



540 


CHEMICAL ANALYSIS. 


reactions of metallic and acidic radicals are 
generally, but not invariably, independent of 
the acidic and metallic radicals with which they 
are respectively combined 

EXAMINATION IN THE DRY WAY. 
Indications obtained from the dry reactions of , 
a material frequently afford suggestive clues to 
its composition, but as these tests rarely, if 
ever, indicate the relative proportions of the 
vanou3 constituents the results must be re- 
garded as preliminary to the more systematic 
examination of the material m solution. More- 
over, negative indications obtained hem dry 
tests must not be accepted as final evidence. 
Nevertheless, a preliminary examination of the 
original substance should be made in the dry 
w ay and if this substance is already in solution, 
a portion of the liquid should be evaporated 
to dryness and the residue tested by dry 
methods. The diy reactions 
of several admixed sub- 
stances sometimes mutually 
interfere with each other, 
and the evidence is there- 
by rendered inconclusive, 
nevertheless, an examina- 
tion of this kind often gives 
much information in a short 
time. 

The most convenient 
source of heat for dry tests 
is the ordinary Bunsen 
burner, winch consists of a 
metal tube so arranged 
that at its base coal gas 
enters through a jet and 
air 13 drawn through holes 
pierced through the lower 
part of the tube. The 
mixture of 1 volume of 
coal gag with about 2j 
volumes of air then pro- 
duced bums at the top of 
the tube with a non- 
lummous flame When the 
*■ *” v ' supply of gas is diminished 
tfie air Supply is reduced by 
a rotating regulator which partially closes the 
inlet holes The upper part of the burner is 
generally fitted with a Bupport for a metal cone 
to protect the flame fioni draughts 
The flame consists essentially of an inner dark 
zone a-a (Fig 5) containing unbumt gas 
mixed with air and an outer zone or flame mantle 
e in which combustion becomes complete. On 
partially closing the airholes a luminous cone r 
appears at the top of the inner zone a-a. 
Closer study of the Bunsen flame shows that 
several distinct zones exist, each of which can be 
utilised in pioducmg particular reactions: 
o is a comparatively cold zone at the base of the 
name in which metallic salts may be volatilised 
so as to give flame colorations ; 8 the lower 
reducing flame at one quarter of the way up and 
close to the edge of the dark zone a; r, the 
upper and more powerful reducing flame at 
the top of the dark cone, obtained by closing the 
air hole until the tip of the inner cone just 
becomes luminous; 0 the zone of fusion at 



one third of the height of the flame and hall » 
between the inner cone and the flamed/ 

oxidising flame at the extreme tip of the flam 

Instead of the Bunsen burner a blow™, 
flame may be used. A mouth blowpipe 
of a metal tube provided at one end , 
mouthpiece, the other end fitting into & Br JJ 
metal box which condenses and retains iko 
moist ure of the breath. From this box a second 
shorter and narrower tube projects at ncht 
angles to the first and carries a jet or non!. 

“I "• pAta, 

This blowpipe and another form due to Bheb ire 
shown in Fig. G. 

The art of keeping up a continuous air blast 
through the blowpipe is only acquired by 
practice. The necessary pressure is produced by 
distending the cheeks, breathing is earned on 
through the nostrils, whilst eommunirata 
between nostril and mouth is cut off by pressure 
of the tongue against the palate. 

A flame suitable for blowpipe work is obtained 
by dropping into the tube of an oidmary Bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of the burner and cuts off 
the air supply, whilst the upper end is flattened 
and cut off obliquely. The gas flame should be 
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smaller than when the burner is used in the 
ordinary way. As coal gas contains some 
sulphur discrimination must be exercised in 
testing for this element. A thick stearin 
candle may nlso serve as source of heat or a 
lamp may be used consisting of a low and rather 
wide cylindrical metal (brass) vessel open at tlw 
top with a relatively broad and flat wide bolder 
attached to its side. The fuel is paraffin *•* 
kept in a molten condition by the beat o! the 
blowpipe flame, the wick being arranged so tint 
this flame passes over the paraffin wax. A 
metal cone piotects the lamp from dust when 
not in use. The nozzle being introduced into 
the lamp flame at a short distance above the 
wick, the blast deflects the flame horizontally 
so that it becomes long and narrow and thn 
consists of two parts, an outer oxidising name 
and an inner reducing flame containing carbon 
monoxide and hydrocaibong heated to a tig 

temperature. 

The following additional appliances aw ^ 
quired for carrying out dry tests : a small pair 
of forceps preferably with platinum P oin ’ ‘ 
short lengths of platinum wire; charcoal®’ 
from fine-grained compact wood ; glass 4 , * 

3 mm. internal diameter and 0G-S0 ra® J 
closed at one end ; similar glass tubes 1W- • 
mm. long open at both ends and bent shgmij 
the middle. The chemical reagents are o • 
NajB 4 O 7 ,10H 2 O ; microcosmic salt, 
Na(NH 4 )HPO„4H 2 0; 
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potassium or sodium cyanide ; sodium carbon- 
ate or fusion mixture, NaKCO,; potassium 
nitrate; potassium hydrogen sulphate; cobalt 
nitrate solution ; and litrnim papers. 

The dry teat a are generally performed in the 
following order: 

(I) Itmtiny in Me dry cloned lube. — To avoid 
Moiling the Hides the substance is introduced 
through a roll of stiff paper. The following may 
be observed : 

(«) Carbonisation with or without evolution of 
tarry vapours ■■ organic compound n. 

(b) Condensation of moisture on cooler parts 
of tube; neutral rcncWon- hydrated salts, 
hydroxides', acid reaction- acids, acid 
mils', alkaline reaction -ammonium nolle.. 

(r) fusion without change of colour - alkali 
mils, hydrated f.olln, 

[d] Eusion with change of colour; yellow hot, 
white cold----- antimony oxide; yellow hot, 
dark yellow cold— bismuth oxide; yellow 
hot, red cold— lead oxide. Chromates of 
lead and alkali rnctnl fuse and darken on 
heating. 

(c) No fusion, but change of colour; dark 
yellow hot, pale yellow to white cold-- 
e tannic oxide; bright yellow hot, white 
cold- ; zinc oxide; black hot, . reddish- 
brown cold- ferric oxide; black hot, 
bright red cold- mercuric, oxide; brown, 
darkening on hen ting - codm i urn oxide. 

If) Cas evolved; oxygen ’■•oxides, peroxides, 
chlorates, brornalcs, perchlorates, iodales, 
periodates, per sulphates, nitrates; carbon 
dioxide.™ carbonates, hiearbrmates, oxalates; 
carbon monoxide (blue flarne)-- formates, 
oxalates; sulphur dioxide -acid sulphites, 
sulphates) of heavy Metals (together with 
sulphur trioxlde); cyanogen (peach- 
coloured Hume)-' cyanides of heavy metals;’ 
a rn rn on in- -am man iu m salts; phosphine 
- phosphites , hypopliosphites ; orange 
browri vapours- nitrates, nitrites, bromides ; 
violet vapour*- iodides); colourless fuming 
ga s - - hydrated chlorides, 

(jr) .Sublimate : white infusible - arsenious 
oxide (ortahedrn), antimonious oxide 
(needles), selenium dioxide, ammonium 
chloride, ammonium sulphite (from am- 
monium sulphate); white fusible— 
mercuric chloride, tellurium dioxide, 
organic, acids, Molybdenum trioxlde (at 
high temperatures) ; coloured, black, or 
reddish-black*-- selenium, mercuric sul- 
phide; yellow hot, red cold --mercuric 
Mide; reddish -yellow- arsenious sul- 
phide; yellow*- sulphur and sulphides ; 
black metallic mirror*- arsenic; prey 
metallieglobules— mercury. These metallic 
sublimates are obtained more readily on 
heating the material with alkali cyanide. 

Phosphorus compounds arc detected by 
heating in a dosed till*-, with magnesium 
ribbon and dropping the hot tube into 
water w ben inflammable phosphine is 
evolved with characteristic fishy stench. 

(2) Heating in Open Tubes, — The open tube 
being ineliried so an to promote a current of air, 
the changes observed will not he exclusively 
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those of pyrolysis but in many cases will be 
accompanied by those of oxidation. Sulphides 
will he oxidised to oxides with evolution of 
sulphur dioxide; selenium and its compounds 
will evolve sclenious oxide, Sc0 2 , with pungent, 
odour of horseradish and some deposition of 
reddish or grey sublimate; arsenic and its 
derivatives will be oxidised to arsenious oxide, 
giving a while sublimate. 

(il) Heating on Platinum Wire. — The. wire In 
denned by repeated dipping in hydrochloric 
acid and heating until no colour in imparted to 
the flarne. Than a mimito fragment of the 
mibatanco is picked up on the end of the wire arid 
introduced into zone a of the Bunsen flame. 
As a coloration is produced only if volatile 
compounds of the metal are present, the sub- 
stance should be moistened with hydrochloric 
acid in order to form the volatile chlorides, A 
similar result in attained by mixing the sub- 
stance with moist silver chloride, a compound 
which while not imparting colour to the flame 
slowly yields chlorine, thus converting other 
metals into chlorides. Alternatively, the mix- 
ture is supported on a stick of siliceous material 
such as the support of a vertical gas mantle. 
Whatever method of support bo adopted 
the substance should ho moved from the cooler 
to the hotter parts of tho Jiunsen or blowpipe 
flames so that deerensingly volatile constituents 
may be revealed successively. 

Plume colorations -, yellow* - sodium. ; orange- 
r<:d-= calcium; crimson’-- strontium, lithium; 
lavender ’-potassium, rubidium and errsium ; 
apple green —barium; bright green*** thallium, 
copper, boric acid; pale blue lead, arsenic, 
antimony ; deep blue becoming preen ’-copper 
halides; deep blue-* selenium. 

I’or finer distinctions the direct vision pocket 
stKictroseope is a very useful aid, especially In 
the cmc of the potassium sub-family and that of 
strontium and calcium which exhibit respec- 
tively a. ehnrneleristic blue and a yellotvish-green 
line. 

Care should he taken when the compounds of 
certain heavy me.lalA such ns Ag, Cu, Pb, Sn, 8b, 
and As arc present, because these metals haven 
disintegrating effect on the platinum wire. 

(4) Heatin'/ on Charcoal, — The substance 
mixed with thrice its weight of dry sodium 
carbonate, or of a mixture of 2 parts of sodium 
carbonate and 1 part, of potassium or sodium 
cyanide is placed in a small, shallow hole 
scooped out in charcoal and heated in a reducing 
flame. Metallic beads are obtained which are 
examined for colour, malleability, solubility, and 
other properties, J’ilmn of oxide also arise which 
coat the charcoal at varying distances from the 
flame. These films exhibit characteristic appear- 
ancca. They are best seen when the charcoal 
is supported on an aluminium plate, A piece of 
sheet aluminium 12 ern. hy 5 cm. is bent at 
right angles at a distance of 2 cm. from one 
end, thus forming a ledge on which a small 
flat- piece of charcoal is supported so that the 
surface of the metal sheet fiscs vertically behind 
the ledge. Volatile oxides and sublimates in 
general condense on to this metallic surface. 

The work of the reducing flarne is fneilitated 
* by adding a fragment of sodium to the substance 
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supported on charcoal (Parsons, J. Amer. Chem. aluminium; blue fasible= certain phosphates, 
Soc. 100}, 23, 150). silicates, borates; green=2inc, titanium, tin ; 

Reduction effects on charcoal may be obtained pink=inaynesium. 
by charring a wooden matchstiek which has (6) Heating with Borax or ilicrocosmic Salt.~~ 
been previously smeared with molten fusion A clear bead is formed by fusing in a loop of 
mixture. A portion of the substance under platinum wire borax, Na,B 4 O 7 .t0H, or niicro- 
examination is intimately mixed with fusion cosmic salt, Na{NH) t HP0 1 ,'4H,0. A small 
mixture and heated on the charcoal split in the amount of the substance under examination is 
reducing flame of the Bunsen burner until picked up on the bead and heated first in the 
reduction is complete. The charred matchstiek oxidising flame (O.F.) and then after coohng 
is allowed to cool inside the dark rone, then in the reducing flame (R.F.). The colours of 
withdrawn, crushed in a mortar.aiid the particles the beads should be noted at each stage and 
levigated with water when the light charcoal also when hot and cold. Excess of substance 
floats away leaving heavier metallic particles should bo avoided, otherw ise the bead 1 becomes 
which mny bo further examined by heating on opaque and cloudy. 

asbestos or charcoal in the oxidising flame when These so called borax and microcosmio beads 
sublimates and incrustations arc obtained. owe their colours respectively to the formation 
Incrustations on charcoal - white crystalline, of certain borates and phosphates of the heavy 
very volatile=orjenic ; white, less volatile= metals. Tho excess of boric oxide present in 
antimony; orange-yellow hot, paleyelJow cold = fused borax glass, Na l B < 0 7 , unites with a 
bismuth ; pale yellow' hot, deep yellow cold, metallic oxide forming the corresponding borate 
white edge ^ lead ; yellow hot, white cold= which often has a distinctive colour, such as 
zinc, molybdenum; reddish-brown or Orange- blue cobalt borate, CoB,0 4 . Microcosmio 
yellow cold— cadmium. salt on ignition changes into readily fusible 

Metallic bends or residues on charcoal : white sodium metaphosphate which combines with 
mallcablc=«her, tin, lead, red mallcable= metallic oxides to form double orthophosphates 
copper; grey brittle=anhmony, bismuth; grey which often exhibit distinctive colours such as 
powder, magnetic=ircm, cobalt, nickel; non- the green copper sodium phosphate, CuNaPO t . 
magnetic =molybdtnum. When a silicate is introduced into the molten nicta- 

(A) Cobalt filtrate Reactions — When moistened phosphate tho latter withdraws the basic oxide 
with this reagent and subsequently heated from the former setting free silica which remains 
strongly certain indefinite substances acquire undissolved as the so-called “ silica skeleton ” 
characteristic colours: blue infusiblo mass= CaSiO,+ NaPOj^CaNaPOi+SiO,. 


Borax Beads . — 


Outer Marne (OF) 

Inner Mime (R F.) 

Metal 

Wot Cold 

Yellow Paler 

Bluo Bluo 

Violet Bedduh -brown 

Amethyst Amethyst 

Yellow Green 

Yellow Colourless 

Yellow Colourless 

Yellow Tale yellow 

Yed.k’W' Crer.wxV ywllwr 

Yellow Colourless 

Orange red Colourless 

Green Bluish green 

Wot Cold 

Green Bottle green 

Bluo Bluo 

Grey Grey 

Colourless Colourless 

Green Green 

Brow n Brown 

Yellow to Brown 

Green Bottle green 

Dsoum.fb JfmmrM-grtea 

Brownish-violet 

Colourless Colourless 

Colourless Brown 

Iron 

Cobalt 

Nickel 

Manganese 

Chromium 

Molybdenum 

Tungsten 

Uranium 
Vt/atAv/se , 

Titanium 

Cerium 

Copper 


Jl/icroeomfc Beads . — TliC colours in the 0 F. sulphur compounds, (ii) with fusion mixture and 
are similar to those in the borax bead, but the sulphur a soluble mass giving coloured precipi- 
rcducing effects are less pronounced. In the tato with dilute acid, yclIow=/in; orange** 
R.F. molybdenum compounds give a green antimony. Thus fused insoluble oxides SnOj 
colour ; thaw of tunysfen a greenish blue tint. and Sb,0 4 can then be characterised. 

When heated in a roicrocosmic bead saturated (c) Heating with fusion mixture and nitre 
with copper oxide, chlorides and brom ides cvolre (KNO,): soluble green mass =* inanyantst, 
a bluo and green flame, whereas iodides give a yellow mass =ehromium. 
green flame. (d) Heating in closed tube with potassium 

(7) Special Dry Tests. — (a) Heating on char- hydrogen sulphate. Gas evolved: carbon 
coal with potassium for cuprous) iodide and dioxide=earbona/es, oxalates ; accompanied by 
sulphur; crimson inenistation=6i"jmMfA : lemon charring of the residue** tartrates, citrates, 
yellow incrustation** lead ; greenish-blue fumes** and many other organic acids ; carbon monoxide 
mercury. (bluo flame) ^formates, oxalates; sulphur 

(6) Heating on charcoal with ( i) fusion mixture dioxide** sulphites, thiosulphates; hydrogen 
alone {Na t CO,,K,CO,). and then moistening sulphide** sulphides (not all); hydrogen chloride 
with dilute acid, hydrogen sulphide evolved** (fuming in air) = chlorides (not all); hydrogen 






549 


.CHEMICAL ANALYSIS. 


fluoride (etching glas a)— fluorides ; bromine and 
hydrogen bromid t= bromides; iodine— iodides ; 
nitrous furnc-s-- nitrile), nitralw. 

Examination jn the Wet Way. 

The first essential step in any systematic 
analytical examination is to bring the material 
into solution. A metallic substance is treated 
directly with moderately strong nitric acid, when 
tin and antimony form oxides which to a large 
extent remain undissolved ; arsenic is oxidised 
to soluble arsenic acid, other metals are con- 
certed into soluble nitrates with the exception of 
gold and the platinum metals — the so-called 
noble metals — which are not attacked. 

If the substance is not metallic it Is first 
treated with hot water and if anything dissolves 
(which is ascertained by evaporating a few drops 
of extract on platinum foil or on a watch glass) 
the substance is boiled twice or thrice with fresh 
quantities of water. Any residue Is treated with 
dilute hydrochloric acid arid, if still resistant, 
with the concentrated acid. During this 
treatment, gases may lie evolved which are 
characteristic thus : earhon dioxide (efferves- 
cence) from carbonaUt ; sulphur dioxide from 
mlphtivi or Ihioeulphate# ; chlorine from 
jitroxidtn or hyp>ochloriles ; hydrogen cyanide 
from cyanide; hydrogen sulphide from ‘sulphide* 
or hypotulphilet. 

Certain chlorides, such as harium and lead 
chlorides, are very sparingly soluble in strong 
hydrochloric acid and hence the solution must 
be diluted before filtering from any residue. 
.Silver, lead, mercurous, and thallous com- 
pounds will bo converted into insoluble or 
sparingly soluble chlorides. 

Solvent Action of Mineral Acids. — 
Although it is impossible to give a hard and fast 
rule as to the mode of applying the following 
acidic solvents — hydrochloric, nitric, sulphuric- 
and hydrofluoric acids — yet the following 
considerations will indicate their relative advan- 
tages (Noyes and Bray, J. Arner. Chem. Soc. 
1907, 29, 197,491). 

Hydrochloric Acid. — (I) AdvanUiyeji: (i) 
solutions in this acid do not deposit sulphur on 
treatment with hydrogen sulphide; (ii) its 
solvent action on lead peroxide, manganese 
dioxide, and the hydrated oxides of tin and 
antimony is superior to that of nitric arid ; 
(iii) hydrated silica is readily precipitated on 
evaporating a solution in hydrochloric acid. 

(2) iJi’.advanlwjvs-. (i) this acid is com- 
paratively useless for alloys ; (ii) evaporation of 
its solution leads to volatilisation of arsenic, 
germanium, mercury, selenium, and tin as 
chlorides. 

Nitric Acid. — (I) Admnlngw ; (i) the best 
general solvent for metaLs and their alloys; 
(ii) oxidises and dissolves insoluble compounds of 
arsenic, mercury, and selenium without forming 
volatile derivatives of their elements ; (iii) does 
not cause precipitation of silver, lead, or 
thallium; (iv) oxidises sulphides not attacked 
by hydrochloric and Eulphuric arids. 

(2) Dirndinnlaytt ■ (j) this acid alters the 
state of combination of many elements, for it 
oxidises antimoniou.?, ar-.eriious, mercurous, 
ferrous, and stannous salts; (ii) its solution 


deposits much sulphur on treatment with hydro- 
gen sulphide ; (iii) oxidation of sulphides in 
presence of harium, strontium, and lead causes 
precipitation of these metals as sulphates ; 
(iv) nitric acid is less efficacious than hydro- 
chloric arid in rendering silica insoluble. Tho 
nitric arid solution of an alloy when evaporated 
to dryness and heated at 1 20'-] 30° may yield 
partially dehydrated hydroxides of silicon, tin, 
antimony, titanium, and tungsten in an insoluble 
condition. When phosphorus or arsenic is 
associated with tin the insoluble residue may 
contain stannic phosphate or arsenate (phospho- 
s tannic or arsenostannic acid). 

Sulphuric Acid. — The dilute arid is of 
little value as solvent, hut hot concentrated arid 
is useful in certain cases : (i) in bringing certain 
alloys such as white metals into solution ; 

(ii) in the parting of noble from baser metals; 

(iii) in rendering soluble certain refractory 
minerals such as monazite, wluch contains 
phosphates of rare earth metals; (iv) destruc- 
tion of organic matter, when evaporation of a 
solution of the substance in concentrated 
sulphuric arid is preferable to ignition, since the 
latter process renders certain inorganic sub- 
stances insoluble and leads to loss by volatilisa- 
tion of such elements as arsenic, mercury, or 
selenium. Very stable organic substances, Bueh 
as paraffin wax and cellulose, can lie destroyed 
completely by adding drop by drop a little 
strong nitric acid to the sulphuric acid solution 
until- the latter acquires a light yellow colour. 
On dilution with 20 to 30 volumes of water Ibis 
solution may deposit silica and certain refractory 
silicates and fluosilicates together with sulphates 
of calcium, strontium, harium, lead, and 
insoluble chromic sulphate formed during heat- 
ing. Moreover, the precipitate may contain 
basic sulphates of bismuth, antimony, and tin, 
the dehydrated oxides of the last two metals, 
and those of aluminium and titanium; (v) in- 
soluble complex cyanides are decomposed by 
hot concentrated sulphuric arid ; alternatively, 
they may be attacked by aqueous alkali 
hydroxides to yield soluble alkali cyanides and 
insoluble metallic hydroxides. 

Hydrofluoric Acid. — -The residues left from 
the treatment with the preceding acids are- 
next attacked with a 40% solution of hydrogen 
fluoride now obtainable in bottles of gutta- 
percha, phenol-formaldehyde resin, or glass 
lined with paraffin wax. (1) Adv/jriUtyvi : 
(i) rnanv refractory silicates are readily decom- 
posed, the silicon being eliminated completely 
os gaseous silicon fluoride; (ii) providing 
that the solutions are not taken to dryness the 
reducible metals and their compounds rnay be 
treated in platinum vessels. (2) diie'idvinUi'jes . : 
(i) glass and silica ware vessels cannot be used 
with this acid ; (ii) its destructive action on 
animal tissues necessitates an efficient draught 
cupboard for all operations involving hydrogen 
fluoride. 

Aqua Regia (concentrated hydrochloric arid 
3 parts, and nitric arid 1 part) may be employed 
in attacking substances not dissolved by its two 
constituents taken separately; it is, however, of 
little use for colourless insolubles. It readily dis- 
solves gold and platinum, but it h-.ss efficacious 
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in rendering soluble the rarer noble metals such 
as osmium and indium. 

Treatment of Insolubles. 

The substances not readily dissolved by the 
foregoing acidic reagents are generally regarded 
as insolubles, although they are divisible into tw o 
clashes: (i) pseudo-insolubles, which are dis- 
solved by special reagents; (u) (rue insolubles, 
which are only broken up into soluble compounds 
through the agency of fused alkali carbonates. 

Psevdo-Jssolvbies — Si her (Monde and 
bromide soluble m aqueous ammonia. All 
three silver halides are completely decomposed 
with zmc and dilute sulphuric acid, metallic 
silver and soluble zinc halide being produced. 
Insoluble fluorides of the common and rare 
earth metals are decomposed on heating with 
concentrated sulphuric acid. Lead sulphate 
soluble in ammonium acetate. Oxides of ant i- 
rnontj dissolve in hjdrochloric and tartaric acids. 
Anhydrous chrotnic sulphate and basic bismuth 
sulphate when boiled with aqueous sodium 
carbonate are converted respectively into 
hydroxide and basie carbonate. These pro- 
ducts are then dissolved m dilute mineral acids 

True Insolubles. — These substances are 
heated with fusion mixture, that is sodium and 
potassium carbonates in molecular proportions — 
NaKC0 3 . In the absence of reducible metals, 
such as silver, copper, lead, or tin, silicates and 
insoluble sulphates (those of barium and 
ationtium) may be heated with fusion mixture 
in platinum vessels. 

Molybdenum sulphide (indicated previously by 
dry tests) which would corrode the platinum 
should be oxidised by adding nitre. Fusions 
from insoluble silicates are treated directly with 
hydrochloric acid, when the metals present pass 
into solution as chlorides, whereas the silua is 
rendered insoluble by evaporating the acid liquid 
to dryness. Fusions from insoluble sulphates 
are extracted with water to remove the soluble 
alkali sulphates; the residue (BaCO,. SrCO,) 
is then dissolved in dilute hydrochloric acid. 
The insoluble silier halides are decomposed by 
fusion mixture y lelding the corresponding soluble 
alkali halides; insoluble lead compounds are 
decomposed similarly. The ignited oxides of 
aluminium, antimony, chromium, tin, and 
titanium rank as insolubles, since they are not 
readily attacked by fusion mixture but yield to 
fusion with potassium hydroxide. The oxides of 
aluminium and titanium may be rendered soluble 
by heating with potassium hydrogen sulphate. 

fcpecial methods for dealing with insoluble 
oxides of antimony, chromium and tin are 
indicated among the dry tests (76 and c). In- 
soluble compounds (oxides or sulphides) of such 
easily reducible metals as A g, Pb, Sn, or Sb are 
all decomposed and reduced to the metallic state 
by fusion with aodium or potassium cyanide. 

When both aqueous and acidic extracts of the 
same substance hav e been obtained the analyst 
must decide whether these may be mixed or 
analysed separately. The latter course some- 
times gives information as to the distribution of 
acidic and basic radicals in the original material. 
If the former alternative is adopted it must be 
remembered that a hydrochloric arid solution 


may cause precipitation of lead, silver, thallium, 
and possibly mercury from an aqueous or dilute 
acid solution ( H N O s or H 2 S0 4 ). 

Systematic Examination in the Wet 
Way. — In the systematic separation of acidic 
and basic radicals the formation of a precipitate 
at the proper stage is not sufficient proof of 
the presence of a particular substance, and a 
characteristic confirmatory test should always be 
applied. The colour of solutions at difierent 
stages in the analytical operations is a v aluable 
indication. Excess of reagents should be 
avoided, but filtrates should alw ay s l>e tested to 
ensure complete precipitation. Many tests 
succeed only when a due proportion of reagents is 
added, and reagents should alway s be added very 
gradually. All precipitates which have been 
subjected to the action, of solvents should he 
thoroughly w ashed, but in qualitative, as opposed 
to quantitative, analysis it is not generally 
desirable that all washings should mix with the 
filtrate. 

Strength of Reagents —In systematic analysis 
by the wet way speed and accuracy are increased 
by working in an approximately quantitative 
manner. This becomes possible if all the re- 
agents employed are made in solutions which are 
either multiples or sub multiples of normality. 
The dilute acids (HCI, HNO„ H t S0 4 . and 
CH, COjH) may conveniently be of 2.V- 
strength The alkalis (NaOH, Na t CO,, 
NHj.HjO, and (NH 4 )jCOj) should then bo 
of the same 2 A’ strength. Other reagents 
may be prepared as follows Ammonium 
chloride 4A'-, saturated baryta water, 
Ba(OH) t , J.Y- ; saturated lime water 
bromine water \X , ammonium sulphate 8A’-, 
and the other reagents so far as possible made up 
in normal solutions. 

The reaction of the original solution towards 
litmus paper should be noted and a portion 
tested for ammonium compounds by heating 
with aqueous sodium hydroxide or by triturating 
in a mortar with soda-lime. 

In systematic qualitative analysis, advantage 
is first taken of similarities existing between 
certain metallic radicals which enable these 
radicals to be segregated into a limited number 
of groups, the members of each group being 
subsequently ’either separated or identified by 
means of specific differences between the pro- 
perties of the respective compounds of these 
group members. 

In the construction of a scheme of systematic 
analysis for the more commonly occurring 
metallic radicals it has long been the practice to 
divide these radicals into six groups with an 
alternative division into five groups due to the 
circumstance that some analysts prefer to add 
the reagents of Groups III and IV successively 
without an intervening filtration. The latter 
procedure was formerly adopted when the 
conventional reagents w ere still used in s scheme 
of analysis applicable in the presence of the less 
commonly occurring metals. But in more 
modem practice the older procedure with the 
following reagents has been discarded in favour 
of a comprehensive scheme of analysis making 
use of newer reagents as indicated in a sub- 
sequent section of this article (p. 556). 
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Systematic Separation in the Absence of 
the Rarer Metallic Radicals. 

Gnour I. — Reagent : hydrochloric acid in 
moderate excess. Precipitate : silver, lead, and 
mercurous chlorides. 

Table I. 

White Pbecjtitate Boiled with Wateb. 

Residue: extracted with Filtrate: added 
aqueous ammonia in H 2 S0 4 , white 
excess. ppt., PbS0 4 . 


Pb 

Confirm for Pb 
by dry test or 
with chromate 
and dithizone 
tests. 


Residue black 

Filtrate 

NH„Hg,CI or 

acidified 

NH 2 HgCI+Hg 

with HNO; 
IwhiteAgCI 

Hr 

| Ag 


If the original solution was alkaline the pre- 
cipitate in Group I may contain such sulphides 
as As 2 S 3 , Sb 2 S 3> or SnS 2 , dissolved in aqueous 
alkalihydroxide or sulphide. This yellow or 
orange precipitate is examined under Group II. 
The filtrate from Group I precipitates or 
the solution itself in absence of such precipitate 
should be evaporated nearly to dryness to 
remove nitric acid, since this oxidising agent 
leads to deposition of sulphur at the next 
stage. 

Group II. — Reagent : hydrogen sulphide in 
acid solution. Tin's is the usual reagent although 
thioacetic acid and sodium thiosulphate have 
been recommended as substitutes for the mal- 
odorous gas. Precipitate : sulphides of arsenic, 
antimony, tin, bismuth, cadmium, copper, had, 
and mercury. The solution must bo dilute and 
only moderately acid ; it should be saturated 
repeatedly with the group reagent. 


Table II. 

Group precipitate washed with aqueous hydrogen sulphide and wanned twice with yellow 
ammonium sulphide, (NH 4 ) 2 S X . 


Residue : boiled with dilute nitric acid ( 1 : 4 by vol.) 


Residue : dissolved in 
aqua regia, excess 
of acid expelled. 
SnCI 2 added, white 
ppt. Hg 2 CI 2 . 


Filtrate evaporated to small bulk, 
diluted with cold water, filtered. 


Precipitate 
PbS0 4 
soluble in 
CH 3 C0 2 NH 4 .i 
K 2 Cr0 4 added. Precipi 


Filtrate : add 


nh 4 oh. 


PbCrO, 


tate 

white 

BiO-OH; 

confirm 


Filtrate 

blue 


by KCN 

pass 
SHj, 
yellow 
ppt. CdS 
confirm 
by dry 
tests. 


Filtrate: acidified with dil. 
HCI; the ppt_ boiled with 
aqueous (NH 4 )HC0 3 . 

Residue : dissolve 

Filtrate 

in strong HCI 

acidified 

filter from S add 

gives 

to clear solution 

yellow 

strips of Pt and 

ppt. 

Zn, black stain on 

As 2 S 3 
confirm 
by dry 

Pt denotes 

Sb 

tests 

Zn dissolved in 
HCI and HgCI 2 

As 

added, white ppt. 
Hg 2 CI 2 becoming 
grey ( Hg) denotes 

Sn 



In the separation of As, Sb, and Sn by 
(NH 4 )HCO 3 some SnS 2 dissolves and is re- 
precipitated by acids ns a white oxysulpliide. 
Boiling with cone. HC) effects a separation by 
dissolving thoSn and Sb sulphides, leaving nearly 
the whole of the As 2 S 3 undissolved. 

The filtrate from the foregoing sulphides should 
be examined thoroughly as to the complete 
precipitation of all metals of analytical Group II. 
Cadmium is not completely precipitated as 
sulphide if the solution is too acid, and if quin- 
quivalent arsenic is present the reduction 
necessary to produce As 2 S 3 is not readily 
occasioned by hydrogen sulphide. If arsenates 


are suspected they should be reduced by 
boiling with sulphurous acid or a soluble iodide 
in acidified solution before the passage of 
hydrogen sulphide. When these precipitations 
are complete the solution should be boiled to 
expel hydrogen sulphide and any iron present is 
oxidised by addition of nitric acid or bromino 
water. If organic matter be present it is 
destroyed either by evaporation to dryness or by 
treatment with hot sulphuric and nitric acids 
(e. supra). As silica and barium sulphate may 
be deposited at this stage any colourless pre- 
cipitate should bo collected and examined 
separately for these insolubles (q.v.j. A portion 
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of the oxidised solution should now be tested for 
phosphate with nitric acid and ammonium 
moly bdate, v hen a yellow precipitate of am- 
monium phosphomolybdate indicates the 
presence of this arid radical and thus determines 
the subsequent procedure. 

Geo cp ill. — Reagcnt3 • Ammonium chloride 
and ammonium hydroxide. Precipitate: (a) In 
absence of phosphates : hydroxides of aluminium, 
chromium, and iron. Some manganese, zinc, 
and smaller amounts of alkaline earth metals 
may bo co precipitated. (6) In presence of 
phosphates : phosphates of alternate um, chromium , 
and iron with those of Groups IV, V, and 
magnesium. With excess of ammonium chloride 
some of the zinc phosphate may remain in 
solution. 

Table III (a). 

(Phosphates absent ) 

To the filtrate from Group II after boiling off 
SH t and oxidising with HNO, are added 
NH 4 CI and NH,OH. Precipitate, hydroxides 
of aluminium, chromium and iron The mixed 
precipitate is warmed » ith excess of sodium per- 
oxide and filtered. 


Residue: FejOj.zHjO Filtrate: divided into 
possibly containing 2 parts : 

6ome MnO,jH t O, (1) boded with excess 
dissolved in dil. HCI of NH 4 Cl, white 

and confirmed for gelatinous ppt, 

iron by adding A I (OH),, con- 

K,Fe(CN) 6 . Blue firmed by dissolving 

ppt. Fe Fe also in dd. HCI and 

confirmed by KC NS applying aurin test, 

red coloration, (v, infra) red lake, 

A! 

Fe Also blue mass with 

Co(NO,), on char- 
coal 

(2) Acidified with dil. 
CH, CO,H and 
Pb(CH,-CO,), added, 
yellow ppt. PbCrO,, 
Cr 


The aluminium is confirmed by dissolving its 
gelatinous hydroxide in the minimum of hydro- 
chloric acid and adding ammonium aunntn- 
carboxy late (<dti minon), which furnishes a bright 
red lake. Confirmatory tests for chromium and 
iron are described in the special reactions for 
these metals. 


Table III (6). 

(Phosphates present ) 

If the original solution was acid, this group precipitate may include any phosphates insoluble 
in neutral or alkaline solutions. 


The sodium peroxide separation apphed to one- 
third of the precipitate. 

Remainder of group ppt. dissolved in 
dilute hydrochloric acid, solution almost 
neutralised with Na.CO, and treated sue 

1 Residue: FeP0 4 dis- 
solved m hydrochloric 
acid and confirmed as 
in III (a) for 

Filtrate 

(i) Add ammonium 
chloride and bod, 
AIPO, confirmed 

ccssively with CH, CO,N H 4 ,CH,CO t H 
and FeCl, until no further precipita 
txon. The deep red mixture is boded and 
filtered hot. 

Fe 

1 

1 

for Al as in III (a) 
(ii) Yellow solution 
confirmed as in 
III (a) for 

Cr. 

Precipitate • Fe P O 4 
and basic ferric 
acetate neglected. 

Filtrato (xamincd 
for metals of 
groups IV and V 
and for Mg. 


In the foregoing separation the phosphoric Precipitate: sulphides of cobalt, manganese, 
acid may alternatively be removed by evaporat- meld, and zinc (see Table IV.) 
mg tho filtrate from Group II to dryness with The black mckelic hydroxide is dissolved in 
nitric acid and granulated tin w hen tho insoluble dilute hydrochloric acid and nickel confirmed 
residue consists of xnetastnnmc and pbospho by diroethylgly oxime (red precipitate). Cobalt 
stannic acids. Phosphoric acid may also be may be confirmed by a nitroso-0 naphthol (red 
separated as bismuth phosphate, BiP 0 4 cobaltic lake) or by sodium nitroso-/? naphthol- 
(heachan, Z. anal. Chem 1025, 65, 346). To 3 6-d:sulphonate (nitroso R-salt). 
this end, feme iron is reduced with hydrazine A quicker separation of Group IV sulphides is 
hydrochloride and solid bismuth oxymtrnte, effected by digesting them with cold dilute 
BiO-NOj. is added to the feebly acid solution hydrochloric acid (1:20), when zinc and 

Tho cldonno and phosphate ions are re- manganese pass into solution leasing nickel and 
moved so that only 1 mg. of P t O s remains j>cr cobalt sulphides undiasohcd. Vut generally 
litre. appreciable traces of the last two metals are 

Group IV. — Reagents: ammonium sulphide found in the filtrate. The rest of the separation 
or preferably hydrogen sulphide and ammonia, is as shown In Table IV : 
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Table IV. 

Hydrogen sulphide is passed into the ammoniacal filtrate from Group III. The precipitated 
sulphides washed and dissolved in hydrochloric acid with addition of KC10 3 . Solution evaporated 
to remove excess of acid and excess of NaOH solution added. 


Precipitate: Hydrous oxides of Mn, Ni, and Co. Dissolve 
in HCI, partially neutralise with NH 3 ,H 2 6, add excess of 
CH 3 -C0 2 NH 4 and pass in SH 2 . 


Precipitate: apply borax test: if bead is 
sherry colour N i only is present. If bead 
is blue dissolvo ppt. in HCI-f KC10 3 , 
boil ofi excess of acid. Nearly neutralise 
with NaHCOj, boil with excess of 
KCN, add either NaCIO or Br 2 ,H 2 0 
and NaOH and filter. 


Black ppt. wash and 
apply borax test, 
bead* sherry, 

Ni 


Evaporate to dry- 
ness, apply borax 
test, blue, 

Co 


Filtrate : add N H 3 
and pass SH 2 
pink sulphide, 
MnS. Fuse 
with KNO 
green 

(manganate) 

Mn 


3 ' 

mass 


Filtrate Zn(ONa),. Pass 
in SH 2 white ppt. ZrtS. 
Ignite on charcoal ZnO 
yellow to white oxide. 
Add Co(N0 3 ) 2 ignite 
again, green mass, 

Zn 


Gbocp V. — Reagents: ammonium carbonate and ammonia. Precipitate: barium, strontium, 
and calcium as carbonates. 


Table V. 

To the filtrate from Group IV are added ammonia and ammonium carbonate ; the solution is 
warmed, not boiled. The group precipitate is dissolved in dilute acetic acid, and if the flajne 
test gives a green, confirm for barium by adding K 2 Cr0 4 and filter. If no barium, test at once for 
strontium and calcium. 


Yellow precipitate : wash, dissolve 
in HCI. Add dilute H 2 S0 4 . 
White ppt. BaS0 4 , 

Filtrate: add 8A-(NH 4 ) 2 S0 4 and a little NH 3 ,H 2 0; 
boil for 5 minutes ; filter. 

Ba 

White precipitate : wash 

Filtrate: add (NH 4 ) 2 C 2 0 4 


and apply flame test. 

white ppt. CaC 2 0 4 *H 2 0. 


Crimson flame, 

Flame test, brick red, 


Sr 

Ca 


Owing to their close relationship, a sharp 
separation of these three metals is very difiicult. 
Bray (Tech. Quart. 1908, 21, 450) recommends 
an alternative process starting from a group 
precipitate which contains magnesium as 
MgC0 3 (NH,) 2 C0 3 ,4H 2 0, deposited on using 
ammonium carbonate in presence of alcohol. 
This precipitate is dissolved in 20 c.c. of 30% 
acetic acid, solution neutralised with ammonia, 
reacidified with 3 c.c. of acetic acid, diluted 
to 40 c.c., 10 c.c. of 20% potassium chromate 
slowly added and the mixture boiled for 2 
minutes ; yellow precipitate (BaCr0 4 ). To 
filtrate 3 c.c. of ammonia are added, diluted 
to CO c.c., 50 c.c. of 95% alcohol added ; after 
10 minutes, yellow precipitate (SrCr0 4 ). To 
the filtrate 200 c.c. of water are added, the 
solution boiled and 40 c.c. of 4% ammonium 
oxalate added ; after 10 minutes, white pre- 
cipitate (CaC 2 0 4 ). From the final filtrate 
magnesium is precipitated as the crystalline 


Mg(NH 4 )P0 4 ,6H 2 0 on adding ammonia and 
sodium phosphate. 

Gr.oup VI. — A portion of the filtrate from Group 
V examined for magnesium as in the foregoing 
test ; the remainder evaporated to dryness and 
ignited to expel ammonium salts. The residue 
dissolved in a small volume of water and tested 
separately for potassium and sodium, Table VI. 

Ammonium salts must be removed by ignition 
because they generally interfere with the tests 
for potassium, but iconogcn, sodium 1-amino- 
2-naphthol-sulphonate in 5-10% solution gives 
with the same strength of potassium salt 
solutions a colourless crystalline precipitate but 
does not precipitate an ammonium salt. 

Sodium bismuthothiosulpbate furnishes a 
yellow precipitate of K 3 Bi(S 2 0 3 ) 3 ; picric acid 
and sodium hydrogen tartrate also yield 
characteristic precipitates with potassium salts, 
but these three reagents give similar pre- 
cipitates with ammonium salts. 
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Table VI. 


Filtrate from Group V now containing excess of ammonium salts and ammonia is div ided into 
two unequal parts. 


The original solution 

(1) Smaller portion : 

(2) Larger portion : 

boiled with NaOH or 

add NH,CI, NH,OH 


ground up with soda 

and NajHPO,, colour- 

Apply flimo test for Na and K, 

lime, NHj evolved 

less crystalline precipi- 

confirm by dissolving residue in 

Ammonium (NH,) 

tate, Mg{NH 4 )P0 4 . 
6HjO, 

small bulk of water : add 

salts, 

(i) HjPtCI* — yellow cryst. nnt.. 

NH 4 . 

Mg. 

K,PtCI 6 . 

(i (a) ) NajCofNOjJj, yellow ppt„ 

K 

(li) Add to another portion, 
KjHjSbjO, — colourless cryst. 
ppt, NajHjSb.Oj.SHjO. 

(n (a)) Nickel uranyl acetate — yellow 
ppt, 

NaNi[(UOj) 3 {CH s 00,1,16^0 
Na 


Group Separations in the Presence 
or the Rarer Metals. 

In the presence of the less commonly occurring 
elements the group separations tabulated 
above require considers bio modification, but 
with the addition of a few new procedures 
they have proved sufficiently elastic and com- 
prehensivo to eerv e as a basis for the identifies 
tion 8nd characterisation of all tho known 
metals and metalloids. The systematic work- 
ing out of this complicated analytical problem is 
Ivrgely duo to A. A Noyes and his collaborators, 
and for exact working* details reference should 
be made to their original memoirs (J. Amer. 
Chem. Soc 1907, 29, 137; 1908. 30, 481; 
1909, 31, Gil, G25; 1912,34,609; Bray, Tech. 
Quart. 1903, 21, 450). 

At tint these workers retained the old classical 
separations, with the result that most of the 
rarer elements were precipitated by the well 
known reagents (e supra) of analytical Groups 
II, III, and IV, but m the original scheme 
devised by Noyes, Groups III and IV were 
merged into one, so that it is chiefly in this 
comprehensive group that the additional com- 
hcations are encountered The following is a 
nefouthneof the older methods of separation as 
adapted to the rarer elementa. The numbers of 
the analytical groupa have the same meaning as 
in the foregoing tables. 

Group I. — In addition to mercurous, silver, 
and lead chlorides, the precipitate may contain 
thallous chloride and tungstic acid. The former 
is extracted with hot water, any lead pre- 
cipitated from the extract as Bulphate, the filtrate 
treated with potassium iodide gives yellow 
thallous iodide, T\\*=thalUum. Hydrated 
tungstic acid precipitated by hydrochloric acid 
from alkali tungstate remains undissolved 
and is separated from silver and lead by fusion 
with alkali carbonate. The aqueous filtrate 
contains alkali tungstate which on boiling with 
zinc and hydrochloric acid develops a blue 
coloration = tungsten. 


Group II— Hydrogen sulphide in acid solu- 
tion precipitates selenium, tellurium, molyb- 
denum, gold, and platinum metals. Extraction 
of the group precipitate with yellow ammonium 
sulphide brings the greater part of these elements 
into the tin sub-group, but not wholly, for 
appreciable quantities of molybdenum, 'gold, 
rhodium, palladium, and some ruthenium remain 
among the insoluble sulphides of the copper 
sub-group. 

A. Copper Sub group —The precipitate boiled 
with dilute nitric ncid (1 vol HNO s , sper. 
120; 5 vofs. HjO) dissolves partially, tne 
solution contains lead, copper, cadmium, and 
bismuth. The residue, which retains mercury, 
gold, platinum metals and tv trace of tin, is 
oxidised with bromine water, potassium chloride 
and hydrochloric acid are added, and the solution 
concentrated. A yellow crystalline precipitate, 
KjPtCl e =pZa/ini'»i. For osmium, palladium, 
rhodium, and ruthenium, which may be present, 
see special tests under these metals, p. 578. 
Excess of acid is expelled from filtrate, which 
is then rendered alkaline and boiled with excess 
of oxalic acid; brownish black precipitate® 
gold. Rhenium, which is precipitated m Croup 
II as RhjS,, finds its way into tho copper sub 
group, since this sulphide is only slightly soluble 
in ammonium sulphide. Tor special tests, see 
under Rhenium (p. 577) 

B. Tin Subgroup — rrom the ammonium 
sulphide solution, dilute acid precipitates 
sulphides which arc digested with boding con- 
centrated hydrochloric acid ; the solution 
then contains tin and antimony; the residue 
which retains arsenic and tho rarer elements is 
dissolved by hydrochloric acid and alkali 
chlorate and the solution concentrated to 
crystallisation: yellow precipitate, KjPfCI,** 
platinum. For indium and a trace of ruthenium 
which may be present, see special tests under 
these metals, p. 678. The filtrate treated 
successively with ammonia and magnesia 
mixture (MgClj.SNH^Ci with NH,OH) 
yields colourless crystals, MgfNH^AsOj.OHjO 
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— arsenic. After evaporating to remove 
ammonia the filtrate is boiled with oxalic acid, 
brownish-black precipitate ( gold ) extracted with 
hydrochloric acid to dissolve out co-precipitated 
tellurous acid. The total filtrate is concentrated 
with strong hydrochloric acid and after removing 
precipitated potassium chloride treated with 
slight excess of sodium sulphite, red precipitate 

— selenium. The filtrate is diluted and treated 
successively with potassium iodide and solid 
sodium sulphite (excess), the double iodide 
K 2 Te! 6 is reduced, giving black precipitate 

— tellurium. The final filtrate boiled with hydro- 
chloric acid to expel sulphur dioxide is then 
cooled and treated successively with 10% 
potassium thiocyanate and stannous chloride 
(or metallic zinc), red coloration (Mo(CNS) 4 ) 
soluble in ether —molybdenum. Germanium, 
the nearest analogue of tin, is precipitated as 
GeS 2 and being soluble in ammonium sulphide 
passes into the tin sub-group. (For special 
tests, see under the metal, p. 571.) 

Groufs III and IV. — After boiling to expel 
hydrogen sulphide, the filtrate from group II 
is treated with moderately strong ammonia, the 
colour of the precipitate being noted. The 
ammoniacal mixture heated nearly to boiling is 
treated with ammonium sulphide or if nickel is 
present with hydrogen sulphide. In presence of 
vanadium, the filtrate from these sulphides is 
violet-red and on adding hydrochloric acid brown 
vanadium sulphide is precipitated. The acid 
filtrate is boiled to expel hydrogen sulphide and 
treated with ferric chloride and ammonia to 
precipitate last traces of vanadium. The 
presence of this metal in the sulphide and ferric 
hydroxide precipitates is confirmed by dissolving 
in nitric acid (sp.gr. I -20), diluting, and adding 
hydrogen peroxide, an orange-yellow coloration 
= vanadium. The group precipitate is dissolved 
in hydrochloric acid (sp.gr. 1-12) with addition 
of nitric acid or bromine water; the solution 
boiled with hydrochloric acid to remove nitric 
acid and evaporated to dryness in a platinum 
dish with 40% hydrofluoric acid. An insoluble 
residue from the aqueous extract indicates the 
fluorides of rare earth metals, including scan- 
dium, yttrium, thorium, and some fourteen 
others. These insoluble fluorides are decom- 
posed by hot sulphuric acid and special tests 
for the rare earth metals are applied to the 
solution of sulphates (see Cerium ; Rare 
Earths, etc.). 

The aqueous extract containing the soluble 
fluorides of all other metals of Groups III and 
IV is evaporated down successively with 
hydrochloric and nitric acids ; the nitrate solu- 
tion is treated successively with caustic soda 
solution, dry sodium peroxide, and aqueous 
sodium carbonate, a procedure which separates 
the whole group into two sub-groups with 
filtrate A and precipitate B. This method is 
valid even in presence of phosphates. 

Sub-group A . — The aluminium sub-group 
may contain sodium aluminate, bervllate, 
chromate, peruranate, vanadate, and zfneate. 
This alkaline solution may also contain gallium, 
its hydroxide being soluble in aqueous caustic 
soda; indium hydroxide is peptised by this 
alkali but largely reprecipitated on boiling. 
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Solution A is acidified with nitric acid (sp.gr. 
1-42), diluted considerably, treated with sodium 
hydrogen carbonate in moderate excess and the 
mixture heated in a stoppered bottle. The 
precipitate A, containing aluminium, beryllium, 
and zinc (with gallium and traces of indium) is 
dissolved in hydrochloric acid and the solution 
rendered ammoniacal. Zinc remains in solution 
whereas the hydroxides of the other metals are 
precipitated. These hydroxides are dissolved 
in strong hydrochloric acid, ether (1-5 vols.) 
is added and the cooled solution saturated 
with hydrogen chloride, colourless crystalline 
precipitate (AtCL,6H 2 0)= aluminium. The 
ethereal filtrate may now be tested specially for 
gallium, which may be removed as 

Ga 4 [Fe(CN) c ] 3 

(see special tests p. 568). The ethereal filtrate is 
evaporated to remove solvent, treated with 
ammonia, any precipitate is dissolved in 10% 
sodium hydrogen carbonate, the solution 
saturated with hydrogen sulphide, the filtrate 
from sulphide, which may include traces of 
ln 2 S 3 , is acidified, boiled, and rendered am- 
moniacal when a white fiocculent precipitate 
Be(OH) t — beryllium (confirmed by quinalizarin 
test, see under special tests p. 566). 

The filtrate from precipitate A (containing Al, 
Be, and Zn) is acidified with nitric acid and just 
neutralised with caustic soda ; 2 c.c. of nitric 
acid (sp.gr. 1-20) and 20 c.c. of 20% lead 
nitrate are added, yellow precipitate, PbCrO,,= 
chromium. The remainder of the lead is now 
removed by hydrogen sulphide, excess of this 
gas boiled off, and the solution treated with 
bromine, excess of which is also removed by 
evaporation. After neutralising with ammonia, 
the solution is treated successively with 5 c.c. of 
30% acetic acid, 2 g. of ammonium sulphate (or 
nitrate) and 2 g. of sodium phosphate. On 
heating the mixture to boiling, a white precipi- 
tate, U0 2 (NH 4 )P0 4 = uranium . 

It will be seen from the group separation with 
ammonium sulphide that vanadium remains in 
solution as ammonium thiovanadate from 
which vanadic sulphide is precipitated on 
acidification. But in the presence of con- 
siderable quantities of other metals yielding 
sulphides in ammoniacal solution some vanadium 
may be co-precipitated and this portion re- 
appears in the final filtrate from ammonium 
uranyl phosphate. This solution rendered am- 
moniacal is successively saturated with hydrogen 
sulphide, acidified with acetic acid, and boiled, 
dark brown precipitate, V 2 S $=vanadium ( see 
also special tests p. 573). 

Sub-group B . — This precipitate B may contain 
hydroxides aiid phosphates of iron, manganese, 
cobalt, nickel, zinc (traces), indium, thallium 
(tervalent), titanium, zirconium, niobium, and 
tantalum, together with calcium, strontium, 
barium, and magnesium as carbonates and 
phosphates. These precipitated hydroxides, 
carbonates and phosphates are dissolved in 
hydrochloric acid, the solution evaporated with 
strong nitric acid and treated with 0-5 g. of 
solid alkali chlorate, brown precipitate= 
manganese. A portion of the filtrate is tested 
for phosphoric acid and if present the remainder 



CHEMICAL ANALYSIS. 


CSC 

is treated with ammonia until nearly alkaline, 
then boiled with feme chloride and ammonium 
acetate. The filtrate contains the common 
metals of Groups IV and V with magnesium 
(apply ordinary tests). The precipitate, which 
consists of the hydroxides. phosphates, and 
basic acetates of iron, indium, thallium (triadic), 
titanium, zirconium, niobium, and tantalum, is 
dissolved in hydrochloric acid (apgr. 1*12) and 
the solution ehaken with an equal volume 
of ether. The ethereal extract contains feme 
and thallic chlorides; the hydrochloric acid 
solution retains indium, titanium, zirconium, 
niobium, and tantalum. Excess of acid is 
boiled off, the solution almost neutralised with 
ammonia and treated with hydrogen sulphide, 
yellow precipitate, I n 1 S i =indium(ste also special 
tests p. 568} The excess of hydrogen sulphide 
is boiled off and the solution concentrated with 
aulphunc acid to destroy chlorides ; the residue 
taken up with water and treated with hydrogen 
peroxide, and subsequently with sodium phos- 
phate, orange yellow coloration=<damum , 
white flocculent precipitate, Zr(OH) PO,= 
zirconium. Filtrato reduced with sulphurous 
acnl when a white flocculent precipitate confirms 
titanium. These separations are complicated 
by tho presence of niobium and tantalum The 
four precipitated hydroxides of Nb, Ta, Ti, 
and Zr may be boiled with dilute solution of 
sodium salicylate and salicylic acid when 
hydrated titania becomes dissolved The 
residue is washed with hydrofluoric, nitric, and 
sulphuric acids and then fused with potassium 
carbonate. A cold water extraction of the melt 
dissolves out the two complex potassium salts, 
K.N^Oj, and K/Ta^Oj,. On boiling this 
solution with an acid, hydrated Nb,O s and 
Ta,O s are precipitated, these arc dissolved in 
by ifrofluone acid and the solution concentrated 
until K,TaF 7 crystalhses=lantalum A 
portion of the hydrated oxide mixture boded 
with zinc and by drochloric acid, when blue colora- 
tion indicates niobium. Niobium and tantalum 
may bo separated by a differential hydrolytic 
dissociation of oxalomobic and oxalotantalic 
acids in presence of tannin in a solution slightly 
acidified with oxalic acid. Tho tantalum 
precipitate is light brown, but if contaminated 
with niobium it is red. Titanium, however, if 
present, also gM cs a red colour (Schoeller 
el a l. Analyst, 1925, BO, 485; 1928, 53, 2M, 
665 ; 1936, 61, 806). 

Zirconium minerals contain varying amounts 
of hafnium, some sources including as much as 
30% of HfO,. This oxide or its derivatives are 
quite commonly present in commercial zirconium 
compounds to the extent of 1%. Throughout 
the preceding analytical process hafnium will 
accompany zirconium because the two element* 
are so very similar that they are separated only 
by special means (r. Hafnium p 571). The 
greater volatility of the tetrachloride, HfCI 4 . 
the more sparing solubility of the oxy chloride, 
Hf l 0 1 Cl t ,5H l 0, 

and the greater solubtlitv of the hafno- 
fluorides. (NH 4 ),HfF 4 and' KjHfF 4 , are in- 
dicated as offering methods of fractional 
separation 


Groups V asd VI. — In the presence of the 
rarer alkali metals, lithium, rubidium, and 
cisium.it is preferable to precipitate magnesium 
in the calcium group. The filtrate from 
Groups III and IV concentrated to about 10 c c. 
is mixed with 30 c e. of 20% ammonium 
carbonate and 30 c c. of 95% alcohol. Pre- 
cipitation is complete in 30 minutes, magnesium 
being present as the double carbonate 
MgCOj. ( N H t ) t CO s ,4H t O. 

The further treatment of this group precipitate 
has been already described under Group V 
(r. p. 553), and as an additional confirmatory 
test for magnesium its blue lakes with quinali- 
zann or with magneson (p-iutrobenzeneazoresor- 
cmol) may be employed. The filtrate is eva- 
porated to dryness and ignited ; the residuo 
extracted with 10 c.c. of water and to one-third 
of the extract are added 0 5 c.c. of 10% caustic 
soda and 2 c.c. of 10% sodium phosphate, tho 
solution is then boiled and mixed with 1 c c. of 
alcohol, a white precipitate (LijP0 4 )=hfA*um, 
After removing lithium either as insoluble 
fluoride with omraoruacal ammonium fluoride or 
if present 03 chloride by means of acetone or 
other suitable organic solvent, one portion of the 
solution, containing the remaining alkali 
metals is tested for sodium by potassium 
pyroantimonate or by magnesium or zinc uranyl 
acetate and the other portion for potassium, 
rubidium, and emsium. These three allied 
metals give characteristic crystalline per- 
chlorates with perchloric acid, platinnhlondcs 
with HjPtClj, and double nitrites with sodium 
cobaltinitntc. They are further separated 
through the bismuthomtntes, since 
RbjNaBi(NO,) t and CSjNaBKNO,), are 
only slightly soluble, whereas the corresponding 
potassium compound is readily soluble. Cxsiuni 
can be largely separated from rubidium through 
the sparingly soluble, white, crystalline, complex 
salt, 3CsCI,2SbClj, since rubidium is not 
appreciably precipitated by antimony trichloride 
under similar conditions. After removing 
antimony as sulphide the solution is evaporated 
to dryness and treated with saturated sodium 
hydrogen tartrate solution. The crystalline 
precipitate will be RbHC 4 H 4 0 4 , which may 
contain some potassium salt, KHC t H 4 0 4 . 
To confirm rubidium, this preeijutate is digested 
in tho cold with aqueous 9A'-sodium nitrite. 
The extract is treated with saturated 
Bi(NO,) 3 ,5HjO in 9.V-acetic acid, yellow 
crystalline precipitate=rufcidium. Cesium is 
confirmed ev en in dilute solutions by adding A’* 
silicotungstic acid w hen a fine whito precipitate 
of Ca 4 SiW It 0 4J is deposited. 

For precise working details regarding the 
detection and identification of the rarer elements 
in accordance with the well establisned separa- 
tions into the classical six groups, reference 
should bo made to “ Qualitative Chemical 
Analysis," by R. V. McAlpino and B. A. Soule 
1933. 

An Alternative System or Qualitative 
Analysis including the Rarer Elements. 

In recent years Noyes and Bray hav edeveloped 
a new system of qualitative analysis which 
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Distil with 9A T -HBr. 

Distillate: Selenium Group. Se, As, Ge. 

Residue in Flask. Distil successively with HNO s and 
HCIO*. 

Distillate : 0s0 4 . 

Ru0 4 . 

Residue : Dilute with 12N-HCOOH and boil. 


Precipitate. 
Tungsten Group. 

Sb, Sn, W, and most 
of Mo. V and Te 
may also be carried 


Tantalum Group. 

Ta, Nb, and most 
of Ti, Zr, and Bi 
may also appear 
here. 

Gold Group. 

Hg, Au, Pt, Pd, and 
possibly I rand Rh. 

Any unattacked 
material. 


Filtrate : Concentrate and remove any alkali perchlorates. Add 
HBr to filtrate. 


Precipitate. Filtrate: Adjust acidity to 0-3N. Pass in H 2 S. 

Thallium 
Group. 

n . , Precipitate. Filtrate: Tost portion for Fe and 

g ’7 fDh Tellurium P °4- To rest add CH 3 C0 2 NH 4 
most of Pb. and Fe(NO,) 3 . Boil, filter, and 


Tellurium 

Group. 

Te, Mo, Re, 


add NH 4 OH and H 2 S to filtrate. 


Pb, Bi, Cu, 
and Cd. 


Precipitates 
as hydroxides, 
sulphides, or 
phosphates, j 

Gallium. 

Aluminium 

Group. 

Cr, U, V, 
Al, Zn, 
Be. Also 
W if phos- 
phate pre 


Filtrate : Evapo- 
rate, add NHjOH 
and EtOH. 


Precipi- 

tate. 

Alkaline 

Earth 

Group. 

Ba, Sr, 
Ca, Mg. 


Filtrate. 

Alkali 

Group. 

Li, Na, 
K, Rb, 
Cs. 


Nickel and 
Zirconium 


Mn, Co, Ni, 
In, Zn, Zr, 
Hf, Ti. 

Rare Earth 


Sc, Th, In, 


includes most of tho elements ; many new 
reagents are employed and an elaborate scheme 
of group separations has been devised. The 
method requires a considerable amount of 
technical skill in analysis and consumes a fair 
amount of time. Only a very brief outline can 
bo given hero and for further details reference 
must be made to the text book compiled by 
these authors. 

Section 1. Preparation of the Solution. 
— Tho finely divided sample is first tested for 
organic matter, ammonia, and for volatile 


acids. If the first named is present it must be 
destroyed and this is preferably done by heating 
on a steam bath with 0 jV-HCIO 4 and nitrio 
acid. (For the precautions necessary, see 
Section 16 p. 563.) The mixture is finally con- 
centrated to 1-2 c.c. and should contain about 
1 g. of the ash. 

This material, or the original substance if no 
organic matter is present, is heated with HBr 
under a reflux condenser from the top of which 
leads a delivery tube into a test-tube containing 
bromine water to trap any H 2 S or H 2 Se 
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evolved. If after some minutes’ boiling the 
sample is not all dissolved, a few drops of 
bromine are added and heating continued on a 
etcam bath. Any residue is now filtered oS 
and the filtrate caught m a 50 c c. distilling flash 
with ground glass stopper carrying a safety 
tube; the long side arm of the flash is bent at 
nght angles. 

The unattached material is treated in a dish 
with HNO, to remove bromine and the mixture 
tahen to dr} ness It is transferred to a platinum 
dish, digested with a little 27/V-HF on a steam 
bath for £ hour, HCIO, and HNO, added and 
the dish heated until fumes of perchloric acid 
appear It is kept at this temperature until a 
clear solution is obtained or, otherwise, for I 
hour, the volume of liquor being kept at about 
2 cc by addition of HCI0 4 . Finally the 
mixture is taken to dryness and the residue 
transferred with the aid of a little water to the 
distillation flash containing the HBr solution. 
This solution is now used for the group separa- 
tions given in Table 1. 

Section 2. Selenium Group. — The HBr 
solution in the distilling flask is heated until 
only about 3 cc. remain, the distillate being 
collected in the original test-tube containing 
bromine water. The contents of this tube are 
analysed for Se, As, and Ge by reducing free 
bromine with metabisulphitc and then adding 
NH,OH HCI. Red precipitate turning black 
on heating=Se. Arsenic and germanium are 
separated by precipitating the former with 
H,S in the presence of HR. Removal of 
the HF and retreatrnent with H,S (solution 
must be about 6.V) now precipitates white 
GeS r 


Section 3. Osmium Group.—' To the liquor 
in the distilling flask is added 9.V-HN0 3 (7c.c ), 
while the side tube is inserted in a test tube 
containing ice-cold 6.Y-NaOH. The flash is 
geDtly heated until bromine has been evolved, 
cooled in ice, and Na,0, powder added until 
the solution is colourless or until a bulk of 1 c.c. 
has been added. About 4 c e. of liquid is now 
distilled off, when a j ellow to orange solution 
in test tube denotes Os. Confirm by adding 
EtOH, filtering if necessary, and saturating 
slowly with HjS. Black precipitate= Os. 

9.Y-HCIO, is now added to the flask and 
distillation continued with a fresh test-tube 
containing sodium hydroxide as before. Red 
distillate^ Ru (a red precipitate may appeardue 
to volatilisation of mercury and must be filtered 
off). Ru is confirmed by adding EtOH when a 
black precipitate forms on standing 

If the original substance contained organic 
matter then Os and Ru will have been expelled 
in destroying this. 

Section 4. Separation of Tungsten, Tan- 
talum and Gold Groups. — Even in the absence 
of Os and Ru it is necessary to heat with 
HNO, and HCI0 4 in order to convert bromides 
to perchlorates orhjdroxidcs so that, on dilution, 
the W and Ta groups arc more completely 
precipitated. Dilution is actually made with 
10 c c. of 12.Y HCOOH and the mixture boiled 
under a reflux condenser for J hour, whereby 
the gold group metals are also precipitated, 
m addition, this treatment reduces MnO,, 
VjOj. and chromates which might produce 
precipitates at this stage. The separation of 
these various groups from one another and from 
any unattached material is given in Table 2. 


Table 2. 


Boil with 12.V.HCOOH. 

Precipitate : Oxides of W and Ta groups Au group metals. AgBr 
Sulphates of Pb, Ca, Sr, Ba, Cr, and other unattached material. Digest 
with HF on steam-bath, dilute, and filter. 

Filtrate. 
Analjse for 
all other 
groups. 

Filtrate. 
Tungsten Group 
Sb. Sn, W, Mo 
(V and Te) 

Tantalum Group. 
Ta. Nb, Tl (Zr. 
Bl). 

See Section 6. 

Residue: Au group metals. PbF IP CaF r SrF s , Ba and Cr sulphates 
and unattacked matenal. Boil with Na 2 CO a Filter and reject 
filtrate. Treat residue with HCt0 4 . 

Residue: Au group metals. AgBr CrjfSOjlj Un- 
attached material. Heat with aqua regia and HNOj, 
filter. Extract residue with hot NH,OH. 

Filtrate. 
Pb. Ca, Sr, 
Ba. 

Analyse for 
these. 

Filtrate. 
Gold Group. 

Extract. 

Add HOAc. 
White ppt. 
AgCI. 

Unattached 

Material. 


Section 6. Treatment of Unattacked aqueous extract of the melt is filtered while 
Material. — Any substance unattached by residue still remaining is heated with HCI 
previous reagents u fused with K t S,0, and the and filtered off. The two filtrates are united. 
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the acidity adjusted to 0'3.Y and H 2 S passed in. 
Any precipitate of Se, As, etc., is treated as 
original material, being analysed as far as the 
H 2 S groups, while the filtrate is examined for 
later groups beginning with thallium. Residue 
from the bisulphate fusion is treated as in 
Table 2 and unattacked material (ir, SnOo, 
Cr 2 (S0 4 ) 3 , silicates) is fused with Na 2 0 2 . 
The aqueous extract of the fusion is boiled, 
neutralised with HCI, and then made acid with 
this reagent after adding 1 c.c. of alcohol. This 
solution is now treated in the same manner as 
was the solution from the previous fusion 
excepting that precipitation with H„S is made 
under pressure to ensure complete deposition 
of the sulphides of platinum metals. 

Section 6. Analysis of Tungsten and 
Tantalum Groups. — (a) The filtrate from the 
digestion with HF (Table 2) is fumed with 
H 2 S0 4 , diluted, and the solution made alkaline 
with NH 4 OH. Freshly prepared (NR 4 ) 2 S is 
added and the mixture heated for i hour in a 
pressure bottle in hot water. A precipitate 
indicates the presence of Ta, Nb, Ti, Zr, Bi, 


or much V, and if it is considerable then more 
sulphide is added and the heating repeated. 
The final residue is filtered oil, washed, and 
examined by (6), (v. infra). 

The filtrate (thio salts of Sb, Sn, W, Mo, 
Te, V, and also (N H 4 ) 2 H P0 4 )) is poured into 
dilute acid, any precipitate being collected, 
dried, and ignited in H 2 S to produce lower 
valency sulphides. Sb and Sn are then removed 
with concentrated HCI and tested for by usual 
methods. The residue (WS 2 , MoS 2 , Te, 
V 2 S 3 ) is dissolved in aqua regia, the solution 
evaporated and the residue boiled with 2N-HCI ; 
yellow residue= H 2 W0 4 , which is confirmed. 
Mo and Te are now removed by means of 
H 2 S under pressure; VOCI 2 being unaffected is 
tested for in the filtrate. The sulphide precipitate 
is again dissolved in aqua regia, evaporated 
and treated with HCI, KSCN, and Zn ; black 
ppt.= Te: red solution=Mo(SCN) 4 . 

(6) The tantalum group precipitate obtained 
above may contain Ti0 2 , Ta 2 O s , Nb 2 0 6 , Ti, 
and Zr with P0 4 or V0 4 , Bi 2 S 3 , and is 
analysed as in Table 3. 


Table 3. 


Boil with Na salicylateq- salicylic acid for 2 hours (30 c.c. 3Y-Na 2 C0 3 -f 15 g. salicylic 
acid). Filter. 

Filtrate: Ti salicylate, 
H 3 V0 4 , H 3 P0 4 . 'Con- 
centrate, add H 2 S0 4 , 
extract salicylic acid 
with ether. Add 

NaOH. Boil. 

Residue: Ta 2 0 5 , Nb 2 O s , Zr(HP0 4 ) 2 , Bi 2 S 3 . Fuse with 
K 2 C0 3 , add cold H a O. Filter. 

Filtrate: K 8 Ta 3 0 19 , K 8 Nb 3 0 19 , K 2 HP0 4 . 
Saturate with S0 2 , heat, and filter. 

Residue : 

Zr0 2 , Bi 2 0 3 . 

Fuse with 
K 2 S„0 7 , add 
H„0 and H a S. 
Filter off 
black Bi 2 S 3 . 

PRECirlTATE : 
TiOj. 

Dissolve in 
HNO a , add 

h 2 o 2 . 

Filtrate: 

Na 3 V0 4 , 

Na 3 P0 4 . 

Add 

HCI, 
NH 4 OH, 
and H 2 S. 

Precipitate: Ta 2 0 5 , Nb 2 0 6 . Dissolve in 
HF, add K 2 C0 3 , evaporate, ignite, add 
water and boil. Filter. 

Precipitate : 
2K„Ta F 7 , 
Ta 2 O s . 

Filtrate: K 2 NbOF 5 . 

Fume with H 2 S0 4 , add 
NH 4 OH, boil. Acidify 
with H 2 S0 4 and boil. 

Filtrate : 
Zr0S0 4 . Boil, 
add H«0„ 

and 

Na 2 HP0 4 . 

Orange 

Solution, 

Ti0 2 -H 2 0 2 . 

Add Na 2 SO a 
and 

Na 2 HP0 4 . 

Violet- 

red 

Solution, 

(NH 4 ) 3 VS 4 

Precipitate: Nb 2 O s . 

Confirm. 

Precipitate : 
Zr(HP0 4 ) 2 . 

Precipitate : 
Ti(HP0 4 ) 2 . 


Section 7. Gold Group. — (Hg, Au, Pt, 
Pd, and possibly Ir and Rh as chlorides.) 
The filtrato containing this group ( see Table 2) 
is shaken with ethyl acetate which extracts 
HgCI 2 and AuCI 3 . This extract is now shaken 
with 3A T -NH 4 CI, whereby the mercury is re- 
moved and confirmed. The acetate layer is 
washed with 3A T -HC1, evaporated, anil the 
residue is tested for Au. 


The aqueous layer from the ester extraction 
is evaporated almost to dryness with a little 
HCI ; the residue if colourless is rejected, but if 
coloured it is treated with a drop or two of 
CAT-HCI and a little solid NH 4 CI; yellow 
ppt.= Pt ; black ppt.= I r ; red ppt.= Pt+ I r. 
This precipitate is taken up in aqua regia, evapo- 
rated to dryness, and water added, followed by 
NaHC0 3 until alkaline and a little Br water; 
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blue colour changing to black ppt. on wanning 
= 1 r. Platinum is confirmed in the filtrate. 

The filtrate after the removal of Pt and Ir, 
and which may contain (NH 4 ).PdCI 4 and 
(NH 4 )jRhCI 4 . is saturated with Cl t in a small 
bottle, the latter being then stoppered and 
allowed to Btand for } hour. Red ppt.= Pd. A 
red or orange filtrate after expelling C 1 , indicates 
Rh which, however, must be confirmed. 

Section 8. Thallium Group (see Table 1). 
— The perchloric acid solution after the removal 
of the W, Ta, and Au groups 13 treated with 
HBr to precipitate Ag, TJ, and most of the Pb 
as bromide. The last two are extracted succes- 
sively with hot water and bromine solution and 
silver confirmed in the residue in the usual way. 
In the combined extracts Pb is removed as 
sulphate while Tl is confirmed by reducing 
TlBr a with SOj and K! ; yellow ppt.=TI I . 


ANALYSIS. 

Section9. Tellurium andCopper Groups. 
— The filtrate from the previous group « 
evaporated to slight fumes of HCI0 4 , diluted, 
and us acidity adjusted to 0 3A’~ using for this 
purpose an indicator made from 25% methjl 
violet in alcohol which changes from blue to 
green between 015 to 0 ISA'- acid. A little 
ammonium chloride is added and H t S passed 
into the warmed solution until it cools. The 
resulting precipitate of Te, Mo, ir, Rh, Re, Pb, 
Cu, and Cd sulphides is removed, dissolved in 
aqua regia and the solution taken to dryness. 
The residue is dissolved in 6 c.c. of cone. HCI 
and the solution js saturated with SO. and 
filtered if necessary. The filtrate is dilutea with 
20 c.c. H ,0 , again treated with SO,, and heated. 
Any black precipitate of Te is removed and the 
remaining solution is examined according to 
Table 4. 


Table 4. 


Filtrate after removal of Te. Evaporate almost to dryness, add a few drops of HNO a 
and again take to dryness. Add 6A’-HCI and extract with ether. 

Ether Layer. 
Mo 0 3 .2HCI. 
Evaporate. 

Water Layer: Evaporate, add H t O, CH S CO OH, and NaNO t . Heat at 
60 8 -70°, make alkaline with NaOH. 

Filtrate; NajIrjNO!)*, Na a Rh(NO t ) 4 , NaRe0 4 Add 
HCI, evaporate, add Na t COj and Br r 

Precipitate 

Pb, Bi, Cu, 
Cd. 

Analyse by 
usual 
methods 

Residue : 
Blue. 

MOjOj-xMoOj. 

Add HCI, 
KSCN and Zn. 

Precipitate. IrO, (blue-black), RhO t 
(green). Take up m HBr, evaporate 
with aqua regia. Add 2 drops of 

6A’-HC| and solid NH 4 Ct. Heat on 
steam-bath. 

Filtrate : 
NaReO*. 

Add 12A'-HCI, 
evaporate and 
boil. Reduce 
with a little 
N,H,-HCI 
and NaHSO a , 
boil and filter 
neglecting any 
ppt. Add 

I2A'-HCi 
until solution 
is 6iV and 
pass in H,S. 

Red Colour: 
Mo(SCN) 4 

Precipitate : 
Black 

(NH 4 )|lrCI 4 

Filtrate : 

(NH 4 ) a RhC! 6 Add 
NH 4 OH, evaporate, 
add HCI. 

Precipitate : 
Yellow, 

[RhCI(NH a )j]Cl t . 

Precipitate ; 
Black ReS 2 . 


Section 10. Removal of Aluminium, Zir- 
conium, Nickel, and Rare Earth Groups. — 
The filtrate from the H jS precipitate is tested 
for iron and phosphate on a small portion, while 
the bulk of the solution is boiled and then 
oxidised with a little bromine, any excess of 
this reagent being removed. The acidity 
of the solution is reduced (with 4 c.c. of GA'- 
NH 4 OH), after which it is submitted to the 
basic acetate process with ammonium acetate 
and feme nitrate. Sufficient iron is added to 
combine with all the phosphate although rare 


earth phosphates may still precipitate as such, 
while Zn, Co, Ni, Be, and U may also he 
carried down. The precipitate containing Fe. 
Ga, Cr, V, W, Al, In, Zr, Ti, P0 4 is dissolved 
in HCI, evaporated, and the residue taken up in 
7A’-HCI. FeClj and GaCl a arc extracted with 
ether and are separated by reducing the iron 
to FeCI, w hen only GaCI| dissolves in the ether. 
The separation is not clean and the final traces of 
iron are removed by dissolving the gallium in 
0 3A’-NaOH. 

The aqueous lajer, after the extraction of Fe 
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and Ga, is evaporated with HN0 3 , sodium 
hydroxide is added followed by sodium per- 
oxide. On boiling the mixture the aluminium 
group (Cr, U, V, W, Al, Be, Zn, and P0 4 ) 
dissolves while the Z r group (Zr, In, Ti) together 
with Co, Ni, Zn, and the rare earths remain 
behind. 

The filtrate from the basic acetate separation 
is made alkaline with ammonia, boiled, and 
saturated with H 2 S. Any precipitate indicates 
Be, Cr, or rare earths as hydroxides or Mn, 
Zr, Co, Ni, or U as sulphides. It is dissolved in 
HNO a , evaporated, and treated with NaOH-f- 
NfloOo as above. The Ni and rare earth 
groups are precipitated, while any aluminium 
group metals are dissolved and the filtrate 
containing them is added to that previously 
obtained. 

Section 1 1 . Aluminium Group. — The com- 
bined filtrates from the sodium peroxide treat- 
ments in the previous section are acidified 
with nitric acid in the cold, diluted, neutralised 
with solid NaHCO a and 1-5 g. excess is then 


Section 12. Nickel Group. — This group, 
isolated ns given in Section 10 and possibly 
containing rare earth elements, is analysed as 
indicated in Table 6. 

Section 13. Zirconium Group. — The first 
peroxide precipitate in Section 10 may, in 
addition to In, Zr, and Ti, also contain rare 
earths and minor quantities ofZn, Co, and Ni. 
To it is added any rare earth precipitate from 
the nickel group and the whole dissolved in 
HCI nnd the solution evaporated near]}' to 
dryness. To the residue is added 2 c.c. H„0, 
1-2 c.c. of 27A-HF nnd 1 c.c. of 6A T -HCI, and 
the mixture warmed on the water bath, the 
precipitated rare earth nnd indium fluorides 
Von. II, — 30 
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added together with a little H 2 0 2 . The mix- 
ture, in a closed bottle, is heated in a -water bath 
when Al, Zn, and Be are precipitated. A 
little U may be carried down, while if much U 
and V are present then uranyl vanadate will be 
deposited also. The precipitate is dissolved in 
6N-HCI, 1£ volumes of ether added, ai.d the 
solution saturated with HCI gas. White 
crystalline precipitate= AICI 3 - 6H 2 0, which 
must be confirmed. The filtrate is evaporated 
and the residue dissolved in a little water; 
addition of ammonia now causes the deposition 
of Be and U as hydroxide and diuranate 
respectively, while Zn is tested for in the 
solution. Beryllium is separated from uranium 
by evaporating the precipitate with acetic acid 
and extracting basic beryllium acetate with 
chloroform. Uranium is sought for in the 
aqueous liquor. 

The filtrate from the carbonate-peroxide 
procedure may contain sodium chromate, 
vanadate, tungstate, phosphate, and uranyl 
vanadate, and is examined according to Table 5. 


being then removed and examined by Section 
14. 

Indium is also found in the filtrate and, 
together with any Ni, Co, and Zn, is removed 
by nearly neutralising and then passing in 
H 2 S. Indium is confirmed by dissolving the 
sulphide in HCI, precipitating In(OH) 3 with 
excess ammonia, dissolving this in HCI, and 
again depositing the yellow In 2 S 3 . Zn, Co, 
and N i are not tested for. 

The fluoride filtrato containing Zr and Ti 
is fumed with H 2 S0 4 , diluted, H„0 2 added, nnd 
any residue is removed. An orange solution 
indicates Ti. To this is added 1A T - Na,H P0 4 — 
white precipitate after standings Zr. If now 


Table 5. 


Add HN0 3 and Pb(N0 3 ) 2 . 

Precipitate : 

Yellow, 

PbCr0 4 . 

Confirm 

Chromium. 

Filtrate: U0 2 (N0 3 ) 2 , H 3 V0 4 , H 3 P0 4 (W0 3 ) 12 , Pb(N0 3 ) 2 . Remove 
Pb with H 2 S and oxidise solution with Br 2 . Neutralise and add CHyCOOH 
and Na 2 HPQ 4 . 

Precipitate : 

U0 2 (NH 4 )P0 4 . 

Dissolve in HCI, 
evaporate and add 
K 4 Fe(CN) c . 

Filtrate: H 3 V0 4 , H 3 P0 4 (W0 3 ) 22 . Add 

ammonia, saturate with H 2 S. Pink or violet-red 
solution denotes vanadium. Acidify with nitric 
acid. 


Precipitate : 
Dark coloured, V 2 S 4 
or V 2 S 5 . 

Confirm vanadium. 

Filtrate : 
H 3 P0 4 (W0 3 ) 12 . 

Remove P0 4 with Mg(N0 3 ) 2 
andNH 4 OH. Concentrate^ 
add dil. HN0 3 and boil. 


Precipitate or 
Colour : 

Dark red, 

K 2 (UQ 2 )Fe(CN) 6 . 




Precipitate : 

Yellow HjWOj. 

Confirm Tungsten. 
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Table G. 


Dissolve in HC 

• replace chlorides by nitrates and heat with HNO s and KCIOj. 

Precipitate: 
Black MnO,. 

Filtrate: Nitrates of Zn, Co, Ni, and Bare Earths. Add NH,OH until 
alkaline, acidify with CH 3 COOH and add 10 c c. of SA-CHj-COjNHj 
P ass in H t S. 

ganese. 

Precipitate : 

ZnS, CoS, NiS. Treat with cold LV-HCt. 

Filtrate : 
Rare earths. 


Solution- ZnClj and little CoCl 2 and 
NiCl a . Add NaOH and Na 2 O r 

Residue : 

CoS. 

Expel HjS, 
add NH,OH. 
filter and 

reject filtrate. 


Filtrate : 
NaHZnO.. 

Precipitate : 
Co(OH) 2 ,Ni(OH) 2 


Precipitate . 
Rare earth 

hydroxides. 



Dissolve m HCI and KC10 3 . 

Add to Zir- 
conium grou p 



Solution. Evaporate, add CH S COOH 
and KNOj 

PREcmTATE=jellow K 3 Co(N0 2 ) 8 Test 
for nickel in Filtrate with dmiethjl- 
glyoxime. 



the orange filtrate is decolorised with Na 2 SO Jt these fluondes with HF and NH 4 F (HF+ 
then, on standing, a white precipitate of NH,OH), soluble NH 4 ScF 4 being formed and 
TI(HP0 4 ) 2 is formed confirmed in the filtrate. The residual salts are 

Section 14. Bare Earth Group. — As mdi- converted through the sulphates and hjdioxxlM 
cated above, this group n isolated as the fluorides to acetates, after which indium is separated as 
together with those of scandium, thorium, and ln 2 S 3 Further analysis is earned out according 
indium. Scandium is first removed by heating to Table 7. 


Evaporate the filtrate, convert to nitrates and heat on steam batli with HNO. and poudeicd 
KCIOj Add KIO a solution, cool, and ftltei. 

Precipitate. Th(IOj)*, 

Ce(lOj),. Heat with 

H 2 O z and HNO a on steam 
bath ; add K 1 O s . Cool and 

Filtrate- Rare earth lodatcs. Add N H,OH, filter, 
and dissolve precipitate in HCI. Evaporate and add 

3 c c. of 00% K 2 C0 3 . 

niter. 




Residue 

Th{IOj),. 

Evaporate 

Ron TION . 
Ce(l0 3 ) 3 . 
Add NH,OH 
and H 2 0 2 . 

Lanthanum sub- 
group. Also little 
of Yttrium sub 
group 

some Nd. Sm, Eu. Boil with HCI, 
add NH,OH and filter. Dissolve 
precipitate in HCI, ev aporate. Add 
HCOOH (1)0%) and HCOONH 4 . 

and add 





Precipitate . 



Precipitate : 
White, 

Orange, 

CeOj-HjOj. 


to La sub- group, 

group. 



For further anal} sis o 

' these groups, eee original treatise (p 
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Section 15. The Alkaline Earth Group. — residue with 3A 7 -NH 4 CI. The final product is 
The filtrate after the separation of the nickel dissolved in water, filtered if necessary, and the 
and rare earth groups by means of NH,OH and alkaline earth metals precipitated with 6 jV- 
(NH 4 ),S (see Section 10) contains the alkaline (NH 4 ) 2 C0 3 and an equal volume of alcohol, 
earth and alkali groups together with ammonium The carbonates of Ba, Sr, Ca, and Mg are 
salts added during the analysis. The latter are filtered after £ hour and examined according to 
removed by evaporation and gentle ignition, this Table 8. 
operation being repeated after moistening the 

Table 8. 

Dissolve in CHyCOOH ; concentrate, dilute, and add CH 3 'C0 2 -NH 4 and K 2 Cr0 4 . 


Precipitate: Filtrate: Add NH 4 OH, .warm, and add 15 c.c. EtOH. 

BaCr0 4 . 

Confirm 

Barium. Precipitate: SrCr0 4 , CaCr0 4 . Filtrate: Ca and Mg salts. Add K 
Boil with NH 4 carbonate and K oxalate. 

oxalate. 

Precipitate : Filtrate : 

Residue: SrC0 3 , CaC 2 0 4 . CaC 2 0 4 , (MgC 2 0 4 ). Mg salts. 

Treat with CHyCOOH. Treat with H 2 S0 4 . 

Add 

Na 2 HP0 4 

Solution : Residue : Solution : and 

Sr acetate. Add CaC 2 0 4 . CaS0 4 , (MgSO„). NH 4 OH. 
Na 2 S0 4 . Add EtOH. 

' Precipitate: 

Precipitate: Precipitate: Mg(NH 4 )P0 4 J 

SrSO.,. CaS0 4 . 


Section 16. The Alkali Group.— The fil- 
trate remaining after the removal of the preced- 
ing group is evaporated, ignited to volatilise 
ammonium salts, and the residue dissolved in 
water. This solution is now treated with lead 
nitrate to convert any sulphates to nitrates and, 
after filtering, any excess of Pb is precipitated 
with H 2 S. The filtrate containing only alkali 
nitrates or chlorides is cautiously evaporated to 
fuming with 1-5 c.c. of 9 jV-HCI 0 4 , copied, 
and rinsed into a flask with a volume of alcohol 
equal to four times that of the HCI0 4 used 
above. The flask is stoppered, shaken occa- 
sionally during 15 minutes, and the precipitated 
perchlorates of K, Rb, or Cs filtered off. In the 
filtrate sodium is separated from lithium by 
saturating with HCI gas and the precipitated 
N aC I is confirmed as the triple sodium magnesium 
uvanyl acetate. Tho filtrate after the removal of 
NaCI is at once diluted with one-quarter to one- 
third its volume of water and cautiously heated 
on a steam-bath until the volume is equal to 
that of tho perchloric acid originally added. The 
liquor is cooled and cone. HN0 3 is cautiously 
added drop by drop until action ceases, after 
which a further 1 c.c. is dropped in. The solution 
is again cautiously heated on tho bath for £ hour 
when an additional 4 c.c. of HN0 3 is added. 
Heating is now carefully continued on a gauze 
until perchloric acid is expelled and the residue 
is gently ignited. 3 e.c. of 95% alcohol and 2 
drops of NH,OH (D = -880) are added, any 
rcsiduo filtered off, and the warmed filtrate is 


treated with 2 drops of £A T -Na 2 HP0 4 . White 
precipitate after shaking™ Li 3 P0 4 . 

Note . — The removal of perchloric acid must 
' be carried out as given above and the operator 
should be protected from any risks of explosion. 

For the further analysis of the precipitated 
perchlorates of K, Rb, and Cs, it is necessary 
to obtain these as nitrites and this is accom- 
plished by converting into the cobaltinitrites 
by digesting with Na 3 Co(CN) 6 anda little acetic 
acid saturated with NaNO„. The residue is 
transferred to a basin, moistened with OiV- 
NaN0 2 , evaporated, and gently ignited until 
effervescence ceases. The resulting nitrites are 
taken up in water, filtered from cobalt oxides, 
and the filtrate examined by Table 9 p. 564. 

Examination for Acids. 

Although it is not practicable to separate 
acidic radicals into a limited number of groups 
each with its appropriate group reagent, yet the 
analytical reactions for these radicals may bo 
divided into (i) preliminary tests made on the 
original solution or materia'l, and (ii) systematic 
tests applied to suitably prepared solutions. 
These reactions may be conveniently performed 
in the following order : 

I. Preliminary Tests (compare dry re- 
actions). 

1. Original substance or solution is warmed 
with dilute hydrochloric or sulphuric acid. A 
gas is evolved, carbon dioxide turning lime water 
milky=carioHfl/ci ; sulphur dioxide— sulphites ; 
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Table 9. 


Solution of KNO,. RbNO t . CsNO t (with NaNO t ). Make acid with CH s -COOH, filter if 
necessary, and add Bl(NO a ) 3 (saturated solution in C.Y-CH s -COOH). 

Filtrates 
KNOj(NaNOj). 
Add Co(NOj) t . 

Precipitate : Yellow RbjNaBifNOj),. CSjNaBIfNOjJj. Dissolve 
in HCI and add SbCl a . 

Precipitate : 
3CsCI-2SbCl a . 

Filtrate: RbCI, CsCI, (BiCl a , SbCl a ). Remove 
Bi and Sb with H a S. Filter. 

Precipitate : 
Yellow, 

KjNaCoCNOj),. 

Filtrate: RbCI, CsCI. Evaporate and add NaH 
tartrate. 

Precipitate • 
RbH Tartrate. 

Filtrate: CsCI. Confirm with 
silicotungstic acid. 

White precipitate, Cs Silieo- 

tungstate. 


hydrogen sulphide, blackening lead acetate 
papcr=» sulphides (not all); nitrous fumes=> 
nitrites ; hydrogen cyanide, odour of bitter 
almonds = cyanides ; chlonne oxides-cAiontes. 

2. Original substance or solution warmed 
slowly with strong solution of sodium diehromate 
slightly acidified, carbon dioxide evolved con- 
confirms carbonate in presence of sulphite. 

3 Addition of cold concentrated eulphuncacid, 
carbon monoxide evolved, bluo flame«=/ormate. 

4. Heating with concentrated sulphuric acid 
The foregoing gases (1,2, and 3) may be evolved 
and also the following : 

(а) Colourless Gases. — Fuming acid gas 
etching glass=/Juoride ; fuming acid gas 
not etchings eklbride; odour of vinegar** 
acetate; carbon monoxide, blue flame= 
formate, ftrrocyamdt ; carbon monoxide 
and dioxide = oxalate ; sulphur dioxide and 
sulphur Bubhmate=tAip«/ipAote. 

(б) Coloured Gases. — Orange vapour, bro- 
mine, and sulphur dioxide^hrorntde; 
violet vapour and sulphur dioxide= iodide ; 
nitrous fumes =n Write, nitrate; oxides of 
carbon and sulphur with charring— tartrate, 
citrate, malalt; yellow explosive chlorine 
oxide= Morale. 

5. Heating with alcohol and concentrated 
sulphuric acid — green flame= borate. Before 
performing this teat, chlorates must be decom- 
posed by igniting the original substance m order 
to avoid an explosion. 

C. Heating with concentrated sulphuric acid 
and sand — a colourless gas (SIF a ), giving a 
gelatinous precipitate on moistened rod confirms 
fluoride. 

II. Systematic Tests. — Before testing a solu- 
tion for acids, boil with excess of pure sodium 
carbonate to remove most of the heavy metals 
(uranium, thorium, and certain of the other rare 
earth metals are not precipitated at this stage). 
The filtration from the carbonate precipitate is 
neutralised with nitric acid. 


1. Barium chloride in neutral solution yields 

(a) a white precipitate insoluble m hydro- 
chloric acid= sulphate, siltcofluoride ; (6) a 

white precipitate soluble in hydrochloric acid** 
sulphite, phosphate, oxalate, borate, fluoride, 
silicate, tartrate , (c) yellow precipitate soluble 
in hydrochloric acid =chromate 

2. Calcium chloride added in excess to the 
neutral solution causes gradual deposition of a 
white precipitate, (a) insoluble in acetic acid** 
oxalate ( sulphate in strong solutions) ; (A) soluble 
in acetic acid=pAospAa(e, borate, and other 
acidic radicals precipitated by barium chloride. 
Calcium tartrate, when washed, becomes solubte 
in caustic potash, but is rcprecipitated on 
dduting and boiling. Filtrate from the fore- 
going precipitate in the cold is boiled for some 
time, a white precipitate=cifrate ( malale in 
Btrong solutions). The solution filtered hot 
from this precipitate is cooled and mixed with 
excess of alcohol, a white precipitate= succinate, 
mahxle. 

3. Silier nitrate m neutral solution yields : 

(а) A precipitate soluble in nitnc acid — 

(1) White=oralate (somewhat sparingly sol- 
uble in rntnc acid); borate (formed only 
in strong solution; AgjBOj+3HjO= 
H,0O 3 + 3AgOH); tartrate , benzoate, and 
many other organic carboxylic acids to bo 
identified by special tests. 

(2) YeMow— phosphate, arsenile. 

(3) Brick-red =arsenate. 

(4) Dark red= chromate. 

( б ) A precipitate insoluble in nitric acid. 
Soluble in ammonia : white=eWoritf« (hypo- 
chlonte), cyanide, thiocyanate ; yellowisb- 
white= bromide ; orange-red=/cmcyamd«; white 
=fenocyamde (sparingly soluble). Insoluble in 
ammonia: 3 elIow= iodide; blach= sulphide. 

4. ferric chloride in neutral solution yields— 

(a) Acoloration- deep red, giving a precipitate on 

boding** acetate, formate ; blood red.no precipitate 
on roiling = thiocyanate. Violet *= salicylate. 
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thiosulphate (fugitive) ; bluish-black— lannaie, 
gallale. Greenish-brown =ferricyanide (dark 
blue precipitate on adding stannous chloride). 

(6) A precipitate: hu&=benzoate, carbonate ; 
reddish-brown= succinate ; white ^phosphate ; 
black= sulp/n'de; bluish or greenish black= 
tannate, gallale. 

Sulphur Acids. — (1) Detect sulphate by 
barium chloride and sulphide by lead acetate. 
Make a portion of the solution slightly alkaline 
with caustic potash or soda, add zinc sulphate 
in large excess, and filter. Test one part of 
filtrate for thiosulphate by hydrochloric acid 
(S0 2 evolved and sulphur deposited) or tran- 
sitory violet coloration with ferric chloride; 
to the other part add, successively, acetic acid 
till faintly acid, sodium nitroprusside in small 
amount, and potassium ferrocyanide : a pink 
precipitate indicates a sulphite. (2) Separation 
of soluble sulphates, sulphites, thiosulphates, 
and sulphides in neutral solution. Precipitate 
sulphide as CdS, PbS, or ZnS by adding 
cadmium carbonate or lead carbonate sludge or 
zinc chloride solution (yellow, brownish-black, 
or white precipitate). To filtrate add strontium 
nitrate and leave for 12 hours ; the co-precipi- 
tated strontium sulphate and sulphite are 
separated by hydrochloric acid, the latter 
dissolving with evolution of sulphur dioxide. 
The filtrate from the two strontium precipitates 
contains thiosulphate, which on decomposition 
with strong hydrochloric acid evolves sulphur 
dioxide and deposits sulphur. 

Chloride, Bromide, and Iodide. — (1) Place 
mixture in a small distilling flask connected with 
a bulbed V-tube containing starch paste and 
surrounded by cold water. Add water and 
ferric sulphate solution (ferric alum) to the flask 
and heat to boiling. In presence of iodide the 
starch paste becomes blue. This process is con- 
tinued till all iodine is expelled, then add a little 
solid permanganate, connect with V-tube 
containing chloroform or carbon tetrachloride, 
and boil again. In presence of a bromide the 
organic solvent becomes brown. Repeat' the 
treatment with permanganate until all bromine 
is expelled. Filter the residue and test filtrate 
for chloride. (2) After iodide lias been detected 
by sodium nitrite in acidified solution 

(2HI+2HN0 2 =2H 2 0+2N0+ l 2 ) 

a portion of tho solution is evaporated to dryness 
with sodium carbonate and fused with ten times 
its woight of potassium dichromate until the 
iodino is completely expelled. The residue is 
then distilled "with strong sulphuric acid from a 
small retort. Part of the distillate is shaken 
with chloroform or carbon disulphido when tho 
organic solvent becomes brown in presence of 
bromine (bromide). The remainder of the 
distillate is neutralised with ammonia and 
testo'd for chromate by acidifying with acetic 
acid and adding lead acetate. The presence of 
chromate in tho neutralised distillate is due to 
n volatile chromium compound (Cr0 2 CI 2 ), 
which in turn indicates chloride in the original 
solution. 

(3) A noutral solution of the three halides is 
treated with potassium iodate and dilute acetic 
acid: ns iodine is liberated (5HI-}-HI0 3 
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= 3I 2 +3H 2 0) more iodate is added and the 
solution boiled till all iodino is removed. The 
solution is then mixed with half its volume of 
5iV-nitric acid, bromine is evolved, and the solu- 
tion boiled till colourless. A little potassium 
iodide is added to destroy any excess of iodate ; 
the solution again boiled till colourless when an 
equal volume of strong nitric acid and a few 
drops of sodium nitrite are added successively 
with further boiling. A white precipitate on 
addition of silver nitrate indicates a chloride. 
If thiocyanic acid is present the test for iodide 
must be made in a small portion of the original 
solution, adding sodium acetate as well as 
acetic acid to depress the dissociation of the 
latter. 

Other acid radicals must be detected by special 
tests. Iodides, ferrocyanides, and ferri- 
cyanides must be removed before testing for 
nitrates. For this purpose the original substance 
js treated with excess of a mixture of cupric 
and ferrous sulphates. Excess of copper and 
iron is removed from the filtrate by boiling and 
adding slight excess of pure caustic soda when 
the nitrate tests may be applied to the final 
filtrates. 

To remove bromine and iodine tho original 
substance is acidified with dilute sulphuric acid 
and boiled with potassium permanganate until 
the liquid retains a faint pink tinge; the 
filtrate may then be examined for nitrate or 
chloride. 

Hypochlorites and nitrites are destroyed by 
boiling with dilute sulphuric acid. The latter 
salts may also be decomposed by boiling with 
strong aqueous ammonium chloride : 

NaN0 2 +NH 4 CI=NaCI+2H 2 0dN 2 

SPECIAL REACTIONS. 

Whereas the analytical ideal' of one specific 
test for each element is far from being realised, 
yet the continued discovery of new . and 
increasingly sensitive reagents, especially 
organic ones, has brought much nearer 
the possibility of attaining such a goal. Tho 
reactions given below are only a selection of the 
most characteristic, and additional tests may be 
found in the section devoted to micro-analysis. 
Tho elements have been arranged according to 
the groups of the periodic classification. 

Lithium. — Ammonium fluoride, white pre- 
cipitate (LiF), more complete in presence of 
ammonia or alcohol. Sodium phosphate, white 
precipitate (Li 3 P0 4 ) soluble in hydrochloric 
acid and reprecipitated by ammonia on boiling. 
Sodium arsenate in ammoniacal-alcoholic solu- 
tion, pale pink precipitate, Li 3 As0 4 (Gaspar y 
Amal, Ann. Chim. Analyt. 1933 fii], 15, 193). 
Lithium chloride, unlike other alkali chlorides, 
is soluble in many organic media such as n- 
and iso-butyl alcohols, amyl alcohol, and di- 
ethylene dioxide (dioxan). Lithium (and 
sodium) perchlorate is soluble in alcohol or a 
mixture (1:1) of ethyl acetate and n-butyl 
alcohol (Moser and Schutt, Monatsh. 1929, 51, 
23; Brown and Reedy, Ind. Eng. Chem. 
(Anal.), 1930, 2, 304 ; Sinka, Z. anal. Chem. 1930, 
80, 430; Yagoda, J. Amer. Chem. Soc. 1932, 54, 
984). 
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Sodium. — The moat satisfactory method for 
detecting sodium, or. indeed, any alkali metal, is 
spectroscopically. All sodium salts are more or 
less soluble and precipitation methods pre- 
suppose a considerable concentration of the 
element. The most delicate reagent is zinc, 
magnesium, or nickel vranyl acetate, the zinc 
triple salt is obtained as a yellow precipitate 
with excess of reagent {NaZn[(UOj),(OAc),]} 
(Kolthoff and others. I927-I93G), Bismuth 
nitrate in 50% potassium nitrite, containing 
caesium nitrite, yellow crystalline precipitate 
(GBifNOtJj.QCsNOj.BNaNOj). Potassium 
pyroantnnonate and dihydroxytcirtanc acid gi\e 
colourless precipitates of Na,H.Sb 1 0 7 .6H 1 0 
and NajCjHjOg respectively. 

Potassium. — Platmichlonc acid, yellow cry- 
stalline precipitate (K,PtC!,) more compete in 
the presence of alcohol. Sodium cobalt inilrite in 
acetic acid, yellow precipitate 

{R s lCo(NO t ),]. where R=Na+K); 
ammonia gives a similar precipitate. Per 
chloric acid, white crystalline precipitate. 
Coball nitrate in 80% methyl alcohol and sodium 
thiosulphate (38% aqueous solution), blue 
precipitate in neutral solutions (Cebi, Anal. 
Parra. Bioqutin, 1933, 4, 55) Sodium G chloro- 
5 nitratoluene-2'Sulphonate •, sodium ] ammo-P 
naphthol-G-sulphonate (ukonogen), lolaonic 
acid and sodium pierate give characteristic 
precipitates with potassium. 

Rubidium. — platmichlonc ocirf, yellow cry 
stalhne precipitate (K, Cs, and N H, interfere) 
Perchloric acid, white crystalline precipitate, 
sodium cobalti nitrite, yellow precipitate. Palla 
dous chloride and auric chloride in dilute hydro 
chloric acid, brown precipitate (Rb,AuPdCI,) 
(Tananaev, Z. anal. Chem. 1932, 88, 343) 
Potassium bismuth iodide (KBil ( ), no precipi 
tate (distinction from Cs and Tl). 

Caesium. — Caesium behaves like rubidium 
and potassium towards platinichloric acid, 
perchloric acid, sodium cobalhnitrite. Potassium 
bismuth iodide, brown precipitate Silicotiingstic 
acid in G.Y-hydrochlonc acid, white precipitate, 
Cs^SiO^WOjfjjJ (distinction from RbJ. 
Auric bromide and plattnie bromide, black 
precipitate (Rb interferes only in concentra- 
tions greater than 2%) (Burkser and Kutsch- 
ment, J Appl. Chem. Russ , 193G. 9, 143) 
Stannic chloride in hydrochloric acid, white 
precipitate, Cs x [SnCI 4 ] , antimonious chloride m 
hy drorhlonc acid, white precipitate, CSj[SbCI,J 

Alone of alkali carbonates, cirsium carbonate, 
Cs t COj, is soluble in absolute ethyl alcohol, | 
but in presence of Rb 2 COj, a mixture of the two ; 
carbonates passes into solution. 

Copper. — Cupric salts. Hydrogen sulphide, 
black precipitate almost insoluble in dilute 
sulphuric acid or ammonium sulphide; soluble 
in nitric acid or potassium cyanide. Ammonia, 
blue precipitate, soluble in excess reagent to 
deep-blue solution. Potassium ferrocyamde, 
chocolate-brown precipitate, insoluble in dilute 
acids. Potassium iodide, w hit ish- brown pre- 
cipitate (Cu t l z +I«). Pyridme-f ammonium 
lAiacyai.afc, blue complex [Cu(C s N H s )j{SCN)jl 
soluble in chloroform (Spacu’s reaction). Benzi- 
dine or tolidine gives similar precipitates. 


Gallic arid+ammontum thiocyanate, colourless 
turbidity or pmipitatc. (Ag, Pb. Bi interfere.) 
Similar results are obtained using tannic acid, 
catechol, or quinol (Spacu, Z. anal. Chem. 1925, 
67, 31; Fleming, Analyst, 1924, 49, 275; 
Faleiol i. Giom. Chim. Appl 1921, 3, 354). 
Benzoin monotone (m alcoholic solution) and 
in presence of tartaric acid, sap green pre- 
cipitate. Tlus is said to be specific for copper 
(Feigi, Osterr. Chem. Ztg.. 1923, 26, 75). 
Buleanic acid in alcoholic solution, black pre- 
cipitate. Tlus test is sensitive to 1 in 21 millions, 
but nickel and cobalt interfere (Pr. Ray and 
R. XI. Ray, J. Ind. Chem. Soc. 1926. 3. 1 18). 

Cuprous Salts. — The cuprous halides are 
sparingly soluble in water, but dissolve in con- 
centrated hydrochloric acid Sodium hydroxide, 
yellow precipitate, becoming red on boiling 
(CtijO) potassium ferrocyamde, white pre- 
cipitate becoming brownish red on exposure to 
air. p-DiniethylaminobeHzalrhodanine (saturated 
alcoholic solution), red precipitate or colour 
(silver and mercury interfere) (I'unakoshi.Mtm. 
Coll Su Kyoto, 1929, 12, 153). 

Silver. — Hydrochloric acid, white precipitate 
insoluble in nitric acid, soluble in ammonia, 
|totassiutn cyanide, or sodium thiosulphate. 
Silver bromide and iodide show a decreasing 
solubility m ammonia. Potassium chromate, 
dark red precipitate (Ag t CrOj), soluble in 
mineral acids and decomposed by caustic alkalis, 
p Di methylam i nobenzalrhoda nine, red precipi 
tate in neutral or slightly acid solutions (halogens 
Hg and Cu interfere , gold gives a colour, but 
not in the presence of potassium cyanide) 
l-S-Dihydroxynaphthalene 3 G disulphomc acid 
(chromotrope acid), black precipitate (iron 
gives intense green colour, but this disappears in 
acid solution). 

Gold. — Auric chloride may be extracted from 
solutions containing slight excess of hydro- 
chloric acid with ethyl acetate; any mercuric 
chloride y hich may abo be extracted is removed 
by shaking with 3.Y -ammonium chloride 
Hydrogen sulphide, black precipitate (AujSj) 
from cold solution, soluble in ammonium 
sulphide ; from hot solutions the metal is pre-. 
cipitated. Seducing agents, brown or purplish 
precipitates of the metal. Hydrogen peroxide 
in very dilute alkaline solution! the liberated 
gold has a beautiful blue shimmer. 

Beryllium. — Ammonia or alkali hydroxides, 
white precipitate [Be(OH) z ], soluble in excess 
of alkali hy droxide but reprecipitated on boiling. 
tthylamme, same white precipitate, insoluble in 
excess of reagent (difference from aluminium). 
Ammonium sulphide also precipitates the 
hydroxide. Unlike aluminium hydroxide, 
beryllium hydroxide is insoluble in boding 
sodium bicarbonate. Qumahtann in alkaline 
solution, the violet colour of the reagent becomes 
blue; magnesium gives a similar blue lake 
discharged, however, by bromine water (Fischer, 
Z. anal. Chem. 1928, 73, 54) 

Beryllium may l>e separated from many metals 
by precipitating the latter with tannin under 
slightly acid conditions (solution buffered with 
ammonium acetate) ; beryllium w only pre- 
cipitated in neutral solution (Moser and Singer. 
Xlonatsh 1927, 48, G73). 
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Another separation is based on the solubility 
of the basic acetate, Be0,3Be(C 2 H 3 0 2 ) 2 , in 
dry chloroform. p- Nilrobcnzeneazoorcinol 
(0 025% solution in NaOH), orange-red colour. 
Zinc, nickel, cobalt, copper, cadmium, and silver 
interfere, but not in the presence of potassium 
cyanide. Magnesium gives a brownish-yellow 
colour (Komarovsky and Polucktov, Mikrochem. 
1934, 14, 315). 

Magnesium. — Ammonia, white precipitate, 
Mg(OH) 2 ; no precipitate if sufficient 
ammonium chloride is present. Sodium 
phosphate, ammonia, and ammonium chloride, 
white precipitate becoming crystalline, 

Mg(NH 4 )P0 4 ,6H 2 0; 

the precipitate appears only slowly from dilute 
solutions. Sodium liypoiodite in neutral solution, 
red-brown precipitato(AI and excess ammonium 
salts interfere). Quinalizarin (0-01% alcoholic 
solution) added to the test solution followed by 
sodium hydroxide gives a blue precipitate 
stable after acidifying with hydrochloric acid 
(Be and Al interfere ; tartaric acid prevents the 
interference of Al). Titan yellow (0-1% solu- 
tion), colour changed from orange to red by 
magnesium hydroxide (Al, Sn, and Bi interfere). 

Calcium. — Ammonium carbonate, white pre- 
cipitate (CaC0 3 ), soluble in acids. Sulphuric 
acid, white precipitate, CaS0 4 , from strong solu- 
tions, solubleinammoniacal ammonium sulphate. 
Ammonium oxalate, white precipitate (CaC 2 0 4 ); 
insolublo in oxalic or acetic acid, soluble in 
hydrochloric acid. Sodium salt of the osazone 
of dihydroxylarlaric acid, white precipitate. 
This test is sufficiently delicate to detect 
calcium in slightly hard waters such as 1 part of 
London tap water in 80 parts of distilled water. 
In such cases the test is best made on a blackened 
watch glass or spotting tile and using a crystal 
of the solid osazone. Ammonium ferrocyanidc, 
white crystalline precipitate, 

Ca(NH 4 ) 2 [Fe(CN) 6 'J. 

Potassium ferrocyanidc also gives a precipitate, 
Ca 2 [Fe(CN) 6 ]. 

Strontium. — Ammonium carbonate, white 
precipitate (SrCO a ) soluble in acids. Sulphuric 
acid or soluble sulphates, SrS0 4 , white precipi- 
tate, forming slowly in the cold, more quickly on 
heating ; the precipitate is insoluble in ainmonia- 
cal ammonium sulphate. Potassium chromate, 
yellow precipitate, SrCr0 4 , only in concen- 
trated solutions. Ammonium oxalate, white 
precipitate (SrC 2 0 4 ), insoluble in acetic acid, 
soluble in hydrochlorio acid. 

Barium. — Ammonium carbonate, white pre- 
cipitato (BaC0 3 ), soluble in dilute hydro- 
chloric acid. Sulphuric acid or soluble sulphates, 
immediate white precipitate (BaS0 4 ) insoluble 
in ammoniacal ammonium sulphate. Potassium 
chromate, yellow precipitate (BaCr0 4 ), 
insoluble in acetic acid (distinction from Sr). 
Ammonium oxalate, white precipitate, BaC 2 0 4 , 
nearly insoluble in cold acetic acid, soluble in 
hydrochloric acid. Tctrahydroxybcnzoqmnone 
(hot saturated aqueous solution), deep rod pre- 
cipitate insoluble in dilute hydrochloric acid. 
(Lead gives a precipitate soluble in acetic acid ; 
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strontium gives a brown colour bleached by 
dilute hydrochloric acid). 

- Zinc. — Ammonium sulphide, white precipi- 
tate (ZnS), insoluble in acetic acid or alkalis, 
soluble in dilute mineral acids. Alkali hydroxide 
or ammonia, white precipitate, soluble in excess 
of reagent. Potassium ferrocyanide, white 
precipitate, Zn 3 K 2 [Fe(CN) 6 j 2 , insoluble in 
dilute acetic acid. Potassium ferricyanide, 
orange precipitate, soluble in dilute hydrochloric 
acid or ammonia. This test is more distinctive 
in presence of certain aromatic amines, such as 
diphenylamine or dicthylanilinc (Cono and 
Cady, J. Amer. Chem. Soc. 1927, 49, 2214). 
Diphcnyllhiocarbazone (Dithizone) (0'002% solu- 
tion in carbon tetrachloride), a slightly acid, 
sodium acetate buffered, solution of zinc salt 
when shaken with this reagent converts the 
original green colour to purple-red. Ni, Co, 
and Cd do not interfere under these conditions, 
but Cu, Hg, Ag, Au, Pd, and Sn- should bo 
removed (Fischer and Leopoldi, Z. anal. Chem. 
1934, 97, 385). Borncolglycuranic acid, a 
reagent prepared from the urine of dogs fed 
with borneol, is said to ho specific for zinc in 
absence of cadmium ; a white precipitate 
(C lc H 25 0 7 ) 2 Zn,2H„O is obtained (Quick, 
Ind. Eng. Chem. Anal. 1933, 5, 26). 

Cadmium. — Hydrogen sulphide, yellow pre- 
cipitate, insoluble in alkali or ammonium 
sulphides and potassium cyanide ; soluble in 
hot dilute mineral acids. Caustic alkalis or 
ammonia, white precipitate, Cd(OH) 2 , soluble 
in excess of ammonia. Diphenylcarbazide 
(saturated solution in 90% alcohol) in neutral 
solution, blue-violet colour on adding'ammonia ; 
tho interfering action of copper is prevented by 
adding potassium thiocyanate and potassium 
iodide (Feigl, Z. anal. Chem. 1923, 62, 369). 
Thiosinamine in presence of sodium hydroxide, 
yellow precipitate on heating (Gutzeit, Helv. 
Chini. Acta, 1929, 12, 713). 

Mercury. Mercurous Salts. — Soluble 
chlorides, white precipitate (Hg 2 CI 2 ), in- 
soluble in most non-oxidising solvents ; blackened 
with ammonia; alkali hydroxides, black pre- 
cipitate. Potassium iodide, greenish-yellow 
precipitate (Hg 2 l 2 ), soluble in excess with 
separation of mercury. Stannous chloride, grey 
precipitate (Hg). Diphenylcarbazide (1% 
alcoholic solution) to faintly acid test solution 
(Pn about 3-8) — blue-violet colour soluble in 
chloroform or benzene. 

Mercuric Salts. — Hydrogen sulphide, 
whitish-yellow precipitate, rapidly becoming 
red and then black (HgS); insoluble in am- 
monium sulphide or nitric acid, soluble in sodium 
sulphide (Na 2 HgS 2 ) or aqua regia. Alkali 
hydroxides, in excess, yellow precipitate. 
Potassium iodide, scarlet precipitate, soluble in 
excess. Stannous chloride, white precipitate 
rapidly turning grey with excess. This test 
is more distinctive in the presence of aniline 
(Tananaev, Z. anorg. Chem. 1924, 133, 372). 
Diphenylcarbazide, as for mercurous, but colour 
is insoluble in benzene. 

Boron. Borates. — Silver nitrate, white 
precipitate (AgB0 2 ) from moderately con- 
centrated solutions, soluble in nitric acid 
or ammonia ; in dilute solutions or on warming 
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brown silver oxide is formed. Alcohol and 
strong sulphuric acid, green edged flame on 
burning the alcohol; methyl alcohol is more 
sensitive than ethanol (copper and barium 
interfere). Turmeric paper dipped into a 
eolation of borate acidified with dilute hydro 
chloric acid and dried, orange to red colour 
becoming blue black with alkalis. 

Perborates. — Tests for perborates resemble 
those for hydrogen peroxide, a yellow colour 
is formed with titanium trichloride, while 
arjueous chrome alum gives blue perchromic 
acid soluble in ether. 

Aluminium. — Ammonia, white gelatinous 
precipitate, AI(OH) s ; allah hylroxides give 
the same precipitate soluble in exec's of the 
reagent but reprecipitated by ammonium 
chloride. Soluble sulphides and carbonates 
nlso form the hydroxide with liberation of 
hydrogen sulphide and carbon dioxide respec 
lively. Aluminon (aunntnearboxy he acid), 
red lake w ith dilute acetic acid test solution , 
colour due to excess of reagent is minimised 
by adding ammonia and ammonium carbonate. 
(Fe and reducing agents interfere ) Mortn 
(tetrahydroxy-flavanol), a saturated solution 
of the dy c yields a green fluorescence with dilute, 
neutral, or acetate-buffered solutions containing 
aluminium (Eegriwe, Z anal Chem 192D, 76, 
440). 

Gallium. — Ammonia or alkali hydroxides, 
white precipitate, Ga(OH),, soluble in 
excess; precipitation is hindered by tartrates 
Soluble carbonates give a white precipitate of 
basic carbonate soluble in ammonium carbonate 
Potassium ferrocyanide, white precipitate, in 
soluble m hydrochloric acid (up to 3 5N). 
The ecn«iti\ ity of this test is increased by adding 
manganous chloride and an oxidising agent 
(KBrO,), when a red brown colour or precipi- 
tate is obtatned (I’oluehtov, Mikrochcm 1936, 
19, 24S). Alizarin in presence of ammonia and 
ammonium chloride, bright red lake. 

These tests should be earned out after extrac- 
tion of gallium chloride with ether, removal of 
gallium hydroxide with 6odium hydroxide, and 
precipitation with S hydroxy quinoline. The 
gallium complex is then decomposed with 
An ill e acid IT'o'lneVtOV, I c). 

Indium. — .lmmonia, avhite precipitate, 
In(OH),, only slightly soluble in excess. 
Allot i hydroxides, similar precipitate peptiscd 
by excess of reagent, but coagulated on boiling 
or standing. Soluble carbonates, white pre- 
cipitate of basic carbonate, soluble in ammonium 
carbonate. Hydrogen sulphide, yellow pre 
ci pit ate (ln t S,) in neutral or acetic acid 
solution; soluble in sodium sulphide or dilute 
mineral acids. Potassium ferrocyanide, white 
precipitate more soluble in hydrochloric acid 
than the gallium compound. Aluminon, red 
lake, insoluble in ammonia but decomposed 
by ammonium carbonate (distinction from Sc 
and Al). 

Thallium, Thallous Salts. — Soluble 
chlorides, white precipitate (TICI), slightly 
soluble in cold water, more soluble in hot. 
Potassium iodide, yellow precipitate only slightly 
soluble in sodium thiosulphate (distinction from 
Pb). Ammonium sulphide, black precipitate. 


(Tl jS), easily oxidised in air ; the precipitation 
with hydrogen sulphide from neutral solution 
is incomplete. Potassium chromate, ycDow 
precipitate, (TI 2 Cr0 4 ). Sodium cobalt i nitrite, 
pale red crystalline precipitate. 

Thallic Salts. — Soluble chlorides, no pre 
cipitate Potassium iodide, brown precipitate 
(probably mixture of Til, Tll 4 and Tljj). 
Allah hydroxides or ammonia, brow n precipitate 
{TI(OH) 3 ). 

Thallic salts give blue colorations with 
benzidine acetate, a-naphthol or dimethyl p. 
phenylenediaminc ; other oxidising agents pro- 
duce similar colours 

Rare Earth Metals. — These belong to the 
third analytical group and are precipitated by 
ammonia as hy droxides insoluble in alkali 
hydroxides; tartrates and citrates hinder pre- 
cipitation. They form neutral or basic carbon- 
ates with ammonium carbonate, tho yttrium 
earth carbonates being soluble in excess. They 
also form insoluble phosphates. 

Minerals containing the rare earths may in 
some cases be decomposed with hj'droehloric 
acid, others yield to sulphuric acid, while a few 
require alkali fusion Alternatively, hydrofluoric 
acid may be used nnd is advantageous in that 
rare earth (and thorium) fluorides are insoluble 
in excess of this acid whereas most other 
fluorides dissolve The commonest method of 
separating this group is as oxalates which arc 
insoluble in excess of oxalic acid , in this way any 
zirconium, aluminium, iron, or hexavalent 
uranium may be removed Thorium, which 
generally accompanies the lare earths, inay be 
separated by means of hydrogen peroxide, 
ammonium sebacate, boiling w ith sodium thio- 
sulphate or by taking adv antnge of the solubility 
of its oxalate in ammonium oxalate The two 
last methods also serve to remove scandium 

With the exception of cerium the rare earths 
can only be separated from each other by 
tedious fractionation following upon the division 
into the yttrium and cerium groups. This is 
accomplished by the use of saturated potassium 
or sodium sulphate when the cerium group is 
precipitated as double sulphates msolublo in 
alkali sulphate The separation is not sharp 
and must JoTlovv the lines ol a liactionation. 

Cerium is remov ed by oxidising vv ith potassium 
bromate in neutral solution when the ceric salt 
hydrolyses and a basic salt is precipitated It is 
also separated as the double ammonium nitrate 
Ce(NO s ) 4 2(NH,)NO > , which is sparingly 
soluble in niti ic acid. Altcmativ ely cerium (and 
thorium) may be precipitated as lodates. 

Traces of cerium may be detected by they ellovv 
colour given w ith hydrogen peroxide in alkaline 
solution, by the intense blue colour developed 
by ceric salts w ith benzidine acetate, or by tho 
6carlet colour giv en with methy lene blue. 

Lanthanum may r be detected by the blue 
adsorption complex of its basic acetate with 
iodine (see Acetic Acid). 

Carbon. — Carbon is detected by its appear- 
ance, by its inactivity towards the usual 
analy tical reagents, and by its combustion in air 
or oxygen to form carbon dioxide. This 
oxidation may also be accomplished with 
potassium dichromatc and sulphuric acid. 
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Carbon Monoxide. — A colourless, poisonous 
gas which readily burns in air with a blue flame 
forming the dioxide. It is detected by the 
liberation of iodine from iodine pentoxide, by its 
power to reduce palladous chloride to palladium, 
and by its alteration of the absorption spectrum 
of blood. 

Carbon Dioxide (see Carbonates). 

Cyanogen. — Cyanogen is a colourless gas 
with the odour of peach kernels ; it burns with 
a purple flame. If the dry gas is passed into an 
alcoholic solution of sodium hydrosulphide, the 
solution becomes dark red and on acidification 
rubeanic acid is precipitated. A dilute alcoholic 
solution of this acid gives a violet precipitate 
with ammoniacal nickel salts. 

The gas may also be detected by passing it into 
a solution made up of 2 c.c. saturated picric acid, 
18 c.c. of alcohol, and 5 c.c. of 15% potassium 
hydroxide, when a purple-red colour forms which 
soon turns brown. 

Carbon Disulphide. — Colourless liquid with 
characteristic odour giving a white compound 
H'itli phenylhydrazine and a red crystalline 
compound with triethylphosphine. It dissolves 
in sodium sulphide solution forming sodium 
thiocarbonate (Na 2 CS 3 ), which yields a brown 
precipitate with silver nitrate soluble in excess 
thiocarbonate ; lead nitrate gives a red pre- 
cipitate quickly becoming black. 

- Shaken with ammonia (0-880) the upper layer 
contains ammonium dithiocarbamate, which 
gives a black precipitate with silver nitrate in 
neutral or alkaline solution. The liquid assumes 
a red colour discharged by acetic acid (Gutzeit, 
Hclv. Chim. Acta, 1929, 12, 713). 

Small quantities may be detected by test 
papers made with a solution of a copper or cobalt 
salt in excess of dimethylamine or pj'ridine which 
develop brown colorations. Hydrogen sulphide 
interferes but not in the presence of cyanide. 

Cyanides . — Dilute acids, hydrogen cyanide 
evolved (sometimes only on heating) ; absorption 
of the gas in yellow ammonium sulphide and 
treatment of solution with ferric chloride gives a 
blood-red colour. Silver nitrate, white pre- 
cipitate, insolublo in cold dilute nitric acid, 
soluble in ammonia or oxcess of cyanide, 
Prussian blue lest. To the solution is added 
successively' caustic soda, ferrous sulphate, a 
few drops of ferric chloride and heated. On 
adding hydrochloric acid in excess the presence of 
cyanide is denoted by a blue colour or precipitate. 

Cyanates . — Dilute acid, carbon dioxide is 
evolved and an ammonium salt formed. Silver 
nitrate, white precipitate (AgCNO), soluble in 
dilute nitric acid or ammonia. Cobalt acetate, 
blue colour, K 2 [Co(CNO) 4 ], becoming pink 
on dilution; the blue colour is more stable in 
ether. 

Thiocyanates . — Silver nitrate, white pre- 
cipitate insolublo in dilute nitric acid, soluble 
in ammonia. Ferric chloride, blood-red colour 
discharged by mercuric chloride. Cobalt chloride, 
blue colour solublo in ether and amyl alcohol. 
a-Kaphthol (20% alcoholic solution), and con- 
centrated sulphuric acid, green colour becoming 
violet on shaking. Copper sulphate, black precipi- 
tate, Cu(CNS) 2 , becoming white Cu 2 (CNS) 2 
on adding sulphurous acid. 
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Ferrocyanides. — Heated with dilute sul- 
phuric acid they evolve hydrogen cyanide, 
while with strong acid carbon monoxide is 
liberated. Silver nitrate, white precipitate 
insoluble in nitric acid, sparingly soluble in 
ammonia ; soluble in potassium cyanide. 
Copper sulphate, chocolate-brown precipitate. 
Ferric chloride, dark blue precipitate. Ferrous 
sulphate, white precipitate rapidly becoming 
blue. Ammonium molybdate in dilute hj'dro- 
chloric acid solution, brown precipitate of 
molybdenyl ferroeyanide. (Separation from 
ferricyanides.) 

Ferricyanides . — Silver nitrate, orange pre- 
cipitate insoluble in nitric, acid, soluble in 
ammonia. Ferric chloride, greenish-brown 
colour. Ferrous sulphate, dark blue precipitate. 
Cadmium nitrate, orange precipitate. 

Ferrocyanides may be separated from ferri- 
cyanides or thiocyanates by precipitating as 
thorium ferroeyanide in dilute acid solution or 
as the molybdenyl compound. Ferricyanides 
and thiocyanates can be separated by pre- 
cipitating the former as the cadmium salt. 

Nitroprussides. — Heated with hydrochloric 
acid they give hydrogen cyanide and ferric 
chloride. Alkali sulphides, purple colour 
destroyed by alkalis. Sodium amalgam in 
alkaline solution gives sodium ferroeyanide and 
ammonia; in acid solution it forms “Prussian 
Blue.” Zinc nitroprusside gives a rose colour 
with sulphur dioxide. 

Carbonates and Bicarbonates. — Dilute 
acids, evolution of carbon dioxide which turns 
lime or baryta water turbid. Barium chloride, 
white precipitate. Mercuric chloride, red pre- 
cipitate of basic carbonate, bicarbonates give a 
yellowish opalescence only. Calcium sulphate, 
immediate white precipitate with carbonate; 
bicarbonates give same precipitate on standing 
or addition of ammonia. 

Formates . — Concentrated sulphuric acid, evo- 
lution of carbon monoxide without blackening. 
Silver nitrate, white precipitate in strong 
solutions ; rapidly’ darkens precipitating metallic 
silver. Mercuric chloride, white precipitate 
turning grey with excess of formate. Ferric 
chloride, dark red colour depositing brown 
precipitate on boiling. The red colour is dis- 
charged by mineral acids. 

Free formic acid gives a reddish-yellow colour 
when warmed with strong sodium bisulphite 
solution. 

Acetates . — Concentrated sulphuric acid, evo- 
lution of acetic acid on heating ; addition of 
ethyl alcohol gives the characteristic odour of 
ethyl acetate. Ferric chloride gives an analogous 
reaction to that with formates. Arsenious oxide 
heated with acetates, yields cacodyl-oxide, 
As,(CH,) 4 0, jvith nauseating odour. Lan- 
thanum nitrate and ammonia, white basic lan- 
thanum acetate which with iodine in potassium 
iodide forms a blue adsorption complex similar 
to “ starch iodide.” Propionates give a similar 
reaction, but other organic acids only depress 
the sensitivity of the test (Kruger and Tschirch, 
Ber. 1929, 62 [B], 2776; Chem.-Ztg. 1930, 54, 

Oxalates. — Concentrated sulphuric acid, 
evolution of carbon monoxido and dioxide. 
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Potassium permanganate and dilute sulphuric 
acid % decolourised on adding drop by drop to 
warm teat solution. Calcium chloride, white 
precipitate, insoluble in acetic acid, soluble in 
dilute mineral acids, Resorcinol (concentrated 
solution), followed by concentrated sulphuric 
acid down the side of the tube, blue ring at the 
interface on gently shaking. Ammonium meta- 
vanadate (0-5% solution) and a few drops of 
hydrogen peroxide give a ruby red colour with 
oxalates (other reducing agents interfere). 

Succinates.— Calcium or barium chloride, 
white precipitate if not too dilute. Silver 
nitrate, white precipitate, solublo in nitric acid. 
Ferric chloride, reddish-brown precipitate of 
basic ferric succinate, soluble in dilute acids, 
decomposed by ammonia. 

The dry substance heated with resorcinol snd 
1-2 drops of concentrated sulphuric acid j lelds a 
green fluorescent flotation on extraction with 
alkali. 

M alates. — Calcium chloride, white precipitate 
only in strong, hot solutions or on adding alcohol. 
Lead acetate, white precipitate (PbC t H t O s ), 
melting m hot water, soluble in warm acetic 
acid. Silver nitrate, white precipitate becoming 
grey on boiling. 

Strong solutions of the acid containing a little 
ferrous sulphate give an intense red colour when 
treated carefully at 0° with hydrogen peroxide. 
Addition of feme salts intensifies the colour. 

Tartrates.— Calcium chloride. White pre 
cipitate soluble in dilute mineral and acetic acids , 
soluble in sodium hydroxide after washing 
but jeprecipitated on boiling Siher nitrate, 
white precipitate soluble in mtnc acid and 
ammonia ; the solution m the minimal quantity 
of the latter reagents deposits a silver mirror on 
warming. Potassium acetate and acetic acid, 
white precipitate more complete on wanning. 

Oxidation with hydrogen peroxide in the 
presence of ferrous sulphate (see Malatcs) 
produces a deep xiolct or blue colour on adding 
excess of caustic soda. 

Citrates. — Calcium chloride, white precipi- 
tate of calcium citrate formed more readily on 
boding or adding a little sodium hydroxide. 
Cadmium chloride, gelatinous white precipitate 
insoluble in hot water, soluble in acetic acid 
(difference from tartrate). Mercuric sulphate 
in acid solution followed by potassium perman- 
ganate, white turbidity due to mercuric acetone- 
dicarboxylato (halogens interfere). Silver 
nitrate, white precipitate soluble in ammonia 
but ammomacal solution not readily reduced on 
warming. 

Benzoates. — Mineral acids, white crystalline 
precipitate of benzoic acid (m.p 121°), sparingly 
soluble in cold water, readily so in alcohol or 
ether. Feme chloride, reddish brown precipitate 
decolourised by hydrochloric acid to white 
benzoic acid. Silver nitrate, white precipitate 
soluble m hot water. Soda lime, evolution of 
benzene on dry distillation with this reagent. 

Salicylates. — Mineral acids, white crystal- 
line precipitate of salicylic acid (m.p. 159’). 
Feme chloride, purple Or violet colour even 
with dilute solutions ; the colour is discharged 
by mineral acids and by organic acids or 
alkalis if present in excess. Silver nitrate, white 


precipitate soluble in hot water. Strong sulphuric 
and and methyl alcohol, characteristic odour of 
methy 1 salicylate (oil of wintergreen) on heating. 
Bromine voter, white precipitate yielding phenol 
with sodium amalgam. Soda lime, odour of 
phenol on dry distillation. 

Gallic Acid. — Ferric chloride, bluish-black 
precipitate soluble in excess to green solution. 
Gelatin or of&umtn, no precipitate (distinction 
from tannic acid), ^fmmoniacaf silver nitrate, 
silver mirror e\en in the cold. Lime icater in 
excels, blue precipitate becoming dark on stand- 
ing. Potassium cyanide in dilute solution, roso 
colour fading quickly but reappearing on shaking 
m air. Altah hydroxides, greenish coloration 
becoming brownish red w ith excess. 

Tannic Acid. — Feme chloride, bluish black 
precipitate or coloration. Gelatin or albumin, 
immediate white precipitate. Lime ualer, 
greyish white precipitate. Potassium cyanide, 
yellow ish-red colour not fading appreciably. 

Reactions with ammomacal stlier nitrate or 
allali hydroxides are similar to those with gallic 
acid. 

Pyrogallol. — Ferric chloride, reddish-yellow 
colour. Concentrated hydrochloric acid with 
formaldehyde (2-3 drops), white precipitate 
rapidly changing through red to purple. A’llicf 
nitrate, deposits 6il\er c\cn from cold neutral 
reagent solution. Allah hydroxides, yellow 
solution rapidly becoming dark brown. 

Phenol. — .Ferric chloride, violet colour dis- 
charged by acids and alkalis Bromine icater, 
white precipitate of tnbromophenol , excess of 
reagent forms tnbromophenol bromide which 
w hen washed well liberates lodme from potassium 
iodide Sodium hypochlorite and ammonia, 
blue colour on w arming, changed to bright red 
with hydrochloric acid. Strong sulphuric acid 
and a crystal of sodium nitrile, green or blue 
solution becoming red on pouring into water; 
execs of alkali recon\ erts the colour to blue. 

Unc Acid. — The alkali salts^ reduce siher- 
nitrate in the cold and Fehling's solution on 
boding. Soda lime, dry distillation leads to 
evolution of ammonia and formation of sodium 
cyanide which can be detected by tho Prussian 
blue test. Sitnc acid, followed by careful 
evaporation of solution to dryness, orange 
residue developing an intense violet colour with 
ammonia and " a blue colour with alkali 
hydroxides (Murcxido test). 

Silicon.— Silicates. Most silicates arc in- 
soluble in w ater ; those that arc soluble and a 
few insoluble ones nre decomposed by acids 
depositing silicic acid; others require fusion 
with sodium and potassium carbonates, acidifica- 
tion of the melt with hydrochloric acid yields 
silicic acid which when evaporated to dryness 
with excess acid furnishes silica (SiO x ) insoluble 
in all acids except hydrofluoric. Fluorides and 
strong sulphuric acid, c\ olution of silicon tetra* 
fluonde detected by forming a white gelatinous 
film on a wet glass rod. Calcium chloridt or 
silver nitrate, white precipitate with soluble 
silicates ; the precipitates are easily decomposed 
by acids. 

Traces of silicic acid arc identified after bring- 
ing into solution by adding excess of ammonium 
molybdate and careful acidification. The 
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yellow -green colour of the silicomolvbdic acid 
formed {H 8 [Si(Mo 2 O 7 ) 0 ].rH 2 O} may bo in- 
tensified by adding a reducing agent such as 
sodium sulphite (in which ease the previous 
acidification is made with acetic acid) or strongly 
alkaline sodium stannite ; in both eases a 
deep blue colour is formed (Oberhauser and 
Bergheim, Z.. anorg. Chem. 1929, 178, 381 ; 
Isaac, Bull. Soc. Chinn biol. 1924, 6, 157). 
If benzidine be used as reducing agent, the blue 
colour can be extracted with amyl alcohol 
(phosphates interfere) (Eeigl and Krumholz, 
Ber. 1929, 62, [B], 1138). 

Silicofluorides . — Silicofluorides decompose 
on heating liberating silicon fluoride and leaving 
a residue of metallic fluoride. Heated with 
strong sulphuric acid they give silicon fluoride 
and hydrogen fluoride. Barium chloride, white 
precipitate (BaSiF 6 ) nearly insoluble in dilute 
hydrochloric acid. Potassium chloride, white 
precipitate from moderately strong solutions. 
Thorium nitrate, white precipitate. 

Germanium. — The outstanding feature of 
this element is the ready volatility of its chloride, 
whereby it maj' be separated from all elements 
except tervalent arsenic and selenium. Small 
quantities may be detected by electrolysis of 
alkaline solutions with nickel electrodes or reduc- 
tion with sodium amalgam and passing the 
germanium hydrides formed through a heated 
tube when a brownish or metallic stain is pro- 
duced ; pentavalent arsenic does not interfere 
(Coase, Analyst, 1934, 59, 462, 747). 

Gcrmanates with ammonium molybdate in 
dilute nitric acid give blue colours with benzidine 
acetate or Mohr’s salt and sodium acetate ; 
silicates and phosphates interfere (Komarovsky 
and Polucktov, Mikrochem. 1935, 18, CG ; 
Z. anal. Chem. 1936, 105, 23). 

Gcrmanates in molybdate-nitric acid solution 
if evaporated to dryness, extracted with water 
and filtered give with cold lead chloride solution 
a pale yellow crystalline precipitate of lead 
germanomolybdate. Hydrogen sulphide in strong 
acid solution (5N-), white precipitate soluble in 
alkalis, ammonia and alkali sulphides ; no 
precipitate in the presence of excess of hydrogen 
fluoride (distinction from As). Alkalis or 
ammonia, partial white precipitate only from 
concentrated acid solutions and soluble in 
excess. 

Tin. Stannous Salts . — Hydrogen sulphide, 
chocolate-brown precipitate (SnS), soluble in 
ammonium polysulphide, insoluble in dilute 
hydrochloric acid, ammonia or ammonium 
carbonate. Caustic alkalis, white precipitate 
soluble in excess ; this stannite solution 
reduces strongly ammoniacal silver nitrate to 
metallic silver in the cold (As’" and Sb'" 
solutions only reduce on boiling). Sodium 
nitroprusside in alkaline solution, greyish-red 
colour turning blue with hydrochloric acid. 
Mercuric chloride, white precipitate becoming 
grey with excess of test solution. i-Chloro (or 
Methyl)-h2-dimcrcaptobenzene (0-2% solution in 
sodium hydroxide) added to a stannous solution 
in dilute hydrochloric acid (J>15%) gives a 
pink or red colour on warming. Bismuth gives 
an easily distinguishable brick red precipitate 
with this reagent (Clark, Analyst, 1936, 60. 242). 
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Stannic Salts . — Hydrogen sulphide, dirty 
yellow precipitate (SnS 2 ), soluble in colourless 
ammonium sulphide or ammonia, partially 
soluble in ammonium carbonate ; insoluble in 
dilute hydrochloric acid. Mercuric chloride, no 
precipitate. Anhydrous stannic oxide, when 
fused on charcoal, with fusion mixture 
(KNaC0 3 ) and sulphur, gives a soluble 
melt containing alkali thiostannnte, KNaSnS 3 , 
from which acid precipitates yellow stannic 
sulphide. 

Lead . — Soluble chlorides, white precipitate 
(PbCl 2 ) insoluble in ammonia, soluble in hot 
water. Hydrogen sulphide, black precipitate, 
insoluble in dilute hydrochloric acid, soluble in 
hot dilute nitric acid. Sulphuric acid, white 
precipitate, soluble in ammonium acetate or 
tartrate. Potassium chromate, yellow pre- 
cipitate insoluble in acetic acid, soluble in alkali 
hydroxides. Diphenylthiocarbazide (in carbon 
tetrachloride) shaken with lead solutions con- 
taining 5% potassium cyanide, gives a brick-red 
coloration (this test is specific for lead and 
detects 0-1 microg. in 0-05 c.c.). 

Oxidising agents form brown lead peroxido 
which gives a blue colour with tctramethyl-p- 
diaminodiphenylmethane or benzidine acetate 
(other peroxides interfere). Alternatively, the 
lead peroxide may be deposited anodically 
and then tested when only manganese interferes 
(Danckworfc and Jurgens, Arch. Pharm. 1928, 
266, 367, 374; Neekeand Muller, Angew. Chem. 
1935,48,259). 

Titanium. — Titanium is usually found as 
hydrated titania in the ammonia precipifate 
provided sufficient acid has been present during 
earlier treatment to prevent hydrolysis. Alkali 
hydroxides or carbonates, ammonia or ammonium 
sulphide, white precipitate of orthotitanic acid 
in the cold ; soluble in dilute acids, slightly 
soluble in alkalis ; hot precipitation produces 
metatitanie acid (H 2 Ti0 3 ), which is insoluble; 
precipitation is hindered by tartrates. Sodium 
thiosulphate or acetate, white precipitate on 
boiling. Potassium ferrocyanide, reddish-yellow 
precipitate with Ti lr ; lower valencies give dark 
brown precipitates. Reducing agents give 
violet, blue, or green colours. Hydrogen per- 
oxide in weak acid solutions, yellow to red colour ; 
fluorides, phosphates, excess of alkali salts, 
Fe—, Cr'“, Mo and V interfere. Tannin 
in neutral oxalate or tartrate solutions, deep 
orange precipitate on warming, soluble in 
mineral acids and oxalic acid. 

Many phenols give red or yellow colours 
with quadrivalent titanium ; thus thymol in 
80% sulphuric acid and in the absence of tung- 
sten gives a yellow to dark red colour. 

Zirconium and Hafnium. — These two 
elements cannot, at present, be differentiated 
by qualitative analysis. Alkali hydroxides, 
ammonia, ammonium sulphide, white gelatinous 
precipitate, insoluble in excess ; soluble in dilnto 
mineral acids (avoid sulphuric) when precipitated 
cold, soluble only in concentrated acids when 
produced from hot solutions. (Tartrates inter- 
fere.) Ammonium oxalate, white precipitate 
soluble in excess of reagent (distinction from 
Al and Be); this solution also gives no pre- 
cipitate with hydrochloric acid (distinction from 
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Th).^ Potassium sulphate in cold concentrated 
solution, white precipitate, 

[Zr(Hf)0(S0 4 ) 1 lK 1 .3H 1 0. 

insoluble in excess. Sodium phosphate, white 
precipitate insoluble in moderately strong 
mineral acids (separation from most other 
elements). Hydrogen peroxide, white milky 
precipitate liberating chlorine when warmed 
with hydrochloric acid. Tannin, no precipitate 
from neutral oxalate solution. Alizarin 3- 
sulphonic acid, violet colour becoming yellow 
with traces of fluoride (Basart, Z. anorg. Chem. 
1926, 152, 213). 

Thorium . — Allah hydroxides or ammonia, 
white gelatinous precipitate {Th(OH) t ) in- 
soluble in excess. Allah and ammonium car- 
bonates, white basic carbonate soluble in 
excess. Oxalic acid, white precipitate insoluble 
in dilute mineral and oxalic acids. Ammonium 
oxalate, same precipitate, soluble in excess 
but reprecipitated by dilute mineral acids 
Hydrogen peroxide in neutral or slightly acid 
solution, complete precipitation of thorium 
peroxide (separation from Ce). Potassium « odale 
in nitric acid solution , white precipitate 
{Th(IO,)|} (distinction from Ce and Sc) 
Soluble Jhiorides, white precipitate (ThF 4 ), 
(separation from Sc) Sebacie acid with neutral 
solution, white precipitate (separation from rare 
earth metals). 

Nitrogen. Hydrazoic Acid . — Ferric chlor- 
ide, blood-red colour disappearing on boiling 
with deposition of ferric hydro* 1 ** 6 - It is 
distinguishable from the colour with thio 
cyanatea in being discharged by dilute mineral 
acids and being less easdy affected by mercuric 
chloride. Iodine and one drop of sodium thio 
sulphate, evolution of nitrogen. No reaction 
takes placo between soluble azides and iodine 
except in the presenceof thiosulphates, sulphides, 
or thiocyanates. Copper sulphate, red-brown 
precipitate ; silier nitrate, white precipitate, 
insoluble in cold dilute nitric acid, soluble in 
ammonia. 

Hydrazine. — Powerful reducing agent pre 
cipitating mercury, silver, gold, etc., from 
solution , benzaldehyde in acid or alkaline solu- 
tion, yellow precipitate of benzaldazme, 

C,HjCH N N CHCjH,. 

Ethyl nitrite and ailah, hjdrazme is oxidised 
to hjdrazoic acid which can be detected with 
feme chloride. Copper sulphate with hydrazine 
hydrate, blue precipitate. 

Hydroxylamine. — The reducing action of 
hjdroxylamine is not so great os that of 
hjdrazme. Copper sulphate in aramomacal 
solution, red cuprous oxide. Benzoyl chloride 
and sodium acetate, benzhydroxamic acid is 
formed which gives a violet eolour with feme 
chloride. Ammonium polysulphide boiled with 
test solution nntd sulphur appears and 2 c.c. 
strong ammonia and 2 c.c. alcohol added, 
purple red colour (hydrazine does not interfere). 

Solutions of hjdroxylamino treated with a 
fragment of sodium nitroprusside and a little 
sodium hydroxide give a magenta colour when 
heated quickly to 100°. 


Ammonia and Ammonium Salts. — Am- 
monia is a colourless gas with a characteristic 
odour and an alkaline reaction in the presence 
of moisture. It gives copious white fumes with 
hydrogen ehlonde. It may be detected by the 
purple colour given with tet ram ethyldia mino- 
diphcnylmethane or the carmine red colour with 
logwood extract. A very sensitive test is the 
sdver mirror which it produces on a drop of 
silver nitrate solution containing 3% formalde- 
hyde. Ammonium salts are volatile and 
liberate ammonia when heated with lime or 
caustic alkalis. Platinichloric acid, yellow 
crystalline precipitate slightly soluble in water, 
Kessler's reagent (KjHgl, and KOH), yellow 
solution to brown precipitate. Phenol (4% 
solution) and dilute sodium hypochlorite, blue 
colour. 

Ammonium salts, like those of potassium, give 
a precipitate with sodium cobaltinitnte, hut they 
differ from this alkali metal in giving no pre- 
cipitate with perchloric acid or fluosihcic acid. 

Nitrates. — iSuIpAurtc acid, evolves nitric 
acid on heating ; if metallic copper be added 
then brown oxides of nitrogen are liberated. 
Ferrous sulphate and strong sulphuric acid, 
the neutral test solution is mixed with ferrous 
sulphate and tho acid then poured carefully 
down the side of the tube, dark purplish 
brown ring is formed at the interface (iodides 
and bromides interfere). Brucine m strong 
sulphuric acid, red colour (oxidising agents 
must be absent) Diphenylamtne or diphenyl- 
benzidine m sulphuric acid, blue colour. A'ttroit 
acetate, white precipitate. 

Nitrites. — filter nitrate, white precipitate 
from strong solutions Starch-iodide and acetic 
acid, blue colour. Sa/ramne T (0 03% solution) 
and dilute mineral acid, violet to blue colour. 
Potassium ferrocyamde and acetic acid, greenish- 
yellow colour (distinction from nitrate). />»• 
methyl-a naphthylamme (0 5% solution in 4A'- 
acetic acid) gives a rose red colour with a nitrite 
in 15% methanol. Dilute acetic acid solution 
of eulpkanilic acid with a naphthylamine forms a 
deep red solution (Ilosvay test). A more 
permanent colour is obtained if dimcthjla- 
naphthylamine is used (Germuth, Ind. Eng. 
Chem. Anal. 1929, 1, 28). 

Phosphoru s.— This element may bo delected 
by its luminescence, or by conversion to phos- 
phine (PH,) on boiling with sodium hydroxide. 
Tho phosphine is detected by silver nitrate or 
mercuric chloride test papers which turn block 
or yellow respectively. 

Phosphates . — Calcium or barium chloride, 
white precipitate soluble in dilute mineral acid 
Ammonium molybdate in dilute nitric acid, yellow 
precipitate on warming, soluble in ammonia and 
excess of alkaline phosphate. A sensitive 
reagent, producing a precipitate in the cold 
(distinction from arsenate), may be made by 
dissolving 140 g. of ammonium molybdate in a 
mixture of 200 c.c. of ammonia (d=0 880) and 
200 c.c. of water. To this solution padded 
slowly, with stirring. 1,500 c.c. of nitric acid 
(d=l-23) and tho mixture allowed to stand over- 
night in a warm place. The clear solution w 
decanted and diluted with an equal volume ol 
water. Magnesium sulphate, ammonium chloride, 
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and ammonia, white crystalline precipitate, becoming black with hot caustic soda (CuO). 
Mg(NH 4 )P0 4 ,6H 2 0, soluble in mineral Ammonium molybdate in sulphuric acid followed 
acids. Metaphosphates give no precipitate, by stannous chloride, blue colour (silicates, 
while the pyrophosphate precipitate is soluble phosphates, and germanates interfere), 
in excess of magnesium sulphate. Silver nitrate, Antimony . — Hydrogen sulphide, orange pro- 

yellow precipitate, soluble in nitric acid and cipitate, soluble in ammonium sulphide, sodium 
ammonia. Meta- and pyro-phosphates give hydroxide, and hqt strong hydrochloric acid, 
white precipitates. The meta- acid may be Water in excess and in presence of chlorides, 
distinguished from the other two by its ability white precipitate (SbOCI) soluble in tartaric 
to coagulate albumin and by forming a brownish- acid and in mineral acids. Zinc in contact with 
yellow precipitate with luteo cobaltic chloride in platinum, black stain on the platinum which 
acetic acid solution. The pyro- acid gives an dissolves in nitric acid or ammonium sulphide, 
orange precipitate soluble in acetic acid. Pyrocatechol with antimony chloride in a solution 

Phosphites . — Barium chloride, white pre- first neutralised and then made acid with tar- 
cipitate (BaHP0 3 ) soluble in hydrochloric taric acid, white precipitate (this test is said to 
acid. Silver nitrate, white precipitate, rapidly be specific). Pyridine and potassium iodide in 
darkening with formation of the metal especially strongly acid solution, yellow colour. Anti- 
in the presence of ammonia and heat. Mercuric pyrine and potassium iodide, yellow precipitate. 
chloride, white precipitate rapidly becoming grey. Bismuth . — Hydrogen sulphide, brown pre- 

Copper sulphate, pale blue precipitate. cipitate insoluble in ammonium sulphide, 

Phosphites are easily oxidised to phosphates soluble in nitric acid. Water in excess and in 
or reduced with nascent hydrogen to phosphine, presence of chlorides, white precipitate (BiOCI), 
Hypophosphites. — Heated alone they evolve insoluble in tartaric acid, soluble in mineral 
phosphine, while in solution they possess power- acids. Alkali hydroxides or ammonia, white 
ful reducing properties. Heated with excess of precipitate soluble in mineral acids. Stannous 
alkali they evolve hydrogen. Barium, chloride, chloride (3 drops of 20% solution) in potassium 
white precipitate only from strong solutions, hydroxide (5 c.c. of 10% solution) and in presence 
Copper sulphate, red precipitate (Cu 2 H 2 ), of tartaric acid, black precipitate. Pyrogallol to 
giving metallic copper and hydrogen on heating weak hydrochloric acid solution (O' 1 ;V-), yellow 
to 100°. crystalline precipitato on boiling (Sb alone 

Silver, mercury, arsenic, and bismuth salts interferes, giving a white precipitate), 
are reduced to the metal. Hypophosphites Like antimony, bismuth gives delicate colour 
decolorise iodine in the presence of sulphuric reactions or precipitates with potassium iodide 
acid while phosphites only do so in the presenco and certain organic bases ; e.g. quinine Bulphato 
of sodium acetate. (orange-red colour) and antipyrine (brick-red 

Arsenic. — Arsenic compounds reduced with precipitate). The most delicate test is that 
zinc and dilute sulphuric acid form volatile given with potassium iodide and tetra-acetyl- 
arsino (AsH 3 ), which is decomposed by heat ammonium hydroxide, an intense red colour 
giving a black deposit of arsenic soluble in develops which is soluble in benzene (Girard 
aqueous hypochlorites. A similar stain pro- and Fourneau, Compt. rend. 1925, 181, 610). 
duced with antimony is insoluble in hypo- Bismuth compounds heated on charcoal with 
chlorites (Marsh’s Test). Arsine is also pro- potassium iodide and sulphur give a crimson- 
duced on reduction with zinc (or aluminium) red incrustation. 

and caustic soda and forms yellow to brown Vanadium (as vanadates ). — Mild reducing 
stains on mercuric chloride test paper or a brown agents (H 2 S, SO z , etc.) in acid solutions, blue 
to black spot on silver nitrate paper (Gutzeit- vanadyl salts. Strong reducing agents (Zn+ 
Fleitmann test). Hydrogen sulphide, yellow H 2 S0 4 ), progressive colour changes of blue to 
precipitate, insoluble in hydrochloric acid, green to violet. Ammonium sulphide, deep 
soluble in ammonium sulphide or carbonate, brown solution, depositing a brown precipitate 
Phosphorus trichloride, brown precipitate (As) (V 2 S 5 ) when acidified. Potassium ferrocyanide 
(distinction from Sb). Metallic copper and dilute in acid solution, green floeculent precipitate, 
hydrochloric acid, steel grey deposit on warm- Hydrogen peroxide in acid solution, reddish- 
ing. Heated in an open tube the deposit gives a brown colour insoluble in ether and unaffected 
white crystalline sublimate (As i O c j- Stannous by phosphoric acid (distinction from Fe) or 
chloride in hot concentrated hydrochloric acid, hydrogen fluoride (distinction from Ti). Tannin 
brown colour or precipitate (As) ; a trace of with hot acetic acid solution, blue-black pre- 
mercuric chloride increases the sensitivity cipitate. Strychnine sulphate in strong sulphuric 
(Bottendorff’s test). acid, blue-violet colour becoming rose-red. 

Arsenites . — Silver nitrate to solution kept Niobium (as niobates ). — Mineral acids, vr kite 
neutral with ammonia, yellow precipitate precipitate of niobic acid, sparingly soluble in 
soluble in nitric acid and ammonia, insoluble in excess. Zinc dust and acid, blue colour (distinc- 
0’5-l-5A T -sodium hydroxide. Ammoniacal tionfromTa). Hydrogenflvoride and potassium 
copper sulphate, green precipitate soluble in fluoride, no precipitate even on boiling. Tannin, 
excess of ammonia ; hot sodium hydroxide orange-red precipitate. Codeine, pink colour, 
turns the precipitate red (Cu a O). Tantalum (as tantalates ). — Mineral acids, 

Arsenates. — Silver nitrate in neutral solution, white precipitate of tantalic acid soluble 
brick red precipitate, soluble in nitric acid and in excess. Hydrogen fluoride and potassium 
ammonia. Magnesia mixture, white crystalline fluoride, white crystalline precipitate, K 2 TaF-, 
precipitate, Mg(NH 4 )As0 4 ,6H 2 0. Copper on boiling. Tannin, pale yellow precipitate. 
sulphate in neutral solution, blue ■ precipitate Codeine, faint green colour. 
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Oxygen. — Free oxygen is detected by its 
power to rekindle a glowing splint, by forming 
brown nitrogen peroxide « ith mtnc oxide, and 
by the deep red colour given with alkaline 
pyrocatochol and ferrous sulphate. 

Ozone, — Ozone possesses a characteristic 
odour and manifests the usual properties of a 
strong oxidant, hut does not decolourise 
acidihed permanganate. Benzidine test paper 
(made from a saturated alcoholic solution), 
brown colonr; nitrous fumes gi>e blue colour; 
chlorine, blue and then red-brown ; hydrogen 
peroxide docs not interfere. Telramethyl p 
diaminodiphenybnethane teat paper, violet 
colour; nitrous fumes give straw -yellow anti 
chlorine and bromine blue colours. Hydrogen 
peroxide does not interfere. Ozone also destroys 
the fluorescence of fluorescein. 

Hydrogen Peroxide. — Potassium iodide and 
starch, blue ‘'starch iodide” Ammoniacal 
sifter nitrate, grey precipitate (Ag). The 
most usual tests are the formation of blue 
perchromic acid (aw Cr) or yellow pertitanic 
acid (ace Ti). A highly sensitise test with a 
reagent made from 1% alcoholic o t olid me 
(NH^H, C,H a NH,), 

1% ferrous sulphate and acetate buffer at p« 4 , 
a blue colour is developed with 2 5x10-® g 
H,Oj (Kulberg and Matveev, J. Appl Chem. 
Russ. 103G, 9, 754) 

Sulphur. — This non metal bums in air form 
ing sulphur dioxide, it is soluble in carbon 
disulphide, forms sulphate with oxidising agents, 
and thiocyanate when heated with alkali 
cyanides. With fuming sulphuric acid (SO s ) 
sulphur gives blue solutions (c/ selenium and 
tellurium). 

Hydrogen Sulphide and Metallic Sul- 
phides. — Hydrogen sulphide is easily detected 
by its odour, by blackening lead acetate paper, 
or b) the orange colour produced with tartar 
emetic test paper 

Most sulphides evolve hydrogen sulphide 
when heated with hjdrochlonc acid. Sodium 
nitroprusside in alkaline solution, intense purple 
colour, £odiuni azide and todme, evolution 
of nitrogen cm warming Jnsoluhle sulphides 
gne this reaction also, but thiosulphates and 
thiocyanates interfere. 

Hyposulphites (hj drosulphites) — Detection 
of these salts (such aB Na x S,0 4 ) depends on 
their strong reducing action and their decom- 
position in acid media to form hydrogen 
sulphide. Ammoniacal copper sulphate, copper 
mirror. Cupric chloride, white precipitate 
becoming black on warming 

(CUjCIj -*• Cu+Cu,S). 

Cadmium sulphate in dilute arid, yellow pre 
cipitate on boiling. Titanic oxide in sulphuric 
acid solution, intense red colour gradually fading 
through yellow to colourless. 

Thiosulphates. — Mineral acids, white pre- 
eipitnto of sulphur and evolution of sulphur 
dioxide. Silver nitrate, white precipitate, 
(Ag f S f Oj), passing through brown to black 
(Ag,S) on warming; silver thiosulphate dis- 
soh cs in excess of thiosulphate. Iodine solution, 
decolourised and the solution then gives no pro- . 


cipitate with barium chloride. Sodium azide 
and iodine, liberation of nitrogen. Jellev and 
Clark(Bnt J. Phot. 1929, 76, 714) use this test as 
follows ; 1 drop of the test solution in a small 
crucible is treated with 1 drop of starch iodide 
i and I drop of 2% sodium azide. If the liquid 
contains more than 0 O a l.Y-tlriosulphate the 
colour disappears. Ferric chloride, transient 
violet colour : 

Fe,{S t O,) 3 = FeSjOj-p FeS 4 O t . 

Thionates (M,SxO e , where x=2 to 5).— 
All thionates arc «Ieoorapo , 'ed by heat, j icldin" 
generally sulphates, sulphur dioxide, and, 
1 except with ditlnonatcs, sulphur. Reducing 
i agents (2n and acid) liberate by drogen sulphide 
on warming ; oxidants form sulphates. 

Barium chlohde, no precipitate except after 

■ oxidation. Mercurous nitrate, black precipitato 
with tnthionic acid; yellow precipitates with 

■ the tetra- and penta- acids. Ammoniacal silver 

■ nitrate, with trithionates — no brown colour m 
cold but black Ag x S on warming; with tetra. 
thionates — brown colour on wanning; with 
pentathionates — immediate brown colour 
dec eloping to black on standing. Canstic soda, 
precipitate of sulphur with nentathiomc acid 
Dilute hydrochloric acid, evolution of sulphur 
dioxide with tnthionates 

Sulphur Dioxide and Sulphites.— Sulphur 
dioxide is detected by its odour, its deeotonsing 
action on acid permanganate or iodine and by 
tumiDg acid dichromate test paper green A 
rose red colour is also given when zme mtro- 
prusside is exposed first to ammonia and then 
to sulphur dioxide, 

(NH 4 ) 4 [SO,,NO Fe (CN),] 
Hydrochloric acid on sulphites, evolution of 
sulphur dioxide but no sulphur precipitated. 
Eon mw chloride, no precipitate in the presence 
of hydrochloric acid. Iodic acid and starch, a 
blue “ starch iodide ” is obtained with traces of 
sulphite ; excess of the latter destroys the colour. 
Fast Blue It (Oxazmt) (0-01% solution), added m 
drops to sulphite solution, a violet and then 
yellow colour (sulphides interfere). 

Sulphates. — Bsritiro chloride and d/hfe 
hydrochloric acid, w hitc precipitate, insoluble in 
acids and alkalis. Mercuric nitrate (10% 
solution m 1% nitric acid), yellow crystalline 
precipitato on boiling (HgS0 4 -2Hg0). This 
test may be used for insoluble sulphates. Barium 
rhodizonate, decolorised by neutral or alkaline 
sulphates. This test is made on paper im- 
pregnated with fresh sodium rhodizonate 
solution followed by faintly acid barium chloride 
solution. Tho paper is used while still slightly 
damp. 

Persulphates. — Powerful oxidising agents, 
they are converted into sulphates with reducing 
agents or on heating ; in the latter case oxygen 
is evolved. Barium chloride, no precipitate 
except on reduction or heating. Silver nitrate, 
black precipitate (Ag,0). Benzidine acetate 
in neutral or dilute acetic acid solution; blue 
colour (alkali peroxides, perborates, or hydrogen 
peroxide do not interfere; chromates, per- 
manganates, ferriej anides, and hypohabtes do), 
■Potassium permanganate, no decoloration. 
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Selenium. — Like .sulphur, selenium is con- 
verted on heating in air or oxygen into selenium 
dioxide which dissolves in water to form 
selenious acid. The same oxidation ~may be 
accomplished with nitric acid. Selenium is 
soluble in ammonium sulphide. Dissolved in 
strong sulphuric acid selenium gives green 
coloration rendered more sensitive on addition of 
codeine. 

Selenides. — Hydrochloric acid, evolution of 
hydrogen selenide on warming ; this gas is 
recognised by its odour and by the formation 
of a mirror under the conditions of the Marsh 
test for arsenic. If dissolved in water and air 
then passed through the solution, a red -pre- 
cipitate of selenium is obtained. Hydrogen 
selenide also gives a precipitate of sulphur and 
selenium with sulphites. Metallic silver, black 
satin stain with solution of selenides. 

Selenites. — Hydrogen sulphide in dilute acid 
solution; lemon yellow precipitate (Se-j-S), 
soluble in ammonium sulphide ; the precipitate 
becomes red on heating, fteducing agents, 
precipitate of red or black selenium. Barium 
chloride, white precipitate soluble in dilute 
hydrochloric acid. Codeine phosphate added to 
selenites in strong sulphuric acid, green or 
bluish-green colour (Fe interferes). Magnesia 
mixture, white precipitate insoluble in acids. 

Selenates. — Hydrogen sulphide, no pre- 
cipitate. Mild reducing agents have no effect 
on selenates. Strong reducing agents, red or 
black selenium. Hydrochloric acid, evolution of 
chlorine on boiling. Barium chloride, white pre- 
cipitate (BaSe0 4 ) insoluble in cold dilute 
hydrochloric acid, dissolving on boiling. 

Tellurium. — Tellurium closely resembles 
selenium in its reactions ; the chief differences 
are listed below. With fuming sulphuric acid it 
gives a carmine solution. Potassium cyanide 
fused with tellurium forms soluble potassium 
telluride ; its aqueous solution, when aerated, 
deposits the non-metal : 

2K 2 Te+2H 2 0+0 2 =4K0H-f2Te 

Under the same conditions selenium forms 
potassium selenocyanate, the solution of which is 
Btable but gives selenium with acids : 

KCNSe+HCI=KCl+HCN+Se 

Inasmuch as HCNS is stable to aqueous acids 
this cyanide fusion serves to separate the three 
elements of the sulphur family. Hydrogen 
•chloride, white precipitate of H 2 Te0 3 with 
tellurites. Hydrogen sulphide in acid solution, 
gives brown precipitate (T e+ S), with tellurites 
and tellurates, the precipitate dissolves in 
ammonium sulpkido. Sulphur dioxide, black 
precipitate (T e) with tellurites and tellurates 
except in strong hydrochloric acid solution, 
when no separation occurs^ even on boiling. 
Potassium iodide to acidified tellurite, a black 
precipitate, Tel 4 , dissolving in excess to K 2 Tel 6 
Chromium. Chromic .Salts. — Alkali hy- 
droxides or ammonia, blue-green precipitate, 
Cr(OH) 3 , soluble in dilute acids; the 
precipitate is soluble in excess alkali hydroxide 
to a green solution and partially soluble in 
excess ammonia to a pink solution ; in both 
cases the hydroxide is reprecipitated on boiling. 


Oxidising agents, yellow solution of chromate. 
Sodium phosphate, green precipitate soluble in 
acetic acid, but repreeipitated on boiling. Acid 
alizarin yellow BC., orange-coloured lake, 
stable to acids and ammonia. 

Chromates and Dichromates. — Reducing 
agents, colour changes from yellow to green „ 
Lead acetate, yellow precipitate, (PbCr0 4 ), 
insoluble in acetic acid. Silver nilrale, 'crimsan- 
red precipitate, soluble .in nitric acid and 
ammonia. Hydrogen peroxide in acid solution, 
deep blue evanescent colour, more stable if 
extracted with ether, amyl alcohol or ethyl 
acetate. a-Naphthylamine, violet-black: colour. 
Benzidine acetate, blue colour (other oxidising 
agents interfere with this and the previous 
test). Disodium salt of kS-dihydroxynaph- 
thalene-3:6-disnlphonic acid in aqueous solution 
and in presence of phosphoric acid gives a red- 
brown colour. 

Molybdenum (molybdates). — Hydrogen sul- 
phide, reddish to brown colour in neutral or 
alkaline solutions ; acid solutions are coloured 
blue followed by a brown precipitate (MoS 3 ) 
soluble in ammonium sulphide and nitric acid, 
insoluble in hydrochloric acid or boiling oxalic 
acid. Potassium thiocyanate, yellow colour 
changing to deep red with stannous chloride ; 
this colour is soluble in ether and is not affected 
by phosphoric acid (distinction from Fe‘"). 
Potassium xanthate (alcoholic potash -f- carbon 
disulphide) in acetic acid, dark red colour 
soluble in ether or benzene (organic acids, Cu, 
Ni, Co, Fe, and UO z " interfere). Sodium 
phosphate to nitric acid solution of molybdate, 
yellow precipitate on warming, soluble in 
ammonia or excess reagent. PhenyVujdrazine in 
acetic acid, red colour or precipitate. Hydrogen 
peroxide and ammonia, red-brown colour. Sul- 
phuric acid solution of molybdate evaporated 
nearly to dryness develops a deep blue colora- 
tion. 

Tungsten (tungstates). — Hydrochloric acid, 
white amorphous precipitate in the cold 
(W0 3 -2H 2 0); changed to yellow on boiling 
(W0 3 -H 2 0). Metatungstates give no pre- 
cipitate except on. boiling (phosphates and 
organic acids interfere). Reducing agents, 
blue colour (quinquivalent W). Hydrogen 
sulphide in acid solutions, no precipitate. 
Ammonium sulphide, no precipitate except after 
acidification, when brown WS 3 - is deposited. 
Rhodamine Ji (0-001% solution) with an alkali 
tungstate acidified with hydrochloric acid, 
violet colour or fluorescence (Hg-, Au—, Sb, 
Bi, and Mo interfere). 

Uranium. — Uranium salts are divisible 
mainly into -two classes, the green urnnous (U 4 ) 
salts, which are strong reducing agents, and the 
yellow uranyl compounds possessing a greenish 
fluorescence. 

Uranous Saifs. — Ammonium sulphide. Solu- 
tion darkens rapidly and gives a black precipitate 
on warming. Alkali hydroxides or ammonia, 
pale green precipitate (U(OH) 4 ), insoluble in 
excess ; oxidises in air with colour change to 
brown (tartrates and carbonates hinder pre- 
cipitation). Alkali carbonates or bicarbonales, 
pale green precipitate soluble In excess of 
bicarbonates or ammonium carbonate ; easily 
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oxidised in air. Potassium ferrocyanide, yellow- 
ish-green precipitate gradually becoming brown. 
Soluble fluorides, precipitate of UOF,. Uranous, 
but not uranyl, salts gne a precipitate with cup- 
ferron. 

Uranyl Salts. — Ammonium sulphide, brown 
precipitate (UO,S), insoluble in excess, 
soluble in dilute acids and ammonium carbonate 
(distinction from Zn, Mn, Fe, etc). Allah 
hydroxides or ammonia, yellow precipitates of 
diuranates, M,U,0, (hindered by tartrates, 
citrates, or peroxides), soluble in ammonium 
carbonate. Potassium ferrocyanide, deep red 
precipitate soluble in sodium hydroxide, am- 
monium carbonate, or dilute hydrochloric acid 
(distinction from Cu”). Thiosinaminem alkaline 
solution, yellow precipitate , this test is said to 
be specific in the absence of cadmium Hydrogen 
peroxide, pale yellow precipitato becoming deep 
yellow or red with carbonates (Cr, Ti, and V 
interfere). Turmeric paper with slightly acid 
test solution, brown colour darkening with 
sodium carbonate. 

Fluorine. — A colourless, highly corrosive 
gas, it may be detected by its ability to etch 
glass. With silica it forms silicon tetrafluonde 
(see silicon) ; it h berates chlorine from hydrogen 
chloride. 

Fluorides. — Strong sulphuric acid with 
fluorides in platinum or lead vessel, evolution of 
hydrogen fluoride detected by “ etching ” test. 
Addition of silica gives silicon tetrafluonde 
Banum or calcium chloride, white precipitate 
somewhat soluble in hydrochlonc acid, soluble 
in ammonium chlonde. Silver nitrate, no 
precipitate Zirconium alizarin reagent, the 
deep violet-red lake formed from zirconium 
nitrate or chlonde with excess of alcoholic 
aliznnn solution becomes y cllow in the presence 
of fluorine ions Brown zirconium p dimethyl 
aminoazobenzenearsinate, 

Me,N C|H 4 N.NC t H 4 AsO s H x , 
is said to be more sensitive (Feigl and Rajmann, 
Mikrochem. 1D32, 12, 133). Titanium sulphate 
and hydrogen peroxide, fluorides bleach the 
yellow-orange colour of pertitanic acid. Test 
paper made from brazilwood extract is reddened 
by hydrogen fiuonde. 

Chlorine. — A greenish yellow gas, it is usually 
recognised by its odour, its ability to bleach 
litmus or to turn starch potassium iodide paper 
blue. A reagent made from a nilin e (3 c.c.) f 
o-toluidmc (1 c c ) in acetic acid (300 c.c 
of 20% solution) gives a blue colour, passing to 
violet, with chlorine or its oxides in dilute 
acid solution. Damp cobalt nitrate test paper is 
coloured blue by chlorine ; bromine and iodine 
give green colours, but ina mixture of the halogens 
the blue colour is developed first. The presence 
of chlonno in water is usually detected by adding 
a 0 1% solution of o-tohdine in 10% hydrochloric 
acid, when a yellow to red colour appears. 

Chlorides. — Silver nitrate, whito precipitate 
insoluble in nitric acid, soluble m ammonia, 
potassium cyanide, or sodium thiosulphate ; 
the precipitate becomes violet on exposure to 
light. Manganese dioxide and strong sulphuric 
acid, evolution -of chlonne. Potassium di- 
chromate and strong sulphuric acid, brown red 


fumes (CrOjCl.) dissoh ing in water to a yellow 
solution which after neutralisation w ith ammonia 
gn es a y ellow precipitate with soluble lead salts 

Insoluble chlorides are difficult to detect by 
this method, but when digested with zinc and 
dilute sulphuric acid the solution contains 
chlonne ions. 

Hypochlorites. — These are strong oxidising 
agents bleaching indigo or litmus, hut having no 
action on potassium permanganate; their 
solutions are unstable and consequently give 
white silver chlonde with silver nitrate. Most 
acids (including CO x ) liberate chlorine in the 
cold. Metallic mercury, yellowish -red deposit 
when shaken with test solution (Hg t OCI t ). 
A solution of phenol (8 parts) and aniline (1 part) 
m water (200 parts) gives a blue colour with 
hypochlorites. 

C h 1 ont es. — Strong oxidising agents, especially 
in acid solution, bleaching indigo and litmus 
even in the presence of arsenious oxido 
(distinction from hypochlorites) They also 
bleach permanganate, forming brown hydrated 
manganese dioxide. Dilute sulphuric acid, 
development of yellow colour due to formation 
of CIO,. Chlorides and hypochlorites accelerate 
this reaction while arsenious oxide retards. 
Soluble lead or silver salts, yellow or white 
precipitate. Acidified ferrous sulphate, traDBient 
violet colour. Chlorous acid gives with brucine, 
diphenylamine, etc., similar colours to those 
produced by nitric and chlonc acids 

Chlorates.— Strong sulphuric acid, yellow 
explosive chlorine dioxide is evolved on warm- 
ing. Indigo solution is bleached with acidified 
solution only on warming, but in presence of 
sulphur dioxide, the reaction takes place in cold 
Hydrogen peroxide and nitric aetd, chlorates are 
reduced to chlorides (distinction from bromates 
and lodates). Potassium iodide and mineral acid, 
iodine is liberated. If acetic acid is used no iodine 
separates even on long standing (distinction from 
lodates). All chlorates when ignited givcchloridcs, 
with brucine, diphenylamine, etc. chloric acid 
gives colours similar to those given by nitnc acid 

Perchlorates. — Unlike other oxygenated 
chlonne acids, perchloric acid is not reduced by 
hydrochloric acid or by a zinc copper couple ; 
it is, however, reduced by’ titanous sulphate. 
Perchlorates give'neither chlorine nor chlonno 
dioxide with hot sulphuric acid. Potassium 
salts, colourless crystalline precipitate from cold 
moderately strong solutions, a Phenyl f} diethyl- 
aminoethyl p mtrobenzoate, 

O t N C e H,-CO,CHPhCH,-NEt,, 

hydrochloric acid solution, light yellow pre- 
cipitate (Cl — , Br~, CIO,“, IOj — , SO."“, 
CO, do not interfere). Strychnine sulphate, 
colourless precipitate. Fusion with sodium 
carbonate converts perchlorates into chlorides. 

Bromine. — Bromine, at ordinary tempera- 
tures, a brownish-red liquid evolving brown 
fumes with a suffocating odour, dissolves in 
carbon disulphide to a brown solution and gives 
a yellow colour with starch solution. Fluorescein 
(2% solution in 50% acetic acid) is converted 
by it into red cosin, while reduced fuchsin 
eolution (2% solution reduced with excess of 
sulphur dioxide) is coloured violet (chlorine 
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and iodine do not interfere) (Hahn, Mikrochem. 
1935, 17, 222; Lopez, Farm, moderna, 1935, 
46, 55). Bromine gives a colourless solution 
with ammonia. 

Bromides. — Silver nitrate, pale yellow pre- 
cipitate, insoluble in nitric acid, moderately 
soluble in ammonia, easily soluble in potassium 
cyanide or sodium thiosulphate. Strong 
sulphuric , acid, liberation of hydrogen bromide 
and bromine on heating. Strong sulphuric acid 
and manganese dioxide, evolution of bromine 
only. Strong sulphuric acid and potassium 
dichromate, evolution of bromine only on 
heating. Chlorine water liberates bromine 
soluble in carbon tetrachloride or carbon 
disulphide to an orange-brown solution. 

Bromates. — Alkaline and alkaline earth 
bromates give bromides and oxygen on heating ; 
heavy metal bromates usually yield oxygen, 
bromine, and the oxide. Strong sulphuric acid, 
colourless solution gradually becoming brown 
with liberated bromine. Dilute sulphuric acid, 
colourless stable solution, but the addition of a 
little potassium bromide produces free bromine. 
Silver nitrate, white precipitate decomposed by 
hot hydrochloric acid with evolution of bromine. 
Dilute oxalic acid liberates carbon dioxide and 
free bromine. Methyl orange is rapidly de- 
colorised by bromates in 4A T -hydrochlorie acid 
(chlorates and iodates do not interfere). 

Iodine. — Blue-blaclc solid dissolving in carbon 
tetrachloride or disulphide to violet solutions, 
iodine is easily detected by the blue adsorption 
complex formed with cold starch solution. 
The element also gives a characteristic violet 
vapour on heating. 

Iodides. — Silver nitrate, yellowish-white pre- 
cipitate, insoluble in dilute nitric acid, sparingly 
soluble in ammonia, soluble in potassium 
cyanide or in concentrated Kl or NaCI or HCI 
solutions. Strong sulphuric acid and heat, 
iodine is evolved without the use of other 
oxidising agents. Chlorine or bromine water, 
liberation of iodine. Sodium nitrite and dilute 
mineral or acetic acid, iodides generate iodine 
but bromides do not give bromine except with 
large excess of nitrous acid. Palladous chloride, 
dark brown precipitato ( Pd 1 2 ), insoluble in 
mineral acids, soluble in ammonia. 

Iodates. — Potassium iodide and dilute acid, 
immediate precipitate of iodine. Sulphurous 
acid, liberation of iodine if reagent not in 
excess. Silver nitrate, white precipitate 
(Agl0 3 ), soluble in ammonia from which 
sulphur dioxide precipitates yellow silver iodide. 
Barium chloride, white precipitate, soluble in 
hot dilute nitric acid, or cold dilute hydro- 
chloric acid ; somewhat soluble in hot water. 
Lead acetate, white precipitate, Pb(10 3 ) 2 . 
Mercuric chloride, white precipitate. 

The insolubility of the barium, mercuric, and 
lead iodates serves to distinguish iodic from 
bromic and chloric acids. 

Periodates. — Most periodates have a low 
solubility but are easily dissolved in nitric acid. 
They are powerful oxidising agents, but iodine 
is only liberated with a certain excess of the 
reductant. Silver nitrate, yellowish-red or 
brown precipitates depending on the acidity of 
the solution ; all become dark red if boiled with 
Von. II. — 37 
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water. Mercuric nitrate, orange-red precipitate. 
Mercurous nitrate, yellow precipitate. Tannin, 
brown precipitate, soluble in ammonia ; this 
solution becomes red on exposure to air. 

Manganese. Manganous Salts. — Am- 
monium sulphide, pink precipitate ( M n S ), soluble 
in dilute acids. Alkali or ammonium hydroxides, 
white precipitate {Mn(OH) 2 }, becoming brown 
in nir; insoluble in excess. Lead peroxide and 
nitric acid, pink solution of permanganate. 
This oxidation may also be effected by potassium 
periodate, sodium bismuthate, or ammonium 
persulphate, though in the last case a trace of 
silver salt is necessary to catalyse the reaction. 
Benzidine acetate solution gives a blue colour 
with hydrated manganese dioxide. 

Perm a nga n a tes . — Soluble permanganates 
give red or purple solutions easily decolorised 
by reducing agents. Strong sulphuric acid, 
oxygen is evolved on heating and the colour 
destroyed. Hydrochloric acid, -liberation of 
chlorine on warming. Alkali hydroxides, the 
red or purple colour becomes green (manganate) : 

4KMn0 4 +4K0H=4K 2 Mn0 4 +2H 2 0+0 2 

Manganales which readily decompose in acid 
solution, 

3K 2 Mn0 4 +2H 2 S0 4 

= 2KMn0 4 +Mn0 2 +2K 2 S0 4 +2H 2 0, 

give the foregoing reactions with hydrochloric 
and strong sulphuric acids. 

Rhenium (as per-rhenates). — Hydrogen sul- 
phide (in 4iY-acid solution), yellow colour 
followed by black precipitate (Re 2 S 7 ). Hydra- 
zine hydrochloride in alkaline solutions, black 
precipitate (ReO z ). Nitron acetate, colourless 
needles. Potassium thiocyanate and stannous 
chloride, yellow to red colour, soluble in ether. 
Dimelhylglyoxime (saturated alcoholic solution) 
and stannous chloride (25% in concentrated 
HCI), yellow to red colour developing a green 
fluorescence on heating. Soluble potassium, 
silver and thallous salts give characteristic white 
crystalline precipitates from moderately strong 
solutions. Derivatives of quadrivalent rhenium 
are all coloured, easily oxidised to per-rhenates 
and deposit black rhenium dioxide with alkali. 

Iron. Ferrous Salts. — Hydrogen sulphide 
or ammonium sulphide, black precipitate soluble 
in dilute acids. Alkali hydroxides, dirty green 
precipitate, incomplete in the presence of 
ammonium salts ; readily oxidised to brown 
ferric hydroxide on exposure to air. Potassium 
ferrocyanide, pale-blue precipitate (white if 
pure). Potassium ferricyanide, dark blue pre- 
cipitate. Ammonium thiocyanate, no colour if 
pure. 2:2'-Dipyridyl (1% solution in 0-1 A 7 - 
HCI), intense red colour; if manganese is 
present the solution should be at least 0-2A 7 - 
with hydrochloric acid, while the presence of zinc 
calls for a considerable excess of the reagent. 
2-.2':2"-Tripyridyl, intense purple coloration 
discernable with 1 part of Fe" in two million). 

Ferric Salts. — Hydrogen sulphide or am- 
monium sulphide, black precipitate (FeS+S) 
soluble in dilute acids. Potassium ferrocyanide, 
dark blue precipitate. Potassium ferricyanide, 
brown colour only. Ammonium thiocyanate, 
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intense red colour bleached bj mercuric chloride. 
Sodium phosphate, yellowish-white precipitate, 
FeP0 4 , soluble in hydrochlonc acid, in 
soluble in acetic acid. Sodium acetate in excess, 
dull red solution, deposition of a brown basic 
acetate on boiling. 

Cobalt. — Ammonium sulphide, black pre- 
cipitate insoluble m cold dilute hydrochloric 
acid. Alkali hydroxides, pale blue precipitate, 
slightly soluble in excess to a blue solution; 
ammonia produces, incompletely, the same 
precipitate, which is soluble in excess to a brown 
solution. Potassium cyanide, reddish brown 
precipitate soluble in excess forming K 4 Co 1 C N), 
which is oxidised on boiling in air to 
K s Co(CN) 4 ; this solution gives no precipitate 
with soluble hypochlorites or hypobronutes. 
Potassium nitrite in dilute acetic acid solution; 
yellow crystalline precipitate of Kj!Co(NOj) 4 ] 
Ammonium thiocyanate (concentrated solution), 
unstable blue colour, more stable in presence 
of acetone or amyl alcohol and ether. (Iron 
interferes and must be removed or its colour 
with the thiocyanate discharged with sodium 
fluonde.) If 6odium mercuric thiocyanate, 
NajHg(SCN) 4 , be used then a blue pre- 
cipitate is obtained, a Kitroso p naphthol in 
acetic acid w itb neutral or slightly acid solutions , 
dark red precipitate (Cu, Fe, Ag, and Sn 
interfere). Dithiooiamide (rubeamc acid), in 
alcoholic solution added to ammomacal test 
solution, yellow brown precipitate (Ni gives 
blue-violet solution). 

Nickel. — Ammonium sulphide, black pre- 
cipitate somewhat soluble in excess, insoluble 
in dilute hydrochloric acid. Alkali hydroxides, 
pale green precipitate, insoluble in excess, 
gives black Ni(OH), with bromine water 
Potassium cyanide, greenish-yellow precipitate, 
soluble in excess forming K,Ni(CN) 4 , which is 
unaltered by boiling in air, hypochlorites or 
bypobromites give a black precipitate with this 
solution. Dtmethylglyoxime with ammomacal or 
acetic acid solution, scarlet precipitate. 
Potassium xanthate precipitates both nickel and 
cobalt from neutral solutions, but the former is 
soluble in ammonia and reprecipitated by 
ammonium sulphide. Nickel gives no pre- 
cipitate with potassium nitrite and no colour 
with thiocyanate 

Ruthenium. — Distillation with nitric and 
perchloric acids gives golden yellow crystals of 
Ru 0 4 , soluble in sodium hydroxide to a reddish 
solution which is reduced by alcohol to black 
RUjOj. Hydrogen sulphide with tervaient 
• uthciuum; the solution becomes blue and a 
dark brown sulphide gradually forms ; ammonium 
sulphide gives an immediate precipitate of the 
sulphide. Sodium thiosulphate with ammomacal 
Ru'", purple red colour on warming. Thio 
carbamide with hydrochloric acid solutions, 
blue colour; thiocarbamhde gives a blue green 
colour soluble in ether. Potassium iodide, black 
precipitate (Ru I a ). Strong aqueous ammonia 
w ith ru tbemu m trichloride at 40° gives ruthenium 
red, [Ru(OH)CI(NH,) 4 1CI,HJO, which dyes 
silk in reddish shades. Potaksium ruthcni- 
chlonde, K,RuCI 4 (made by heating Ru with 
KCI in chlorine), gives a red to purple colour 
with potassium thiocyanate which changes to 


i violet on warming. 2 I’-Dipyridyl heated with 
| ruthenium chloride and extracting with water, 

[ yellow colour. 

Rhodium . — Th e only platinum metal attached 
by strong sulphuric acid, is best converted into 
a soluble salt by heating w ith sodium chlonde 
and chlorine ; the resulting sodium rhodi- 
chloride, Na s [RhCI e ] crystallises from water in 
red pnsm3. Concentrated solutions give with 
ammonia a yellow precipitate of chloropent- 
amminorhodnim chlonde, [RhCI(NH a ) a ]CI|, 
while warm potassium nitrite gives the sparingly 
soluble orange -yellow rhoduutnte, 
K a [Rh(NO t ) a ], 

Other reactions of tervaient rhodium are given 
below. Hydrogen sulphide, slow formation of 
brown precipitate in the cold but more quickly 
on warming ; insoluble in alkali sulphides, 
soluble in Lot nitric acid. Metallic zinc, blue 
solution followed by deposition of the metal. 
Benzidine, rose yellow precipitate. Potassium 
thiocyanate, black precipitate. Stannous 
chloride (40% solution in cone. HCI), brown 
colour w hen heated, becoming red on cooling. 

Palladium. — The moat readily soluble ot the 
platinum metals, it dissolves in aqua regia 
forming PdClj and PdCI 4 , and m nitric acid, 
when Pdf N0 3 )j is obtained. Palladio salts 
are unstable except as double salts, of which 
the potassium and ammonium double chlorides 
are sparingly soluble nnd red in colour Hydrogen 
sulphide in acid solution, brown precipitate 
(PdS) insoluble in ammonium sulphide, 6olublo 
in boiling hydrochloric acid. Alkali hydroxides, 
brown precipitate soluble in excess of hot 
reagent Potassium iodide, black precipitate 
(Pd( a ) soluble in excess, or in ammonia, to 
red solutions. a-Xtlroso p-naphthol in acetic 
acid, red brown precipitate (distinction from 
other platinum metals) Benzoylmethylglyoxime 
in dilute acid solution, amorphous yellow 
precipitate ; other platinum metals do not inter- 
fere. Mercuric cyanide, yellowish-white pre- 
cipitate, Pd(CN) t> soluble in ammonia or 
potassium cyanide. 

Osmium. — Finely divided osmium is easily 
oxidised at ordinary temperatures; it readily 
bums in air above 42 3° forming osmium 
tetroxide, having a penetrating odour. Thu 
oxide (0s0 4 ) is also obtained by distilling 
osmium compounds with nitric acid when it 
distils and may be collected in sodium hydroxide 
solution, which becomes yellow due to the 
formation of sodium osmate (Na,0$0 4 ). 
These osmates are unstable and lose osmium 
tctroxido on heating. Hydrogen sulphide in 
acid solution, dark brown precipitate (OsS,) 
insoluble in ammonium sulphide. Potassium 
thiocyanate giv cs with acid solutions of the te- 
troxide a distmetiv e blue colour soluble in ether. 
Thuicarbamide and dilute HCI, intense red 
colour. 

Osmium heated with potassium chloride in 
chlorine forms potassium osmichloride, 
KjfOsCI,], 

soluble in w ater to a red solution. Tannic acid 
reduces a hydrochloric acid solution of the doublo 
chlonde, giving a blue solution of OsClj. 
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while potassium iodide develops a reddish-purple 
colour. 

Iridium. — Only sparingly soluble in aqua 
regia even when finely divided, it is also un- 
attacked by fusion with potassium pyrosulphate. 
Fusion with sodium peroxide leads to an oxide 
( I r0 3 ) which dissolves in aqua regia to a reddish- 
brown solution of Na 2 [!rCI 6 ). This iridi- 
chloride is - more easily obtained by heating 
iridium with sodium chloride in a current of 
clilorine. This complex salt gives the following 
reactions : Hydrogen sulphide, brown pre- 

cipitate after decolorisation of the solution. 
The sulphide ( I r 2 S 3 ) is soluble in ammonium 
sulphide. Alkalis, colour changes from red 
to green and on boiling there is precipitated 
dark blue lr(OH) 4 , soluble in hydrochloric 
acid. Sodium hypochlorite or hypobromite 
gives the same precipitate. Ammonium or 
potassium , chloride, reddish or dark brown 
precipitate giving an olive green solution with 
potassium nitrite which, boiled with excess of 
nitrite, becomes yellow, depositing yellowish- 
white K 3 lr(N0 2 ) 6 (separation from Pt). 
Lev co base of malachite green (1% solution in 
strong acetic acid), if a few drops of this 
reagent are added to the test solution then the 
presence of iridichloride restores the malachite 
green colour. The test is sensitive to one part 
iridium in six million. Fuming sulphuric acid 
and ammonium nitrate heated with iridium 
compounds give a blue coloration. 

Platinum. — Platinum dissolves in aqua 
regia to form platinichloric acid, which gives 
the following reactions. Hydrogen sulphide, 
brown precipitate (PtS 2 ) soluble in ammonium 
sulphide, insoluble in acids except aqua regia. 
Potassium or ammonium chloride, yellow crystal- 
line precipitate (M 2 PtCI„), slightly soluble in 
water, insoluble in alcohol. Stannous chloride, 
yellow to dark red colour depending on. the 
concentration (distinction from Pd, Ir, Au). 
Potassium iodide, red to brown colour in dilute 
solutions. Hydrazine hydrochloride or zinc or 
magnesium with dilute hydrochloric acid, black 
precipitate ( Pt). 

The Inert Gases. — As these gases are almost 
devoid of chemical activity the ordinary 
methods of qualitative and quantitative analysis 
are not applicable to them and, therefore, they 
are determined by purely physical means. 
They are usually identified by their highly 
characteristic spectra, although the presence of 
Emanation (Radon, Niton) is more easily 
detected by means of its radioactive properties. 
In most cases it is necessary to concentrate the 
gases before applying spectrum analysis, since 
the sensitivity of this method is often con- 
siderably depressed by the presence of con- 
taminating gases such as hydrogen, oxygen, 
nitrogen, hydrocarbons, etc. Partial separation 
is also desirable in order to detect small amounts 
of helium, krypton and xenon in mixtures of 
tho inert gases. Tables of the most suitable 
lines for spectrum analysis may be found in the 
articles on the individual gases. 

Tho purity of any sample of one of these rare 
gases is usually determined by measurements of 
density, dielectric cohesion, or tho velocity of 
sound in the gas. G. T. M., G. R. D. 
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DROP REACTIONS (“ SPOT ” TESTS). 

The methods described under this heading aim 
at the formation of a coloured spot on adsorbent 
paper, or on a white porcelain surface. In 
addition, it has become customary to include 
also many delicate tests which are more 
conveniently conducted in small test-tubes or 
capillaries. Tho tests, although qualitative, 
are frequently extremely delicate. A feature of 
special interest is the wido adoption of organic 
reagents used to detect inorganic ions. In 
applying these methods, their limitations, some 
of which are indicated below, should be 
remembered and control tests applied whenever 
possible. In carrying out “ spot ” tests it is 
important to use paper of suitable texture, 
since the drops should be adsorbed slowly 
without undue spreading. Many of the “ spot ” 
tests which have been proposed are merely 
adaptations of well-known standard reactions 
to this particular technique and therefore will 
not be included in the following selection of the 
essential practical details of those methods 
peculiarly suited to microchemical application. 

Metals. 

Aluminium. — A strip of adsorbent paper is 
soaked in an alcoholic solution of alizarin and 
dried. A drop of the solution to be tested is 
spotted on the paper, which is then exposed to 
ammonia vapour and dried; the violet colour 
of the ammonium alizarinate is discharged, 
and the presence of aluminium is revealed by 
a red spot. The test will detect 0-3pg. Al (Feigl 
and Stern, Z. anal. Chem. 1921, 60, 9). Inter- 
ference of Fe, Cr, U, Th, Ti, and Mn may be 
obviated by using paper previously treated with 
potassium ferrocyanide, whereby insoluble 
ferrocyanides are formed and the Al solution 
spreads beyond as a damp ring; an alcoholic 
solution of alizarin is now added to the spot, 
and the test completed as before. 

Antimony. — Two drops of the solution are 
added to an equal volume of strong hydrochloric 
acid, and a small crystal of sodium nitrite is 
dissolved in the mixture ; one drop of this 
solution is added to 0-2 c.c. of a 0-01% aqueous 
solution of rhodamine-B in a depression of a 
spotting tile. Tho presence of quinquivalent 
antimony is indicated by a colour change from 
red to violet and the formation of a precipitate. 
Sn and small amounts of Fe dq not interfere, 
but Bi, Hg, Au, Th, Mo, and W must be 
absent. The test will detect Ipg. Sb In the 
presence of 12,500 times as much Sn (Eegriwe, 
Z. anal. Chem. 1927, 70, 400). 

Barium. — The solution to be tested is spotted 
on adsorbent paper, and a drop of a 0-1% 
aqueous solution of the sodium salt of rhodizonic 
acid (dihydroxydiquinoyl) added ; the presence 
of B a is indicated by the appearance of a reddish- 
brown spot of barium rhodizonate which changes 
to brilliant red on the addition of dilute hydro- 
chloric acid. Ca does not react, while tho 
colour produced> by Sr is destroyed by the 
hydrochloric aci'd. Tho test detects 0-25pg. Ba. 
In the absence of Ba the reagent serves as a 
test for Sr, the hydrochloric acid being omitted 
(Feigl, Mikrochem. 1924, 2, 188). 



5S0 


CHE3IICAL ANALYSIS. 


Beryllium. — The reagent consists of a freshly 
prepared 025% solution of quinalizann 
(1,2 5.8 tetrabydroxyanthraquinone) m 0 25 A’- * 
NaOH, a drop of Which is placed on 
adsorbent paper previously moistened with a 
drop of the solution to be tested. A bngbt blue 
spot is indicative of Be. If Al is present the 
solution under test should contain sufficient 
aodiuni hydroxide to prevent the precipitation 
of aluminium hydroxide. Pb, Zn, and Sn are 
without influence, while the effect of Cu, Ni, 
and Co can be eliminated by using cyanide. 
Zr, Ce, Th, and many rare earth metals behave 
similarly to Be. M g also produces a bright 
blue lake, but the colour is destroyed by very 
dilute bromine water, while that due to Be is 
relatively stable. The test will detect 0 14/xg Be 
(Fischer, Wiss. Veroff. Siemens Konz. 192S, 5. 
DU ; Z. anal. Chem. 1928, 73, 54) 

Bismuth. — Adsorbent paper is spotted with a 
reagent containing 1% of cinchonine and 2% 
of iwtasaium iodide in dilute nitric acid and then 
with the solution; the presence of bismuth is 
indicated by an orange red spot. If Hg is also 
present, an orange circle forms around a white 
central zone, while if Pb and Cu are also 
present the test is “till applicable, since the two 
last metals produce yellow and brown rings 
outside the orange area due to Bi. The test 
detects 0 14pg. Bi (alone) or 10pg in presence of 
the other three metals mentioned (Feigl and 
Neuber, Z. anal Chem. 192J, 62, 273). 

Cadmium . — A drop of the solution under test, 
neutral or faintly acid with acetic acid, is spotted 
on adsorbent paper impregnated with an 
alcoholic solution of dipheny lcarbazide (Feigl 
and Neuber, Z. anal. Chem. 1923, 62, 369). 
A violet spot on exposure to ammonia vapour 
indicates Cd , the test is sensitive to 4pg. of Cd. 
Magnesium also gives the reaction. 

The addition of a saturated aqueous solution 
of 3 nitro 4 hydroxyphcnylarsomc acid to a 
solution of a cadmium salt in 10% acetic acid 
buffered with sodium acetate produces a yellow 
crystalline precipitate ( PaveLka .and Kolmer, 
Mikrochcm. 1930, 8, 277). This test, stated to be 
specific for Cd, detects 35/ig in one drop of 
solution. 

Calcium. — The liquid under test (neutral or 
acidified with acetic acid) is added to a drop of a 
saturated aqueous solution of picroloruc acid 
contained in the depression of a trorm spotting 
tile. In til© presence of Ca, characteristic 
rectangular crystals are produced, the test being 
sensitive to 0 Olpg. (Kisser, Jlikrochcm. 1923, 1, 
23). 

Chromium. — The solution under test, acidi. 
fied with acetic or sulphuric acid, is added to a 
drop of a 0 2% solution of dipheny lcarbazide in 
a mixture of 1 part of glacial acetic acid and 
9 parts of ethyl alcohol. The presence of 
chromate is indicated by the production of a 
violet colour. The test will detect 0 25/xg. 
Cr, Chromium salts should first be oxidised 
with bromine water, excess bromine being 
removed by phenol (Stover, J. Amer. Chem. 
Soc. 1928, 50, 2363). Other metals, including 
Ag. Hg, Cu, Pb, Ni, and Co, give colours. 

Cobalt. — A drop of the solution, neutral or 
only slightly acid, is placed on adsorbent 


paper, and a 0 03% aqueous solution of a nitroso 
/J naphthol rendered slightly alkaline with 
sodium hydroxide is added. A brown spot a 
produced in the presence of Co. The test «tU 
detect 0 005pg. Co (Feigl and Stem, Z. anal. 
Chem. 1921,60, 31). Cuprous salts do not inter- 
fere, but cupnc compounds, if present, must be 
reduced. The interference of Fe and U maybe 
obviated by first adding ammonium phosphate. 

Copper. — The test liquid is spotted on to 
adsorbent paper impregnated with a 2% 
alcoholic solution of a-benzom oxime and dried 
The presence of Cu is revealed by the formation 
of a green coloration on exposure to ammonia 
vapour. The test will detect 0 Ipg. Cu. The 
interference of other metals may be obviated 
by treating the test liquid with aramomacal 
tartrate (Feigl, Ber. 1923, 56, [B], 2083; Siikro 
chem. 1023, 1, 76). 

In the absence of Ag, Hg, and the noble 
metals, a 0 03% solution of p dimcthylamwo- 
benzalrhodarune serves as a delicate test for 
cuprous ions, with which it forms a violet 
coloration or precipitato in neutral or acid 
media. No colour is yielded by cupnc ions 
(Funakoshi, Mem. Coll. Sci. Kyoto, 1929, 12, 
155). 

Lead.— A drop of the solution is placed on 
adsorbent paper, followed by a drop each of 
1% aqueous pyridine solution and an aqueous 
solution containing 0-1% of gallocyamnc and 
0 1% of 6odium bicarbonate. Excess of the 
reagent u removed by washing with pyridine 
solution. A deep violet spot is produced by 
6pg. Pb. In the presence of Ag, Cu, Bi, and 
Cd the solution should be spotted on paper and 
foreign metals removed by washing with 
dilute sulphuric acid followed by alcohol. 
The paper is dried and the test applied (Pavelka, 
Mikrochem. 1929, 7, 303). 

Magnesium. — The liquid is rendered acid 
with hydrochloric acid and transferred to the 
depression of a porcelain tile, and a drop of a 
0 5% solution of jj-mtrobenzeneazoresoremo! 
in 0 25 A' NaOH is added. On rendering 
alkaline with sodium hydroxide, a sky-blue 
colour indicates the presence of Mg; Ca docs 
not interfere, but Be, AT, Zn, Cd, La, Co, ami 
Ni mask the reaction. The test will detect 
0 Oo^g. Mg, but for delicate work it is better to 
use a more dilute reagent solution (Suitsu and 
Okuma, J. Soc.’ Chem. Ind. Japan, 1926, 29, 
132; Ruigh, J. Amer. Chem. Soc. 1929, 51, 
1456 ; Engel, tbid. 1930, 52, 1812). Another 
reagent, used similarly, is p nitrohenzeneazo-o- 
naphthol. 

Mercury. — Adsorbent paper is impregnated 
with a freshly prepared saturated alcoholic 
solution of diphenylearbazone and then treated 
with a drop of the solution under test; the 
presence of mercury is shown by a violet-bluo 
spot. Pb, Cu, Sn, Cd, NI, and Co interfere, 
and Ag, Sb, As, Fe, Cr, Al, Mn, and Zn 
slightly impair the value of the test. The 
reaction of the solution influences the sensitivity 
which is at its maximum at p lt 7-8, when it will 
detect 0 J^g. Hg. Chlorides, bromides, iodides, 
and cyanides diminish the sensitivity (Feigl 
and Neuber, Z. anal. Chem. 1923, 62, 370; 
Cucuel, Mikrochem. 1933, 13, 321 tlitq ). 
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Nickel. — The liquid is rendered alkaline with 
dilute ammonia and a drop of a 10% alcoholic 
solution of a-furildioxime added ; the presence 
of Ni is indicated by a red coloration or pre- 
cipitate. The test will detect 0-02pg. Ni ; it is 
not disturbed by Ag, Cu, or by ferric iron, Cr or 
A I in the presence of ammoniacal tartrate 
solution. If Zn is present, ammonium chloride 
should first be added. Cobaltous ions depress 
the sensitivity and should be oxidised to 
cobaltic with hydrogen peroxide. Ferrous iron 
interferes ; it should be oxidised and alkaline 
tartrate added before applying the test (Soule, 
J. Amer. Chem. Soc. 1925, 47, 981 ; Harwood 
and Theobald, Analyst, 1933, 58, 673). 

Potassium. — A reagent solution is prepared 
by dissolving 0-2 g. of hexanitrodiphenylamine in 
20 c.c. of boiling 0-1 A'-N a„C0 3 , cooling and 
filtering. A drop of the neutral solution under 
test is placed on adsorbent paper and the 
reagent solution immediately added ; an 
orange-red fleck is produced which, in the 
presence of potassium, remains unchanged on 
the addition of two drops of 0-liY-HCI, but 
otherwise fades to a sulphur-yellow colour. The 
test will detect 30/ig. K and is applicable in the 
presence of 80 times as much Na and 130 times 
as much Li; Mg, Sr, Ca, and Ba do not 
interfere, but ammonium salts should be 
removed. Rb and Cs react similarly to K 
(Poluektov, Mikrochem. 1933-34, 14, 2G5). 

Silver. — The liquid is spotted on to adsorbenf 
paper and a drop of iY-HN0 3 added, followed 
by a trace of a 0-03% solution of p-dimetliyl- 
aminobenzalrhodanine in acetone. In the 
presence of Ag a reddish-brown spot is pro- 
duced, the test being sensitive to O Olpg. A 
similar colour is also given by Hg, Au, Pt, 
Pd, and cuprous ions. The final addition of a 
drop of 0-liV-HCI inhibits the reaction due to 
relatively large amounts of Hg without 
influencing the sensitivity for Ag. The inter- 
ference of Au, Pt, and Pd may be largely 
obviated by first adding a little potassium 
cyanide. 

Strontium. — See under Barium. 

Tin. — Adsorbent paper is impregnated with a 
saturated aqueous solution of cacotheline and 
the liquid under test is treated with hydro- 
chloric acid and zinc and then spotted on the 
prepared paper. The presence of Sn is indicated 
by a violet spot surrounded by a less coloured 
zone on the yellow paper. The test is sensitive 
to 2/tg. Sn. It cannot be applied in the 
presence of Ag, Cr, Co, Fe‘ -- , Hg, Co, Ni, 
Mo, or V ; antimonious compounds cause a 
slight interference, and titanous chloride reacts 
in tbo same way as stannous salts. Hypo- 
sulphites also react with the reagent, while 
sulphites, bisulphites, and selenites disturb 
the test (Louclis and Leuchs, Ber. 1910, 43, 
1042 ; Gutzeit, Helv. Chim. Acta, 1929, 12, 
720 ; Newell, Ficklen, and Maxfield, Ind. Eng. 
Chem. [Anal.J 1935, 7, 26). 

Titanium. — The liquid to be examined is 
placed on a tile or on adsorbent paper, and one 
drop of a 5% aqueous solution of sodium 
1:8 - dikydroxynaphthalene - 3:6 - disulphonatc 
(chromotropic acid) added. The formation of a 
reddish-brown colour indicates Ti, the test 
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being capable of detecting 5 fig. Hg, Ag, U, and 
Fe‘" also give colorations, but their inter- 
ference may be obviated by warming the liquid 
with a hydrochloric acid solution of stannous 
chloride, centrifuging, and adding the reagent to 
the supernatant liquid (Hofmann, Diss., Munich, 
1902; Tananaev and Patschenlco, ■ Z. anorg. 
Chem. 1926, 150, 163). 

Zinc. — A convenient quantity of the liquid is 
added to 1 c.c. of a 10% alcoholic solution of 
resorcinol containing one drop of ammonia 
solution and allowed to stand for some hours, 
a control being prepared simultaneously. In 
presence of Zn the solution changes first to 
golden-yellow, then to green, and finally to deep 
blue. The test is sensitive to 2pg. Zn, but its 
application is rather limited (Sensi and Testori, 
Annali Chim. Appl. 1929, 19, 383). 

Zirconium. — A drop of the acidified liquid is 
spotted on adsorbent paper impregnated with a 
solution of 0-1 g. of p-dimethylaminobenzene- 
azophcnylarsonic acid in 5 c.c. of concentrated 
hydrochloric acid and 100 c.c. of alcohol. Tbo 
presence of Zr is revealed by a brown fleck. 
If excess of reagent is removed by immersing the 
paper in 2Y-HCI warmed to 60°, it is possible 
to detect 1 fig. Zr; tantalum reacts similarly, 
and sulphates, phosphates, and fluorides 
interfere. Mo, W, Ti, and Sn also interfere, 
but a technique is available for use in presence 
of these metals (FeigI, Krumholz, and Rajmann. 
Mikrochem. 1931, 9, 395). 

Non-metals. 

Bromine. — Adsorbent paper, which has been 
impregnated with a dilute alcoholic solution of 
fluorescein and dried, is placed on the mouth of 
a micro-test tube containing the liquid to be 
tested mixed with acetic acid and lead dioxide. 
The tube is heated over a flame, and the 
presence of liberated bromine is revealed by a red 
spot on the paper due to the formation of eosin. 
The test will detect 2pg. Br. Iodine also forms a 
red spot due to erythrosin (Ganassini, Chem. 
Zentr. 1904, 1, 1172). 

Sulphur. — The substance to be examined, 
contained in a micro-test tube, is mixed with 
a trace of benzylimidodi-(p-methoxyphenyl)- 
methane, and the tube placed for 5 minutes in an 
oil bath at 210°C. After cooling, two drops of 
benzene are added, and in the presence of 
elemental sulphur the solvent will be coloured 
blue. If a crystal of mercuric chloride be 
added to the separated liquid, the blue slowly 
fades and the crystal becomes red or orange. 
The test will detect 100pg. of elemental sulphur, 
and does not react to sulphur in combination 
(Schonberg and Urban, Ber. 1934, 67, [BJ, 1999). 

Acid Radicals. 

Borates. — The liquid under test is evaporated 
to dryness in a porcelain crucible and a drop 
of a 0-005% solution of chromotropc 2B 
(sodium salt of p-nitrobenzencazoehromotropic 
acid) in concentrated sulphuric acid added to the 
warm residue. A colour change from blue- 
violet to greenish-blue indicates boric acid. The 
test will detect 5pg. H 3 B0 3 . The interference 
of oxidising substances may be obviated by 
adding a little hydrazine sulphate before 
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evaporating the test liquid to dryness (Koma- 
rovsky and Poluehtov, Mikroehem. 1933-34, 
14, 317). 

Cyanides. — Adsorbent paper is moistened 
with a mixture of equal parts of a 0 236% 
aqueous solution of normal copper acetate and 
benzidine acetate (475 e.c. of saturated solution 
diluted to 1 litre) and tied over the mouth of a 
small test tube containing the liquid under test 
mixed with dilute sulphuric acid. The presence of 
cyanides is indicated by the production of a bine 
colour, the test being sensitive to 0 25/ig. CN' 
(Moir, Chem News, 1910, 102, 17 ; Sievert and 
Hennsdorff, Z. angew Chem. 1921, 34, 3). 

Fluorides. — An excess of an alcoholic solu 
tion of alizarin is added to a 0 05% solution of 
Zr0 2 in dilute hydrochloric acid, and this 
solution used to impregnate adsorbent paper, 
which, after drying, is moistened first with 
50% acetic acid and then with a drop of the 
neutralised test liquid. The presence of fluondes 
is indicated by a yellow stain on the reddish 
violet paper which is rendered more pronounced 
by exposing it to steam. Sulphates, oxalates, 
and phosphates interfere. The test will detect 
8/ig F' (do Boer, Chem. Weekblad, 1924, 21, 404 , 
PavelKa, Mikroehem. 1028, 6, 149). 

Nitrates.— -A reagent is prepared by dis 
solving 0 0S5g of diphenylbenzidme in a mixture 
of 50 c,c. of water and 450 c c of sulphuric acid 
(nitrate-free). A capillary tube is half filled 
with the reagent, and then the liquid to be tested 
is drawn into the same tube. The presence of 
nitrates is indicated by a blue colour developing 
within 16 minutes, 0-1 part of NO s ' per million 
of solution being detectable (Hamence, Analyst, 
1935, 60, 532) The method is applied to the 
detection of added water m milk, the serum 
being prepared by adding 6 drops of a solution 
containing 20% of mercunc chloride and 5% of 
ammonium chloride in 20% of concentrated 
hydrochloric acid to 5 c.c of milk, shaking, and 
filtering off the serum, which is then tested for 
nitrate, which is present in water and totally 
absent from milk (Lcmgo, Analyst, 1930, 55, 
435 ; Monter-Wilbams, i&id. 1931, 56, 397). 

Phosphates. — The liquid under test is placed 
on adsorbent paper, followed by a drop of nitro- 
molybdate solution containing 15% of tartaric 
acid ; after warming over a flame, a 0 5% solu- 
tion of benzidine in 10% acetic acid is added, 
and the paper exposed to ammonia vapour. A 
blue colour indicates phosphates, the test being 
sensitive to 1 5pg. P t O. Arsenates and silicates 
do not react (Feigl, c. anal. Chem. 1929, 77, 
299). 

Silicates. — A drop of the solution under test 
is mixed with two drops of nitro-molybdate 
solution, the mixture centrifuged and the super- 
natant liquid gently warmed, cooled, then 
treated with two drops of 1% oxalic acid, a 
drop of 0 5% solution of benzidine in 10% 
acetic acid and a little saturated sodium 
acetate solution. The mixture is spotted on 
adsorbent paper and this is exposed to ammonia 
vapour, the presence of a silicate being indicated 
by a blue colour. The test will detect 6pg. SiQ, 
in the presence of 230 times as much PjOj 
(F eigl and Krumholz, Mikroehem., Pregl- 
Festschrift, 1029, 82). 
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QUANTITATIVE ANALYSIS. 

Gravimetric Methods. 

Most of the chemical elements are weighed in 
the form of one or other of their compounds 
although a few are estimated in the elementary 
condition. Compounds used for such determina 
tions should be stable, non-hygroscopic, and of s 
perfectly definite composition and insoluble m 
the solution in which they are formed and 
in excess of the reagent; they must be easily 
freed from impurities and capable of being 
brought into condition for weighing without 
tedious and complicated operations Further- 
more, they should contain only a small pro 
portion of the constituent to be estimated, since 
the effect of experimental errors is thus mini- 
mised For thi3 reason increasing use is made 
of organic reagents with large molecules or of 
complex inorganic compounds As an example 
may be cited the estimation of sodium as sodium 
zinc uranyl acetate in which the percentage 
of sodium is only 1-495 and, therefore, a little 
sodium gives a large weight of precipitate. 

It is, to day, impossible to generalise the 
methods of estimation, as the number of pro- 
cedures in use is far too great and too diverse 
A few of the more typical operations and 
separations are, however, briefly described. 

Precipitation as Sulphides. 

(a) With Hydrogen Sulphide — Estimations ss 
sulphides are avoided wherever possible, but 
separations as such are of considerable import- 
ance and, moreover, can bo carried out under 
varied conditions. Thus, variation of the 
hydrogen ion concentration leads to a separation 
of arsenic from antimony, bismuth, lead, zinc, 
etc., or of zinc from nickel, nickel from man- 
ganese. Certain metals can also be converted 
into complex ions unaffected by this reagent 
leading to separations of cadmium from copper 
in cyanide solution, antimony from tin in 
oxalic acid solutions, arsenic from germanium 
in hydrofluoric acid. For complete separa- 
tions careful adjustment of the p a value of the 
solution is often necessary, as an insufficient 
acidity will often lead to the co-precipitation of 
thallium, indium, gallium, vanadium, tungsten, 
or zinc with the copper or arsenic groups. 

(ft) With Allah or Ammonium Sulphide.— 
Ammonium sulphide is generally used, but some- 
times it is preferable to use sodium sulphide or 
hydrosulphide or sodium thiosulphate. Where 
the reagent is used to precipitate iron, zinc, 
manganese, etc , it is usual to add ammonium 
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chloride to prevent any precipitation of mag- 
nesium. If it is desired to prevent the precipita- 
tion of metals like aluminium which form 
hydroxides then tartaric acid must be present. 
Ammonium or alkali sulphides are also used to 
precipitate the copper in the presence of the 
arsenic group. 

Precipitation as Hydroxides. 

(а) With Ammonia. — Ammonia, especially in 
the presence of ammonium salts, is chiefly used 
for separating the members of the third 
analytical group from those of the later groups. 
For accurate results it is necessary to carry out 
the precipitations with due regard to the proper 
conditions for each case and, generally speaking, 
any appreciable excess of ammonia should be 
avoided. Organic compounds, borates, 
arsenates, phosphates, and vanadates interfere 
with this separation and must either be removed 
or other methods adopted. Hexamethylene- 
tetramine may replace ammonia, while it is 
sometimes advantageous to use weaker bases 
such as aniline or phenyl hydrazine. 

(б) With Suspensions of Carbonates. — Satis- 
factory separations are often obtained by shaking 
the solution with freshly precipitated barium or 
calcium carbonate. Cadmium carbonate has 
also been used for removing ferrous iron from 
chromium and vanadium. 

(c) By the Basic-Acetate Method . — This 
method, less used than formerly, is carried 
out by neutralising the solution as far as possible 
without producing a permanent turbidity and 
adding sodium acetate to the hot solution and 
boiling for 3 minutes. The precipitate is 
filtered as soon as it has settled and should not 
be allowed to cool or some of it may redissolve. 

In certain eases a better precipitate is obtained 
by hydrolysing with ammonium nitrite and 
methyl alcohol (see Beryllium). 

Precipitation with Organic Reagents. 

(a) Cupferron (ammonium A T -nitrosophcnyl- 
hydroxylamine). — This reagent, generally used 
as a 6% aqueous solution, provides quantitative 
separations of iron, vanadium, zirconium, 
titanium, tin, niobium, tantalum, and quadri- 
valent uranium from aluminium, beryllium, 
phosphorus, manganese, nickel, and hcxavalent 
uranium. Precipitations aro generally carried 
out in cold acid solutions. The precipitates aro 
unsuitable for weighing as such but are easily 
ignited to the oxides. Excepting uranium, the 
metals should be in their higher valencies, while 
the solution usually contains about 10% (by 
volume) of sulphuric acid, although with uranous 
salts a lower acidity is necessary. 

(b) 8-Hydroxyquinoline (Oxine). — Oxine gives 
precipitates with a largo number of metals and is 
a useful quantitative reagent. By suitably 
choosing the experimental conditions many 
valuable separations are also possible. Thus in 
ammoniacal solution it provides a clean separa- 
tion of magnesium from the alkali metals. In 
acetic acid-acetate solutions it removes alumi- 
nium from magnesium and beryllium, while in 
nmmoniacal-hydrogen peroxido medin the 
previously mentioned metals may be separated 
from molybdenum, vanadium, titanium, nio- 
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bium, and tantalum. Ammoniacal ammonium 
carbonate prevents the precipitation of uranium. 
The reagent is used in alcoholic or acetic acid 
solution. 

The oxine precipitates may often be weighed as 
such, but it is generally preferable to dissolve 
them in hydrochloric acid and titrate the solution 
with bromate-bromide (see Volumetric 
Analysis, p. 650). 

(c) Quinaldinic Acid . — Like oxine, quinaldinic 
acid gives insoluble salts (or basic salts) with 
many metals, but the right choice of conditions 
enables separations to be made. Thus copper 
may be separated from Cd, Pb, Hg, Mn, Ni, 
Co, P0 4 "', AsO,"', by precipitation in hot 
dilute sulphuric acid solution. Zinc in dilute 
acetic acid may be separated from manganese 
and the alkaline earths, while the presence of 
alkaline tartrate also prevents precipitation of 
Fe‘", Al, Be, Ti, and U (Ray and • others, 
Z. anal. Chem. 1933, 95, 400; 1935, 100, 324; 
Mikrochem. 1935, 17, 11). 

Gravimetric Determination of the 
Elements. 

Lithium . — When present alone lithium is best 
estimated as sulphate, though precipitation as 
phosphate or fluoride may also be used. The 
last two methods give fair separations from 
other alkali metals, but where these are present 
the lithium is best removed by taking advantage 
of the solubility of certain of its salts in organic 
media. Thus from a mixture of the anhydrous 
chlorides the lithium salt may be separated by 
means of dioxan, acetone, amyl alcohol, iso- 
butyl alcohol, or pyridine. In each case the 
solvent must be perfectly dry, although when 
acetone is used one drop of concentrated hydro- 
chloric acid is added to prevent the formation of 
lithia. 

Theso extractions are best carried out by 
the procedure advocated by Sinka for dioxan 
(Z. anal. Chem. 1930, 80, 430). The weighed 
mixture of alkali chlorides is placed in a 
sintered glass crucible which is suspended 
just above the surface of the solvent in a 
suitable flask fitted with a reflux condenser, 
and the liquid is gently boiled for some hours. 
The condensate drips into the crucible and 
.effectively extracts the lithium chloride, which is 
determined by the loss in weight of the crucible 
and, if necessary, by estimation of the dissolved 
salt either ns sulphate or volumetrically with 
silver nitrate (Brown and Reedy, Ind. Eng. 
Chem. [Anal.], 1930, 2, 304; Gooch, Chem. News, 
1887, 55, 78; Winkler, Z. anal. Chem. 1913, 52, 
G28 ; Kablenberg and Krauskopf, J. Amer. 
Chem. Soc. 1908, 30, 1104; Moser and Schutt, 
Monntsh. 1929, 51, 23). 

Yagoda recommends the extraction of lithium 
bromide with isoamyl alcohol, in which case 
magnesium, strontium, calcium, and lithium 
alone of the alkali and alkaline earth bromides 
dissolve. Conversion into the nitrates and 
ignition removes magnesium as oxide, while 
strontium is separated by virtue of the insolu- 
bility of its nitrate in isoamyl alcohol. Calcium 
is then precipitated as oxalate and lithium as tho 
stearate (J. Amer. Chem. Soc. 1930, 52, 3068; 
1932, 54, 984). 
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Lithium may also be separated from the other 
alkali metals by extracting the perchlorates with 
ethyl acetate and n butyl alcohol (1 s 1) (Smith 
and Ross, J. Amer. Chem. Soc. 1925, 47, 1020), 
but Moser and Schutt (I c.) state that this method 
gives low results. 

A solution of sodium arsenate with excess of 
ammonia and enough alcohol to produce a faint 
turbidity gives a pink precipitate with lithium; 
other alkali metals do not interfere, while 
magnesium may bo previously removed with 
sodium arsemto (Caspar y Ama|. Ann. Chun. 
Analyt. 1933, (u), 15, 193). Magnesium is, 
however, best removed with 8 -hydroxy quinoline 
(Moser and Schutt, I.e.). 

Sodium. — Sodium may bo estimated as 
sulphate or, if potassium is present, as chloride; 
in the latter case the potassium is determined 
as pi a tim chloride and the sodium found by 
difference. 

A useful method for sodium and one which 
accomplishes a fair separation from other alkali 
metals is by means of zinc (or magnesium) 
uranyl acetate, whereby a crystalline pre- 
cipitate of the triple salt, 

NaM(U0 1 ) 3 (C t H 3 O t )g,6H20, 
is obtained (M = Zn or Mg). This precipitate, 
although soluble in water, is insoluble in excess 
of tho reagent or in alcohol or ether The zinc 
uranyl acetate is made by dmolx ing 200 g. of 
zinc acetate and 70 g of uranyl acetate in GO ml 
of ghcnl acetic acid and 940 ml of water, 
the solution being filtered after standing for 
Bomo hours at room temperature. The neutral 
sodium solution containing not more than b mg. 
of tho metal per ml. is treated with ten times its 
volume of reagent and the mixture allowed to 
stand for one hour with occasional stirring 
Tho precipitate is filtered through a sintered 
glass crucible, washed five tunes with 2 ml. 
portions of the reagent, then with alcohol 
saturated with tho triple acetate and finally with 
ether. It is weighed after drying for 15 minutes 
at 40°. 1 g. of the zinc triple s.ilt= 14 95 mg 
Na. 

Kahanc (Cull. Hoc clnm. Jl)')3, [iv], 53, 557) 
suggests the following as the best magnesium 
reagent: uranyl acetate 25 g, magnesium 
acetate J50 g , acetic acid 780 g., and enough 
water to ra.iko up to one litre. Using tlm 
it is only necessary to take a \ olumo equal to 
that of the solution while it gives no pre- 
cipitate with less than a 10% solution of 
potnssium chloride or a 1% solution of lithium 
chloride. Phosphates and oxalates interfere in 
these estimations. (Zn salt. — KolthoIT, Z. 
anal. Chem. 1927, 70, 397 ; Barber and Kolthoff, 
J. Amer. Chem. Soc. 192.S, 50, 1G23; 1929, 51, 
3233; Mg sal/: Kolthoff, Pharm Wcckblad, 
1923, 60, 1251 ; Coley and others, J. Amer. 
Chem. Soc. 1929, 51, 1604 ; 1930, 52, 41, 1349; 
1932, 54, 1 344 ; Ind. Eng. Chem. (Anal.] 1934, 6, 
202; Kahanc, Bull. Soc. chim. 1930, (iv), 47, 
382 ; N1 tall : Fcldstcip and Ward, Analyst, 
1931,56,245.) 

Various volumetric methods of estimating 
tho triple acetate precipitates have also been 
recommended. 

Potassium. — This third member of the alkali I 


group is usually estimated as sulphate, platmi- 
chloride, perchlorate, or less successfully &s 
cobaltmitnte. 

(a) Plalinichloride Method . — When sodium (or 
lithium) is present the determination is made as 
follows. A weighed mixture of the chlorides 19 
dissolved in a little w ater and sufficient platim- 
clilonc acid added to convert them completely 
into the complex salts. The mixture is then 
evaporated in a porcelain basin nearly to dryness 
and the residue extracted with alcohol (80-83%), 
which is decanted through a small filter paper; 
the extraction is continued until the residue is 
golden-yellow and shows no orange red colour. 
The residue and filter paper are dried separately 
and any precipitate on the paper is dissolved in a 
little warm water, the solution being caught in a 
weighed platinum crucible or dish, after which it 
is ev aporated to dryness. The platinichlonde in 
tho dish is now added with the aid of a little 
water, the solution again evaporated, and tho 
salt is finally dried at 130° for one hour. 

When potassium alone is present it is usual 
to add a few drops of hydrochloric acid before 
precipitation, but otherwise the procedure may 
bo carried out as above. 

It has been usually stated that the potassium 
must be in the form of chloride and that metals 
of the other analytical groups must be absent, 
butO‘Lcaryandl'npish(Ind Eng Chem [Anal], 
1934,6, 107) state that potassium, rubidium, or 
escsium may bo quantitatively precipitated in 
alcohol without contamination even in the 
ptcscncc of fair amounts of sodium, aluminium, 
iron, or manganese provided all the metnls are 
present as nitrates. 

Instead of weighing the platinichlonde, it 
may be dissolved in water and reduced with 
magnesium ribbon and hydrochloric acid to 
platinum, which is weighed About 0 5 g of 
magnesium is requued for every 02 g of 
potassium present and before filtration the mix- 
tuic H boiled with a few ml. of acid to dissoho 
any bv*io magnesium salts (Hicks, Ind. Eng. 
Chem 1913, 5, G50 ; Wells, Bailey, and Fair- 
child, tbul. 1924, 16. 935). 

(b) .Is Perchlorate, KC I O,,.— This method *l«o 
801 v cs ns a separation from sodium and lithium 

The mixed chlotidcs are converted into per- 
chlontes by evapoiating to dryness twice with a 
few inL of (i0% perchloric acid at a temperature 
not exceeding 350°. The residue is extracted with 
absolute alcohol containing 0 2% perchloric acid 
and the extract decanted through a sintered glass 
or Gooch crucible. The residual potassium 
perchlorate may now cither be transferred to 
the crucible with the aid of absolute alcohol 
saturated with potassium perchlorate or, for 
greater accuracy, it may be dissolved in water, 
evaporated to dryness with a little perchloric 
acid, and the extraction repeated before finally 
tran^fernng to the crucible. Tho prccipitatew 
dried at 120 3 (Baxter and Kobayashi, J. Amer. 
Chem. Soc. 1917,39,249; Baxter and Ituppcrt 
tbvl. 1920, 42, 2046). 

A mixture of butyl alcohol and ethyl acetate 
may be used instead of alcohol and in some nays 
« to be preferred (Willard and Smith, J. Amer. 
Chem. feoc. 1922, 44. 28 IG; 1923, 45, 293; 
I Smith and Rosa. ibid. 1925, 47, 774, 1020). 
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Neither the platinichloride nor perchlorate 
method is entirely satisfactory when the per- 
centage of sodium present is considerable, but 
Smith and Gring (J. Amer. Chem. Soc. 1933, 55, 
3957) claim that it is possible to estimate 0-15% 
of KCI in NaCI by a combination of these 
methods. A solution of the perchlorates, con- 
taining not more than the equivalent of 1-6 g. 
of sodium chloride per 100 ml. in 95% aqueous 
ethyl alcohol is treated with platinichloric acid 
(0-2 g. per 100 ml. of solution) in the same 
medium. After digestion, the mixture is kept at 
0° for one hour, filtered, washed once with 95% 
alcohol and then with absolute alcohol. The 
precipitate is then determined as either K 2 PtCI 6 
or Pt. 

Rubidium and Caesium. — The three alkali 
metals potassium, rubidium and csesium so 
closely resemble each other that the task of 
obtaining even qualitative separations is not 
easy, while entirely accurate quantitative 
determinations of them have not yet been 
made. 

Qualitative separations of potassium may be 
effected by : 

(а) Fractional precipitation with platinichloric 
acid and strong hydrochloric acid (Robinson, 
Ind. Eng. Chem. 1918, 10, 50). 

(б) Precipitation of caesium and rubidium as 
stannichloride, a method commonly used in 
qualitative analysis but which under quantitative 
conditions causes co-precipitation of potassium 
(Moser and Ritschcl, Z. anal. Chem. 1927, 70, 
184; Burkser, Milgevskaja, and Feldman, Z. 
anal. Chem. 1930, 80, 264). 

(c) Sodium silicomolybdate has also been used 
technically to separate rubidium and csesium 
from potassium (Jander and Busch, Z. anorg. 
Chem. 1930, 187, 165; 194, 38; Moser and 
Ritschel, Monatsh. 1925, 46, 9). 

The separation of csesium from rubidium or 
potassium may bo quantitatively accomplished 
with silicotung8tic acid in GN -hydrochloric acid 
(O’Leary and Papish, Ind. Eng. Chem. [Anal.] 
1934, 6, 107). The double compound with 
bismuth iodide, Cs 3 Bi 2 I 9 , has also been re- 
commended by Tananaev and Harmasch 
(Z. anal. Chem. 1932, 89, 256), but Feldmann 
{ibid. 1935, 102, 102) states that the method 
docs not givo accufnto results. Various com- 
plexes with antimony chloride, especially the 
one with ferric chloride, have also been used 
(Strecker and Diaz, Z. anal. Chem. 1925, 67, 
321). . 

Potnssium and rubidium may be qualitatively 
separated from csesium by means of their 
sparingly soluble picrates, acid tartrates, or 
6-chloro-5-nitrotoluene-3-sulphonates. 

O’Leary and Papish (l.c.) have recently 
described a scheme for the quantitative separa- 
tion and estimation of the three alkali metals 
which appears to be reasonably accurate. Use 
is mado of luteo-pliosphomolybdic acid (9- 
phosphomolybdic acid) which when added to a 
solution of the mixed chlorides in boiling nitric 
acid (3-5A’) precipitates the rubidium and 
caesium only, provided that the amount of 
potnssium chloride does not exceed 1 g. per 100 
ml. of solution. The potnssium in the filtrate 
mny be estimated in the usual way. 


The phosphomolybdate precipitate is then 
dissolved in dilute alkali, the solution saturated 
with hydrogen sulphide and made just acid with 
nitric acid, when the molybdenum is precipitated 
as sulphide and filtered off. The csesium in the 
filtrate is then precipitated as silicotungstate in 
6N-HCI, though it is more satisfactory first to 
concentrate the two alkali metals as their platini- 
chlorides and then to effect the separation. The 
csesium is not weighed as silicotungstate but is 
converted into the platinichloride. For this 
purpose the precipitate is dissolved in sodium 
hydroxide, made faintly acid with nitric acid, 
and mercurous nitrate added to remove the 
silicotungstic acid as the insoluble mercurous 
salt. Excess mercurous nitrate is oxidised to 
mercuric nitrate, which is soluble in alcohol and 
does not interfere with the platinichloride 
precipitate. 

The rubidium in the filtrate is also estimated 
as platinichloride. 

Alkalis in Rock Analysis. — Two methods 
are available for the general treatment of rocks 
or ceramics in the determination of their alkali 
content. The first of these, due to Berzelius, 
consists in attacking the material with hydro- 
fluoric and sulphuric acids followed by removal 
of all metals except the alkali group and by 
conversion of the sulphates to chlorides. The 
second procedure, that of J. Lawrence Smith, 
is the one most commonly adopted, and here the 
substance is decomposed by heating with 
ammonium chloride and calcium carbonate. 
It is then only necessary to remove calcium 
and any sulphate which may have been present. 

(a) Lawrence Smith Method .— The finely 
powdered sample (1 g.) is intimately mixed with 
an equal weight of ammonium chloride and 
with eight times its weight of dense granular 
calcium carbonate, and heated in a tubular 
platinum cruciblo fitted with a cap. The 
ignition is made very gently at first until no 
more ammonia is evolved and then strongly for 
40-60 minutes. The product is digested 
with 50 ml. of water in a platinum basin until 
the solution is saturated with calcium hydroxide, 
when it is carefully decanted, after settling, 
through a filter paper. The extraction is 
repeated three times and the residue and filter 
paper finally washed with 50-100 ml. of hot 
water or a hot saturated solution of calcium 
hydroxide, depending on whether little or much 
magnesium is present. The combined filtrate 
is now reduced to 100 ml., filtered if any 
magnesium separates, and the bulk of the 
calcium removed ■with ammonia and ammonium 
carbonate, double precipitation being used. 
The last traces of calcium are removed as 
oxalate and the final liquor evaporated to 
dryness -with a little hydrochloric acid to 
decompose any alkali carbonate which may have 
been formed. Ammonium salts are removed by 
ignition and the alkali chlorides weighed 
(Hillebrand and Lundell, “ Applied Inorganic 
Analysis,” p. 787 ; van Tongeren, Z. anorg. 
Chem. 1934, 218, 252 ; Lamar, Hazel, and 
O’Leary, Ind. Eng. Chem. [Anal.], 1935, 7, 
429). 

(b) Method of Berzelius . — In this treatment the 
mineral, which need not be so finely ground as 
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for the preceding method, is heated In a smili 
platinum basin with hj drofluonc and sulphuric 
acids until no gritty particles are felt on 
stimng with a stout platinum wire. The 
greater part of the sulphuric acid is then 
expelled, care being taken to see that all the 
hydrofluoric acid is removed. The cooled 
residue is extracted with water, the sulphate 
removed with banum chlonde, and, without 
filtering, the mixture is eraporated to dryness 
Extraction with hot water is now followed 
by the addition of barium hydroxide and, m 
order to render the magnesium precipitate 
less soluble, again evaporated to dryness with- 
out filtering. This residue is now filtered with 
the aid of a little water and well washed with 
banum hydroxide solution. Excess of barium is 
removed with ammoma and ammonium 
carbonate, the filtrate evaporatpd to dryness 
and heated gently to remove ammonium salts 
The residual alkali chlondes are again treated 
for the removal of banum, taken to dryness, and 
gently ignited Any traces of magnesium 
present can either be determined later or can 
probably be removed with 8 hydroxyquinoline 
(ace under Lithium) or as magnesium ammonium 
phosphate. 

The further analysis of the mixed alkali 
chlondes is then conducted as set out under the 
separate metals 

Other methods, less used than the preceding, 
employ bone, lead, or bismuth oxides as 
decomposing agents 

Copper. — Copper may be separated from the 
metals of the later analytical groups by pre- 
cipitation as sulphide in dilute acid solution 
Item oval of the arsenic group is accomplished 
by digesting the sulphide with sodium hydroxide 
and sodium sulphide Hydrogen sulphide pre- 
» cipitatcs cadmium and bismuth but not copper 
from solution containing potassium cyanide. 

Many organic reagents have been advocated 
for the determination of copper in the presence 
of other metals Thus nitroso-/}-naphthoI 
quantitatively precipitates copper from very 
dilute hydrochloric acid solution of the chlonde 
and sulpha tj while Cd, Pb, Hg, Mn, Zn, Ni, 
and Mg remain in solution. 

Salicylaldoximo ran also be used to determine 
copper in the presence of Zn, Ni, Co, Fe'", 
Ag, Hg”, Bnd As'" ions. The reagent (I g. 
in 5 ml of alcohol and 95 ml. of hot water) 
is added to a solution of copper slightly acid with 
acetic acid at room temperature, the precipitate 
filtered, well washed with water, and dried at 
105°, The complex contains 18 95% Cu 
(Ephraim, Her. 1930, 63, 1028) Astin and 
Riley (J.CS. 1933, 314) state that an alcoholic 
solution of equivalent amounts of sabcylalde- 
hyde and hydroxy lamine hydrochloride may 
replace sahey laldoxime. 

Estimation of Copper. — (a) As CuCNS. 
160 ml. of a warm or hot aulphunc acid solution 
containing 01 g. of copper is treated with a 
saturated solution of sulphur dioxide in excess 
or with 2 g of sodium sulphite. After a short 
while on a steam bath, most of the free acid is 
neutralised with sodium hydroxide (any 
turbidity is cleared with a few drops of acid 
and a 3-4-fold excess of ammonium thio- 


cyanate in a solution of sulphur dioxide m 
added. After standing for some hours the 
precipitate 13 filtered, washed with cold |% 
ammonium sulphate followed by 20% alcohol 
and dried at 110°., 

In the presence of tartaric acid (2-3 g ) this 
method provides a separation from Bi, Sb, Sn, 
As. Fe, Ni, Co, Mn,Zn,aml Cd, but tellurmm, 
selenium, lead, mercury, and the precious metals 
interfere (Demo rest, Ind. Eng. Chem. 1913, 5, 
2IG). If hydroxy la mine sulphate, in the 
presence of much ammonium chloride, is u«ed 
as reducing agent, then mercury does not inter- 
fere (Krauss, Z. nngew Chem 1927, 40, 354). 

(6) Il’ith Oxrne . — Working in tartrate-sodium 
hy droxide solutions, copper may be estimated in 
the presence of most metals excepting Zn, 
Cd, Mg, and Fe", while a separation from 
Cd, Mg, and Be js achieved in acetic acid 
media 

In the former case the copper is precipitated 
from 0 2Al-sodium hydroxide containing 5 g of 
sodium tartrate per 100 ml, of solution while in 
the latter case the solution contains 5% of sodium 
acetate and 10% of acetic acid. The reagent is a 
2% alcoholic solution and the precipitate is 
washed with hot water and dried at 110°. 
CulCpHjON), contains J8 0S% Cu (Berg, 
Z. anal. Chem 1927, 70, 341 , Calvert, Compt. 
rend 1932, 195, 148) 

(c) H’t/h Quinaldintc Actd — To 150-160 cc. 
of the neutral copper solution (0 01 to 0 04 g. 
Cu) is added 2-5 c c of 2A’ sulphuric acid and 
the liquid boded The sodium Salt of the 
reagent (about 4% solution) is then added drop 
by drop until precipitation is complete After 
standing for some minutes the green copper 
quinaldinate is filtered, washed with hot water 
first by decantation and then on the filter 
crucible, dried at 125'“, and weighed 
(C, 0 H,OjN) t Cu,H z O contains 14 96% Cu. 
This method may be conducted in the presence 
of Cd, Pb, Mn, Ni, Co, P0 4 "\ AsO t "', and 
As 0 3 '" ions (Ray and Bose, Z. anal. Chem. 
1933, 95, 400). 

A rapid method of estimating copper is based 
on the Spacu reaction, that la the formation 
of Cu(C s H s N) t (SCN), with pyridine and 
ammonium thiocyanate (Spacu and Dick, ibid. 
1927, 71, 185 ;• Golsc, Bull. Soc. chim. 1931, 
(iv), 49, 84). 

Silver. — The only gravimetric estimation of 
silver that need be considered is that based on 
its precipitation as chloride in dilute nitric acid. 
Lead, cuprous, palladous, mercurous, and 
thallous ions interfere as do cyanides and thio- 
sulphates, while the hydrolysis of antimony and 
bismuth salts also prov ides a disturbing feature. 
The oxidation of univalent copper, mercury, and 
thallium derivatives prevents their interference 
and the same process serves to destroy cyanides 
and thiosulphates. Palladium, antimony, and 
bismuth can usually be remov ed by repeatedly 
dissolving the silver chlonde in ammonia and 
reprecipitating with mtnc acid. Bismuth 
may also be separated by pnor precipitation 
with cupferron. Lead may be removed by 
depositing silver chlonde from dilute solutions; 
alternatively, lead may be precipitated bv 
ammonium phosphate from aweaUyammomacal 
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solution containing ammonium tartrate (Vort- 
mann and Heclit, Z. anal. Chem. 1925, 67, 
270), or as carbonate by passing carbon dioxide 
into a dilute pj’ridine solution (Jilek and Kota, 
Coll. Czech, Chem. Comm. 1933, 5, 396). 

The silver estimation is carried out as follows, 
care being taken to protect the silver chloride 
from exposure to light. 

The solution, containing about 0-1 g. of silver 
in 100 ml. of dilute nitric acid (I : 99), is treated 
with hydrochloric acid or a soluble chloride at 
70° with constant stirring until the precipitant 
is present in slight excess. The mixture is 
kept warm until the precipitate settles and is 
then left for some hours. The silver chloride is 
filtered on to a filter crucible, washed with 
0 01 N -hydrochloric acid, and dried first at 100° 
and then at 130°, 

G. and P. Spacu have recommended the use of 
various co-ordination compounds of cobalt and 
copper for the estimation of silver (Z. anal. 
Chem. 1932, 90, 182; Bui. Soc. StiinteCluj, 
1934, 7, 508). 

Gold. — Gold is easily separated from prac- 
tically all other elements by reduction in 
hydrochloric acid solution with sulphur dioxide ; 
the interfering elements are selenium and 
tellurium, which are also precipitated, and lead 
and the alkaline earths, which give precipitates 
with the sulphate formed by oxidation of the 
sulphurous acid. Small quantities of the 
platinum metals may also be carried down if 
present in considerable amounts. 

Gold may also bo easily separated as auric 
chloride by extracting the latter with ethyl 
acetate from dilute hydrochloric acid solution ; 
mercuric chloride is also extracted, but can be 
removed by shaking the extract with 3A r - 
ammonium chloride. 

After precipitation of the metal, gold may be 
separated from selenium and tellurium by 
treating with nitric acid when the last two 
dissolve. If the reduction is carried out by 
nitrous acid in a (MSN-HCI solution buffered 
with Rochelle salt to p n >l, or by ferrous 
sulphate in Odl-O-O A'-hydrochloric acid, then 
tellurium {and selenium ?) is not reduced (Len- 
her, Smith, and Knowles, jun., Ind. Eng. Chem. 
[Anal.], 1934, 6, 43). 

The method of estimating gold by reduction 
with sulphur dioxide is carried out as follows. 
The gold solution in about 0-3-0'5iV-hydro- 
ehloric acid, and not containing more than 0-5% 
of the motal, is treated with considerable excess 
of saturated sulphur dioxide solution. It is 
digested for some time on a steam bath, a few 
millilitres of sulphurous acid added, and allowed 
to cool. Filtration is effected through a fine 
filter paper and washing with hot dilute 
hydrochloric acid followed by hot water. If 
platinum metals were present the gold is 
dissolved in aqua regia, evaporated several 
times to dryness with hydrochloric acid and then 
reprecipitated either as above or with oxalic acid. 

Beryllium. — Most beryllium minerals may 
be broken down by fusion with sodium carbon- 
ate, while a few of the phosphatic rocks can be 
attacked by aqua regia. 

Until comparatively recently beryllium was 
difficult to separate from other metals and the 


usual method of determination by precipitating 
with ammonia in the presence of ammonium 
chloride or nitrate was unsatisfactory owing to 
the gelatinous nature of the precipitate and its 
tendency to adhere to the walls of the vessel. 

Moser and his co-workers have, however, 
evolved a method whereby the hydroxide may be 
obtained in an easily filtered, compact form. 
The beryllium is precipitated from neutral 
solutions by heating with ammonium nitrite 
and methyl alcohol at 70°, a current of air being 
passed through the solution. The precipitate is 
filtered, washed with hot water, and ignited 
to BeO, as the latter is hygroscopic the 
crucible should be weighed in a tared weighing 
bottle. 

This method provides a separation from all the 
metals of the later analytical groups (4, 5, and 6) 
excepting barium, which should previously be 
precipitated as sulphate ; cadmium and 
thallium also do not interfere (Moser and 
Singer, Monatsh. 1927, 48, 673 ; Moser and 
List, ibid. 1929, 51, 181). 

For separation from aluminium, chromium, 
ferric iron, thorium, zirconium and titanium, 
the above authors recommend the use of tannin, 
which precipitates these metals from acetic 
acid solution, whereas beryllium isonly deposited 
on the addition of ammonia. 

A neutral solution (300-500 ml. depending on 
amount of aluminium, etc., present) containing 
30-40 g. ammonium acetate and 20 g. ammonium 
nitrate is treated with 15-25 ml. of 2A'-acetio 
acid. The solution is boiled and enough 10% 
aqueous tannin, or 3% tannin in saturated 
ammonium acetate, to precipitate the metals 
completely is added. The tannin adsorption- 
complex is filtered by suction, washed with 
dilute ammonium nitrate solution and dissolved 
in a little hot dilute sulphuric acid. The 
resulting solution is neutralised with ammonia 
and the precipitation repeated. The beryllium 
in the filtrate is then precipitated by adding ten 
times as much tannin (in 10% aqueous solution) 
as there is beryllia present followed by ammonia 
drop by drop until no more of the complex is 
deposited. Filtration with suction through a 
hardened paper is followed by washing with 
hot water and ignition of the precipitate with 
the aid of a little nitric acid. The beryllium 
oxide is weighed using the precautions men- 
tioned above. 

In the separation of ferric iron by the preceding 
method, a little hydrogen peroxide is added to 
prevent reduction to the ferrous state by the 
tannin. 

The separation of aluminium (and of copper) 
may be accomplished by precipitation with 
8-hydroxyquinoline in weakly acid acetate 
solution. In the presence of tartaric acid ferric 
iron can also be removed by this reagent 
(Kolthoff and Sandell, J. Amer. Chem. Soc. 
1928, 50, 1900; Niessner, Z. anal. Chem, 1929, 
76, 135). 

Beryllium can also be separated from ferric, 
thorium, zirconium, thallous, cupric, chromate, 
molybdate, arsenite, antimonite, vanadate, 
tungstate, and uranyl ions by precipitation as 
basic carbonate with guanidine carbonate in 
slightly acidic media or in exactly neutral 
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solution if VO," or WO," is present (Jflek and 
Kota, Z. anal. Chem. 1932, 89, 345). 

Magnesium. — The separation of magnesium 
from the metals of the first four analytical 
groups is straightforward, though in the pre- 
cipitation of aluminium with ammonia and 
ammonium chloride care must bo taken to ensure 
that the precipitation takes place in. exactly 
neutral solution, otherwise co-precipitation may 
take place. 

The use of 8-hydroxyquinoline (oxine) 
enables magnesium to he estimated in the 
V presence of the alkali and alkaline earth metals, 
but double precipitation 13 necessary w hen calcium 
is present or if the magnesium is accompanied by 
cona’derable amounts of strontium or barium. 

Magnesium is usually separated from calcium 
by removia® the latter as oxalate. It is 
necessary to and sufficient ammonium oxalate 
to convert both metal; into their oxalates, since 
the calcium salt is somewhat BOluble m mag- 
nesium chloride solution. Also reprecipitation is 
recommended for exact work. This method is 
unsuitable when the amount of calcium present 
is veiy small. In such cases the calciom is 
precipitated as sulphate from 75% alcohol, 
although this presupposes the absence of alkali 
metals with sulphates somewhat insoluble in 
alcohol. These may bo removed by first pre- 
cipitating the calcium and magnesium as 
phosphateB. 

Estimation ok Magnesium with 8-Hydboxy- 
QumouxE. — The faintly acid boding solution 
containing 5-10 g. ammonium acetate is treated 
successively with a 2% solution of the reagent in 
2A'-acetic acid and strong ammonia until the 
solution is alkaline. The precipitate la allowed 
to settle, filtered through & Gooch or sintered 
glass crucible, washed with hot water, and dried 
at 105° or at 130°. At the former temperature 
the complex is a dihydrate containing 6 98% 
magnesium ; the anhydrous substance obtained 
at 130° contains 7 78% magnesium. Alter- 
natively the complex may be determined volu- 
metncaliy ( see Volumetric Analysis, p. 650). 
If it is desired to reprecipitate, then the precipi- 
tate, before drying, is dissolved m the least 
possible quantity of hydrochloric acid, 2 g. of 
ammonium acetate added together with a few 
drops of the reagent and the mixture heated to 
boiling (Berg, Z. anal. Chem. 1927, 71, 23 ; 
Hahn and View eg, ibid. p. 122). 

If iron and aluminium are present they may be 
removed by a preliminary precipitation with 
oxine under slightly acid conditions (p H 6-6) 
(Berg, l.c., p. 3G9; Hahn and Vieweg, l c. ; 
Javilker and Lavoliay, Bull. Soc. Chim. biol. 
1934, 16, 1531). 

Estimation as PYEOpnosPriATE. — In this 
estimation of magnesium, which is not entirely 
satisfactory, although it has been investigated 
by many workers, the metal is precipitated as 
magnesium ammonium phosphate, 
Mg(NH l )P0 4 ,6H,0, 

which is subsequently ignited to Mg,P,0,. 
Alkaline earth metals interfere, as also do the 
alkali metals if present in considerable amounts ; 
reprecipitation will, however, ensure the removal 
of the latter. 


The neutral solution, eontainingnot more than 
0 1 g. of magnesia, is treated with a few drops of 
methyl red followed by 5 ml. of hydrochloric acid 
(<f I-I G), and the volume made up to 150 ml. A 
saturated solution of diaramonium hydrogen 
phosphate (10 mL) is added, the solution cooled 
to 0° and strong ammonia added carefully 
until neutrality is reached. After stirring for 
five minutes, a further 5 nd. of ammonia ore 
added, stirring being continued for another 
10 minutes, after which the mixture is left for 
4 hours. The precipitate is filtered, washed 
with 0 SiY-ammonia, dried, and ignited at 
1,000° to constant weight. 

Calcium. — Estimation as the oxide, after 
precipitation as calcium oxalate, is the method 
most frequently used. It is necessary to removo 
most other metals though small amounts of 
barium and moderate amounts of magnesium or 
alkali metals do not interfere if double pre- 
cipitation is carried out. No difficulties are 
experienced m separating the members of the 
previous analytical groups pronded no sul- 
phates, fluorides, or phosphates are present 
The usual separations of calcium from mag- 
nesium have already been dealt with; others 
which have been used depend on the pre- 
cipitation of calcium (a) with ammonium 
molybdate [tee below) ; (6) with sodium tung- 
state (Mousscron and Bouissou, Bull Soe Chim 
biol. 1930, 12, 482), (c) with picrolonic acid 
(Dworzak and Reich Rohrwig, Z anal Chcra 
1931, 86, 98). These methods may also be used 
for micro determinations of calcium 

Strontium and barium are usually separated 
from calcium by taking advantage of the 
solubility of calcium nitrate in alcohol and 
ether (1:1), concentrated nitric acid or wobutyl 
alcohol. 

In the case of the alcohol-ether mixture, the 
nitrates, dried at 130°-! 50°, are crushed in a 
small basin and extracted with 5 ml. portions of 
the mixture. After stirring and settling the 
solution is decanted into a small flask. The 
number of extractions trill depend on the amount 
of material to be treated, but five should he 
sufficient. The residue is dissolved in water, 
evaporated, dried at 150°, and, after crushing, fa 
transferred as completely as possible tola flask 
using three 5 ml. lots of the solvent Ti’ 1 flask is 
stoppered, left for 24 hours, and the Solution 
filtered, tho residue being washed w<fU by 
decantation. ) 

In using isobutyl alcohol, the dry mtrAtes are 
extracted tw ice with absolute alcohol (£ 5 rah 
portions) and then once with 5 ml, i>f 
butyl alcohol. The residue is dissolved, evapo- 
rated, dried, and agam extracted with two 5 ml. 
lots of iso butyl alcohol (Szebeliddy, Z. 

Chem. 1927, 70, 39). 

In both cases the calcium is recovered fwj' 
the filtrate and finally estimated as sulphaty 
Barium may be separated from calcium an# 
Strontium by precipitating as chromate froim 
acetic acid solutions (». Barium) or as siheo-’ 
fluoride from aqueous alcoholic media. 

Determination of Calcium. — (a) As Oxal- 
ate. The slightly ammoniacal solution which 
should not contain more than about 01 g. of 
CaO per 100 ml. is heated to bailing and 
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excess of hot 4% ammonium oxalate added 
•with stirring. The mixture is boiled for 2 
minutes, kept hot on a steam bath for \ hour, 
and then allowed to cool for 2 hours. After 
filtering, the precipitate is washed with cold 
0-1% ammonium oxalate and ignited at 1,200° 
for 5 minutes. Alternatively the oxalate is 
converted into sulphate by moistening with 
redistilled sulphuric acid and, after ignition, 
weighed as CdS0 4 . 

The estimation may be carried out in the 
presence of certain other metals, such as silver, 
lead, iron, aluminium, zinc, etc., if the pre- 
cipitate is carried out in the presence of citric 
acid (Erdheim, Rocz. Chem. 1933, 13, 64). 

Brunch (Z. anal. Chem. 1933, 94, 81) re- 
commends weighing the precipitate as 
CaC 2 0 4I H 2 O, in which case it is dried first at 
60°-70° and then at 110° or is washed with 
alcohol and ether. 

(b) As Molybdate. This method provides a 
clean separation from magnesium with a single 
precipitation. 

A boiling neutral solution is treated slowly 
(1 drop a second) with 6% ammonium molyb- 
date solution made slightly ammoniacal. When 
excess of the reagent has been added, the liquor 
is boiled for at least 10 minutes so that the 
precipitate may become crystalline when it 
settles readily giving a clear supernatant liquor. 
After 30 minutes the molybdate is filtered 
through a Gooch crucible, the asbestos pad of 
which has been reinforced with a little ground 
asbestos, washed with water, dried at 130°, 
and then ignited in a larger crucible (Ca= 
20-03%). 

Care should be taken not to add the reagent 
faster than is recommended or to stir the 
solution while the precipitate is forming ; 
otherwise the crystals adhere tenaciously to the 
glass surfaces (Wiley, Ind. Eng. Chem. [Anal.], 
1931,3, 127). 

Strontium. — Whenever possible, strontium 
is estimated as sulphate. Eor this purpose, the 
neutral (preferably chloride) solution is treated 
with considerable excess (10-fold) of dilute 
sulphuric acid followed by alcohol equal to the 
volume of the liquid. The precipitated sulphate 
is filtered after 12 hours, washed with 50% 
alcohol containing a little sulphuric acid, then 
with rectified spirit, dried, and ignited at a dull 
red heat. 

Strontium may also bo precipitated as oxalate 
and ignited to carbonate or oxide. The results 
aro somewhat low, owing to the solubility of 
strontium oxalate, unless alcohol is added. 
Whilo such a procedure is legitimate when 
strontium alone is being determined, it involves 
tho co-precipitation of barium and magnesium if 
theso also are present. 

Barium. — The separation of barium from the 
other alkaline earth metals is usually carried 
out by tho chromate method. Barium chromate 
is precipitated in the presence cither of 
ammonium acetate (3 g.) or of acetic acid (5 ml.) 
and ammonium chloride (5 g.). In the former 
case it is usual to use ammonium dichromate 
(10% solution) ns the precipitant, while in the 
latter case potassium chromate serves. The 
barium chromate is dried at 130°; BaCr0 4 = 
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54-2% Ba (Skrabal and Neustadl, Z. anal. Chem. 
1905, 44, 742 ; Szebelledy, l.c.). 

For the more usual estimation of barium as 
sulphate, the hot solution (slightly acid with 
HCI) is treated with a slight excess of hot dilute 
sulphuric acid and is then kept on a steam bath 
until the precipitate has settled. The sulphate 
is filtered, washed with hot water containing a 
little sulphuric acid and finally with a little 
water; it is dried and ignited to a constant 
weight at a dull red heat. 

Barium sulphate shows a considerable ten- 
dency to carry down barium chloride or nitrate 
so that it is advisable to treat the ignited 
precipitate, after weighing, with 1 drop of 
sulphuric acid, drive off excess acid and re- 
ignite and weigh (v. Karaoglanov and Sagort- 
schev, Z. anorg. Chem. 1935, 221, 369 ; Hahn and 
Keim, ibid. 1932, 206, 398; Vasilieva, Trans. 
Kirov Inst. Chem. Tech. Kazan, 1935, Nos. 4—5, 
97). 

Barium may also be separated from calcium, 
magnesium, and strontium by adding to 0-5 g. 
or less of the mixed chlorides, 50-75 ml. of a 
4 : 1 mixture of strong hydrochloric acid (33%) 
and ether. The precipitated barium chloride is 
washed with the acid-ether mixture (Gooch and 
Soderman, Amer. J. Sci. 1918, [iv], 46, 538). 

Zinc. — Zinc is best removed from related 
metals by precipitating as sulphide under care- 
fully controlled conditions. In the prior separa- 
tion of metals precipitated by hydrogen Bulphide 
in acid solutions it is necessary to have sufficient 
acid present to prevent zinc sulphide being co- 
precipitated and, in any case, reprecipitation is 
recommended in order to avoid loss of zinc at 
this stage. 

Moser and Behr (Z. anorg. Chem. 1924, 134, 
149), using an approximately N / 8 sulphuric acid 
solution, find that zinc is completely precipitated 
by hydrogen sulphide under pressure, whereas 
such is not the case with manganese, iron, 
cobalt and nickel. Pressure precipitation is also 
recommended by Fales and Ware (J. Amer. 
Chem. Soc. 1919, 41, 487) who use a solution 
containing ammonium formate, formic and 
citric acids. The optimum hydrogen ion con- 
centration corresponds to about a p B of 2-5, 
although Jeffreys and Swift (ibid. 1932, 54, 
3219) Btate that precipitation is complete even 
at p R 1-6 in media buffered with sulphate- 
sulphuric acid. The use of the chloroacetic acid- 
sodium acetate buffer is recommended by Mayr 
(Z. anal. Chem. 1933, 92, 166) and at a p B of 
2-C-2-7 the zinc sulphide is granular and 
uncontaminated by other metals of the ammon- 
ium sulphide group except cobalt when present 
in greater concentrations than 6% (see also 
Frers, ibid. 1933, 95, 1, 113). 

Cobalt, however, may be prevented from con- 
taminating the zinc sulphide by precipitating in 
the presence of gelatin (1-2 mg.) or agar (2-5 mg.) 
and of acrolein (Caldwell and Moyer, J. Amer. 
Chem. Soc. 1935, 57, 2372, 2375). 

A separation from magnesium or nickel is 
obtained by precipitating zinc with cyanamide. 

Estimation op Zinc. — ( a) As Sulphide 
(method of Caldwell and Moyer). The zinc 
solution, containing not more than 0-25 g. of 
Zn or 0-5 g. of cobalt and free from chlorides, 
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is adjusted so that the hydroxides are just not 
precipitated. Ammonium sulphate (6-8 g.) is 
added, the solution diluted to 250 nil. and 0 2 
ml. acrolein solution added. A rapid stream of 
hydrogen sulphide is passed for 30 minutes, 
then 5-10 ml. of a 0 02% gelatin solution are 
added and the precipitate filtered after 20 
minutes. The precipitate is washed with cold 
water and ignited to the oxide at 1,000° in « 
muffle furnace. The acrolein solution is made 
by adding 4 ml. of the aldehyde to 100 ml. 
water containing 10 mg. of hydroqumone and 
1 drop of strong hydrochloric acid, 

If cobalt is to be estimated in the filtrate, then 
the latter is strongly acidified and boiled down 
to one-third its original 'volume in order to 
remove acrolein. 

In the method of Mayr, the zme solution 
(nitrate or chloride) is treated drop by drop 
with 2N-sodium hydroxide until there is a slight 
permanent turbidity; 10 ml. of 2Jf chi oro- 
acetic acid arc added with stirring and, after 
the solution has become clear, 10 ml of S 
sodium acetate are introduced. The solutionis 
diluted to 150 ml , hydrogen sulphide passed in 
rapidly for 10-15 minutes, and the tine sulphide 
filtered after 15-20 minutes. If other metals 
are present, the precipitate is washed with 10 ml. 
of chloroacetic acid and 10 ml of sodium acetate 
solution in 150 ml. water which has been 
saturated with hydrogen sulphide and finally 
with 4% acetic acid saturated with hydrogen 
sulphide. When zinc alone is present the second 
wash water only is used. 

It is always advisable to convert the sulphide 
into oxide or sulphate for the purpose of 
weighing. 

(b) As Zinc Ammonium Phosphate . — To the 
solution containing about 0 1 g of zinc are added 
5 g of ammonium chloride and 10 ml. of 2A r - 
sodium acetate. After dilution to 140 ml. it is 
heated on a steam bath and, when hot, there are 
added 10 ml. of 10% diaramomum hydrogen 
phosphate. The mixture is heated on the 
water bath for two hours, filtered, washed first 
with cold water, and then with alcohol and dried 
at 103°. Tho optimum p n of the solution for 
maximum insolubility of the precipitate is dtf. 
The original p B of tho above liquid is 7 5 but falls 
to 6 4-6 0 after 2 hours on the water bath 
(Ball and Agruss, J. Amer. Chem. Soc. 1930, 62, 
120 ). 

(cj With Qutnaldimc Acid . — The neutral 
solution (150 ml ) is acidified with 2-5 ml. of 
dilute acetic acid, heated to boding, and treated, 
drop by drop while stirring, with the sodium 
salt of qtnnaldimc acid (corresponding to 
3-4% solution of the acid). When precipitation 
is complete, the organic zinc salt is allowed to 
settle, filtered on to a filter crucible, washed 
thoroughly with hot water, dried at 125°, and 
weighed os Znl^HjO^NJj.HjO, which con- 
tains 15 29% zinc. Manganese, magnesium, the 
alkaline earth metals, or phosphate do not 
interfere, whde in a slightly ammoniacal solution 
containing tartrate the precipitation of Fe‘", 
Al, Be, Ti, and U is prevented (Bay and Bose, 
Z. anal. Chem. 1933, 95, 400 ; 1935, 100, 324). 

Cadmium. — From other metals of the hydro- 
gen sulphide group, cadmium may* be separated 


with fair ease. The arsenic group remains dis- 
solved on precipitating with sodium sulphide; 
lead is precipitated as sulphate, whereas bismuth 
is usually separated as the basic chloride or 
nitrate. The solubility of cadmium sulphide in 
nitric acid forms the basis of a separation from 
mercury*. 

The precipitation of cadmium as 6ulphideis 
best effected from sulphuric acid solution, a 
greater concentration of this acid being per- 
missible than is the case with hydrochloric acid. 
This greater acidity* is useful in preventing the 
precipitation of zinc. Zinc and other metals of 
Che ammonium sulphide group, as well os 
chromium, aluminium, and magnesium, may be 
removed by precipitating cadmium with 

naphthoquinolme (t*. Volumetric Analysis, 
p. 654). 

The determination of cadmium in alloys of 
lead, antimony or bismuth can be made by 
dissolving the alloy (5 g.) m 50 ml of citric acid 
solution (500 g. to tho litre) and 50 ml of 6.V- 
mtnc acid, the solution then being made 
distinctly ammoniacal. A saturated solution 
of potassium cyanide is treated with bromine 
water until the solution no longer gives a 
coloration with aqueous sodium mtroprusside 
and 10 ml of this reagent are added to the above 
solution. When cold the solution is treated 
with 10 g. of sodium hyposulphite and the 
mixture heated to C0° with stirring until the 
white precipitate has turned black. On cooling, 
it is filtered with the aid of paper pulp, washed 
with a solution of 4 g ammonium chloride, 
2 g. hyposulphite, and 20 ml. of saturated 
potassium cyanide in 400 ml of water. The 
filtrate and washings are saturated with 
hydrogen sulphide, 20 c c. of dilute ammoma 
(1:1) added, and hydrogen sulphide again 
passed m. The precipitated cadmium sulphide 
is washed with dilute ammonium nitrate, con 
verted to sulphate by warming in a crucible 
with aulphuno acid and nitnc acid, and ignited 
at a dull red heat (Evan3, Analyst, 1929, 64, 
404). 

Cadmium is never weighed as sulphide owing 
to the uncertainty of the composition of the 
compound, ft hen iree irom contaminating' 
elements the metal may* be directly converted to 
sulphate or, if precipitated as sulphide, it 
may be transformed to sulphate either by the 
method given above or by dissolving the pre 
cipitate in a little hot dilute hydrochloric acid, 
evaporating to dryness and treating with 
sulphuric sod. 

The estimation of cadmium as molybdate is 
earned out as giv en under calcium, excepting that 
the precipitation is made from faintly acetic and 
solution. The precipitate is ripened by heating 
just below the boiling -point until it settles readily, 
after which it is left for 2 hours. The 
usual precautions must be observed to prevent 
the precipitate adhering to the glass surfaces. 
The molybdate, dried at 120°, contains 41 27% 
Cd (Wiley*, Ind. Eng. Chem. [Anal.], 1031, 3, 
14). 

Mercury, — Generally determined by* vola- 
tilisation or precipitation, of the metal, or 
volumetrically ; separations ‘from other metals 
are consequently of secondary importance. 
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In the precipitation with hydrogen sulphide in 
acid solutions, it is not possible to effect complete 
separations from zinc or thallium, as these form 
mixed sulphides with mercuric sulphide. 
Similar mixed sulphides are also formed with 
copper, cadmium, and tin (Feigl, Z. anal. Chem. 
1924, 65. 37). 

Arsenic and antimony may be removed by 
digesting the sulphides with hot ammonium 
poiysulphido (not alkaline sulphides). Tin is 
only partially removed and in its presence some 
of the mercury dissolves. 

A separation of silver and lead is effected by 
digesting the sulphides with a hot mixture of 
equal parts of 15% solutions of potassium 
sulphide and hydroxide. Mercuric sulphide 
dissolves and is filtered off, the residue being 
washed with water containing a little of the 
sulphide-hydroxide mixture. Treatment of the 
filtrate with 20% ammonium nitrate reprecipi- 
tates mercuric sulphide. Cadmium, zinc, or 
tin sulphide interferes. 

The insolubility of mercury sulphide in hot 
dilute nitric acid (cZ= 1 -2—1-3) permits the 
removal of the other members of this group. 
Chlorides must be absent. The residue is dis- 
solved in aqua regia and any lead sulphate is 
filtered off or the lead is separated as above. 

Mercury may also be separated from many 
metals by reduction to mercurous chloride or, 
better, to the metal. According to Willard and 
Boldyreff (J. Amer. Chem. Soc. 1930, 52, 5G9) 
hydrazine hydrate and stannous chloride are 
the best reducing agents for the latter purpose, 
while for the reduction to the mercurous stage 
hypophosphorous acid in the presence of hydro- 
chloric acid and hydrogen peroxide may be used. 
Cattelain (J. Pharm. Chim. 1930, [viii], 11, 580). 

Mercurous mercury may be separated from a 
number of metals by precipitating with cupferron 
from nitric acid solutions containing not more 
than 0'5iY of free acid. 

A number of complex salts of copper and 
chromium have also been utilised to estimate 
mercury. G. Spacu and his collaborators pre- 
cipitate mercury as [Cu en 2 ] [Hgl 4 ] or [Cu pn 2 ] 
[HglJ, where en and pn are ethylenediamine and 
ay-propylenediamine respectively. If the first 
complex is precipitated in the presence of 
ammonia and sodium potassium tartrate, then 
Cu, Bi, Pb, Sn", Al, Fe'", Mn, Zn, Ni, 
Co, the alkaline earths, and alkali metals do not 
interfere (Z. anal. Chem. 1933, 92, 247 ; 1932, 
89, 187). Mahr (ibid. 1930, 104, 241) pre- 
cipitates mercury as Hg[Cr(CNS) 4 (NH 3 ) 2 ] 2 , 
from hot 0-1 A-hydrochloric acid solution with 
freshly prepared Reineckc’s salt, 

NH 4 [Cr(CNS) 4 (NH 3 ) 2 ]. 

The precipitate may be dried at 105° or ignited 
to Cr„0 3 . It is stated that copper, lead, 
bismuth, cadmium, arsenic, antimony, tin, and 
many other metals do not interfere. 

Estimation of Mercury. — (a) As Sulphide. 
The precipitation may be carried out with 
hydrogen sulphide or better by the hydroxide- 
sulphide method given above. In this latter 
method the acid mercuric salt solution (not 
exceeding 0-1 g. Hg per 100 ml.) is nearly 
neutralised with sodium carbonate, treated 


with fresh ammonium sulphide in excess and 
then with 10% sodium hydroxide, stirring 
vigorously during the addition, until the mixture 
becomes pale in colour. It is now heated to boil- 
ing, more alkali added until the solution is clear, 
filtered if necessary and the precipitate washed 
with warm water containing a little sulphide 
and hydroxide. The mercuric sulphide is now 
reprecipitated by adding 25% ammonium 
nitrate in amount equal to the volume of sodium 
hydroxide used and the mixture, after boiling 
to expel ammonia, is filtered and washed 
successively with hydrogen sulphide water, hot 
water, alcohol, carbon disulphide, alcohol, and 
ether. It is dried at 105° and weighed as HgS 
(Hillebrand and Lundell, op. cit., p. 174). 

(b) By Volatilisation of the Metal . — The estima- 
tion of mercury in ores or in small amounts 
generally is carried out by distillation with 
quicklime or magnesite in an inert gas ; copper 
strips or copper dust are often added to facilitate 
decomposition. Alternatively the ore may 
be heated with iron filings. If present in 
appreciable amounts, the distilled mercury is 
collected under water, washed, dried, and 
weighed. With small quantities the distillation 
is carried out in a porcelain crucible, having a 
close-fitting silver or gold lid which is cooled 
by a small water jacket placed on it. The 
mercury condenses on and amalgamates with 
the lid, which is weighed before and after the 
experiment. 

Copper or iron precipitates mercury from acid 
solutions, the mercury being deposited on tho 
precipitating metal. The mercury is then dis- 
tilled from the amalgam as above. This 
method is eminently suitable for small quantities 
of mercury, while it may also be used for larger 
amounts if the procedure of Evans and Clarke 
(Analyst, 1926, 51, 224) is followed, in which the 
solution continuously percolates through a bed 
of copper filings in a Bmall tube. 

Boron. — Boron is easily separated from all 
other elements by volatilisation as methyl 
borate, B(OCH 3 ) 3 , when alkali or alkaline 
earth borates are acidified and heated with 
absolute methanol. The resulting ester is 
estimated by a volumetric procedure (see Volu- 
metric Analysis, pp. 045, 653). When not 
required to be estimated boron may be removed 
by evaporating to dryness with hydrofluoric acid 
or with sulphuric and hydrofluoric acids until 
fumes of sulphuric acid are evolved. 

The methyl borate obtained as above may be 
collected in a weighed quantity of lime, which 
forms calcium borate. On ignition, the gain 
in weight of the lime represents the amount of 
B 2 ° 3 in the sample. In this case the acidifica- 
tion of the alkali borate must be made with a 
little acetic acid (Gooch and Jones, Amer. J. Sci. 
1899, [iv], 7, 34 ; Moissan, Bull. Soc. Chim. 1894, 
[in], 11, 955). 

Aluminium. — Removal of the metals of the 
first two analytical groups presents no 
difficulties ; the aluminium group is usually 
precipitated by one of the following methods : 

(a) With Ammonia and Ammonium Chloride. 
The separation is best accomplished at a p B 
of 0-5-7-5, that is, at the colour change of 
methyl red or rosolic acid. The amount of 
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ammonium chloride should not be less than 3 g. 
per 100 ml. of solution, which should be boiled 
lor 2 minutes after precipitation. The precipitate 
is washed with 2% ammonium nitrate or 
chloride. Moderate amounts of manganese and 
nickel do not interfere if phosphates or vanadates 
■are absent, but complete separation 13 not possible 
from zinc, cobalt, or copper. 

(6) Basic Acetate Method . — The (preferably) 
hydrochloric acid solution ia neutralised first of 
all with ammonia and finally with ammonium 
carbonate, drop by drop, until a faint permanent 
turbidity is obtained which is cleared with one 
or two drops of hydrochloric acid. If much iron 
is present the solution is dark red and the end 
Oint not easy to determine. The solution is 
eated to boding and a slight excess of ammonium 
acetate (20%) is added The liquor is boded 
for about 3 minutes, filtered hot, and washed 
With hot water containing 1% of acetate. 

The, method gives no satisfactory separation 
from nickel, whereas separation from zinc and 
manganeso is only complete around a p B of 
S 2 ; unfortunately at this acidity the pre- 
cipitate is not easy to filter. 

(e) With freshly precipitated Rarium Carbonate. 
— The carbonate is shaken with the nearly neutral 
solution in a stoppered flask for some hours, 
after which the precipitate is filtered and washed 
with cold water. After solution in dilute 
hydrochloric acid, the aluminium is precipitated 
by method (o). Satisfactory separations from 
manganese, zinc, and ferrous iron are thus 
obtained, and also from nickel and cobalt pro 
viding that a little ammonium chloride is added. 

The metals of the ammonium sulphide group 
may be removed by precipitating aluminium 
with hexamethylenetetramine slightly acidified 
with sulphuric acid (K6zu, J. Chem. Soc. Japan, 
1935, 56, 22 , Ray and Chattopadhya, Z. anorg. 
Chem. 1928, 169, 99). 

Long digestion with “ infusible white pre- 
cipitate," NH,HgCI, gives a separation of iron 
and nickel m the presence of chlorides, whole 
with “ fusible white precipitate," HgCI„2NH s 
magnesium, calcium, and manganese may be 
separated from acid sulphate solutions (Sola] a 
and others, Arh. Hemiju, 1930, 4, 136). 

Reparation of Aluminium from Croup 3 
Metals. — Iron, titanium, zirconium, the rare 
earths, and manganese give hydroxides insoluble 
in excess sodium hydroxide and may be thus 
easily removed. Magnesium and nickel cany 
down aluminium and must be absent, while 
titanium if present m large amounts is incom- 
pletely precipitated. 

Iron may be separated from aluminium (a) by 
extracting the ferric chloride with ether from 
dV-hydiochlorio acid, (6) by precipitation with 
ammonium sulphide in ammoniacal tartrate 
solutions, (c) by boiling with sodium thio- 
sulphate when AI(OH), is precipitated, (d) by 
precipitation with cupferron in strong acid 
solutions. The last method ensures the re- 
moval of V, Zr, Ti, Sn, Nb, andTa ; aluminium 
is only precipitated if the acidity is less than 
decmormal. 

An excellent separation from Fe, Zn, Cu, Hg, 
Bi, Ga, and probably many other metals is by 
precipitation of aluminium as AlClj,6H t O, 


but alkali salts must be absent. The hydro- 
chloric acid solution is evaporated to the 
smallest volume which will keep the salts m 
solution, cooled, and diluted to 12-25 ml with 
hydrochloric acid. Saturation of the solution 
with hydrogen chloride at a temperature not 
above 15° is followed by the addition of an 
equal volume of ether and a further treatment 
with hydrogen chloride. The precipitate w 
filtered through a Gooch, Munroe, or sintered- 
glass crucible, washed with HCI+ether (1:1), 
saturated with hydrogen chloride at 15°, and 
either dissolved in water and precipitated with 
ammonia or ignited to AI 2 O s by heating at 
1,200° under s layer of pure mercuric oxide. 

Chromium is easily separated from aluminium 
by oxidation to chromate with sodium hydroxide 
and peroxide or ammonium persulphate and a 
trace of silver nitrate. The aluminium is then 
precipitated as hydroxide. 

8-Hydroxyqumolme separates aluminium from 
many metals under suitable conditions (see 
Volumetric Analysis, p 6 50). 

Estimation of Aluminium. — (a) As Oxide. 
Aluminium is precipitated with ammonia and 
ammonium chloride as indicated above; the 
hydroxide is filtered, washed, dried, and ignited 
finally in a blow-pipe flame. 

As indicated above, the aluminium may be 
precipitated by sodium thiosulphate or hexa- 
methylenetetramine. 

Aluminium may also be precipitated as basic 
carbonate from slightly acid solutions by means 
of hydrazine carbonate containing free hydra- 
zine. After precipitation in the cold the mix- 
ture is heated on a steam bath for one hour, 
filtered, washed with warm water or neutral 
ammonium nitrate solution according as alkali 
salts are absent or not and ignited to oxide 
(Jilek and Lukas, Coll. Czech. Chem, Comm 
1930, 2, 63). 

Gallium . — Likeal uminium and unbkeindium, 
gallium hydroxide 13 soluble in sodium 
hydroxide, but separations by this method from 
indium, iron, titanium, etc., are not clean. 
E. H. Swift (J. Amer. Chem. Soc 1924, «, 
2377) Btates that the separation from iron is 
complete in one operation if the concentration of 
hydroxide in the solution is 0 3A’-, although the 
authors (unpublished work) do not find this to be 
the case if the amount of iron is considerable. 

Gallium is advantageously separated from 
many metals such as Pb, Cd, Co, Nl, etc., by 
precipitation from hot solutions with weak 
alkalis such as cupric or cuprous oxide, aniline, 
etc. 

Interesting separations of gallium from many 
metals have been worked out by Moser and 
Brukl (Monatsh. 1928, 50, 181 ; 1929, 61, 325) 
and by Ato (Sci. Papers Inst. Phys. Chem. Res 
Tokyo, 1930-1936) 

Moser and Brukl remove gallium from zinc, 
nickel, cobalt, manganese, cadmium, beryllium, 
and thallium by treating tbe feebly acid solution 
with ammonium acetate, ammonium nitrate (2% 
solution), boding, and precipitating with tannin 
(10% solution). The resulting mixture must 
contain ten times as much tannin as gallium 
with a minimum of 0 5 g. The filtered pre- 
cipitate is washed with 1% ammonium nitrate 
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containing a little acetic acid, dried, and ignited 
to Ga 2 0 3 . 

Gallium may be precipitated with cupferron 
(G% solution) from 2A r - (Moser and Brukl, l.c.) 
or 0-6A r - (Scherrer, J. Res. Nat. Bur. Stand., 
1935, 15, 585) sulphuric acid. The precipitate is 
washed with cold dilute sulphuric acid (1-0-5A'-) 
and ignited to Ga 2 0 3 . This method separates 
from Al, Cr, In, U, and Ce, but not from Sn, 
Cu, V, Ti, or Zr. 

Iron may bo removed by precipitating with 
a-nitroso-/j-naphthol (2% in 50% acetic acid) 
from an acetate-buffered solution (Papish and 
Hong, J. Amer. Chem. Soc. 1928, 50, 2118) 
or by reducing to ferrous chloride and extracting 
the gallium trichloride with ether from 6N- 
liydroehloric acid solution.. The trace of iron 
which always enters the ether is removed with 
0-3A'-sodium hydroxide as above (Swift, l.c.). 

The methods adopted by Ato depend on the 
precipitation of gallium with camphoric acid or 
sodium camphorate (r. infra). Indium, 
thallium, iron, beryllium, titanium, zirconium 
and thorium interfere, as docs aluminium in 
moderate amounts. Indium may be removed by 
precipitating with 5% sodium carbonate ; the 
other metals may be separated by extracting 
gallium chloride with ether. 

Estimation of Gallium. — (a) With 

Ammonia. Gallium hydroxide precipitated with 
ammonia alone is difficult to filter, but the 
presence of sulphur dioxide overcomes this 
trouble (Dennis and Bridgman, J. Amer. Chem. 
Soc. 1918, 40, 1552). 

To the gallium solution (OT g. in 100-200 ml.), 
which is preferably acid with sulphuric acid, is 
added ammonia until faintly alkaline, followed 
by 5 ml. of 10% ammonium bisulphite solution. 
Dilute sulphuric acid is added until the solution 
is just acid to litmus, the solution boiled 
vigorously for 5 minutes, and the gallium 
hydroxide filtered after settling. Washing 
may be done with hot water or with water 
containing a little neutral ammonium nitrate. 
The precipitate is ignited finally at a tempera- 
ture not less than 900°. 

(h) With Camphoric Acid . — The gallium 
solution (nitrate or chloride) is evaporated to 
dryness and the residue dissolved in 10 ml. of 
O.Y-ncetic acid, after which 80 ml. of water and 
20 ml. of 10% ammonium nitrate are added. 
The mixture is placed in a boiling water bath, 
2 g. of camphoric acid added and the heating 
continued for 10 minutes. After cooling the 
liquor is decanted and the precipitate washed by 
decantation with a solution made from 80 ml. of 
water, 5 ml, of 6A T -acetic acid, and 20 ml. 
of the ammonium nitrate. The precipitate is 
transferred to the filter, dried, and heated 
gently in a porcelain crucible with a flame 
applied to the upper surface of the residue which 
melts and begins to burn. When combustion 
is complete, the filter paper is added and 
destroyed at moderate temperatures. After 
ignition the precipitate is weighed as Ga 2 0 3 . 

Indium. — Resembling aluminium and gallium 
m many respects, indium is, nevertheless, pre- 
cipitated by hydrogen sulphide in hydrocliloric 
acid solutions up to 0'05A r -, and partly or wholly 
precipitated in stronger acid solutions if other 
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precipitable metals are present. It may also be 
precipitated from ammonium sulphide-tartrate 
solutions and so separated from Al, Zr, Ti, etc. 

Indium may be separated from many elements 
by precipitation of the metal from its salts by 
boiling with zinc, whereas barium carbonate 
precipitation may be used to romovo fourth 
group metals. 

Ammonia and ammonium chloride quantita- 
tively deposit the trihydroxide ln(OH) 3 from 
hot solutions, as also does potassium cyanatc. 
Use of the latter reagent in the presence of 
ammonium chloride enables indium to be 
separated from zinc and nickel although re- 
precipitation is necessary if the ratio of the 
contaminating metal to the indium is greater 
than 10. Cobalt may be removed by treating 
the neutral solution with enough potassium 
cyanide to dissolve the precipitate first formed 
and then boiling with a little 10% potassium 
cyanatc, when ln(OH) 3 is precipitated. Man- 
ganese is separated by passing hydrogen 
sulphide into boiling acetic acid-ammonium 
acetate solution, while if sulphosalicylic acicl 
and ammonium carbonate are present then 
aluminium also docs not interfere with the 
deposition of indium sulphide (Moser and 
Siegmann, Monntsh. 1930, 55, 14). 

Although indium hydroxide is insoluble in 
alkali hydroxides, while gallium hydroxide is 
soluble, this property does not supply an entirely 
satisfactory method of separating the two, even 
on repetition. 

Estimation of Indium. — (a) .4 s Hydroxide. 
To the faintly acid solution are added a few 
drops of methyl orange and then 10% potassium 
cyanate solution until the colour becomes 
yellow. The solution is heated to boiling and 
the hydroxide filtered through paper and washed 
with hot water. Whether this method is used 
or precipitation with ammonia and ammonium 
chloride, it is necessary to wash the precipitate 
free from chlorides. The hydroxide is dried, 
ignited at red heat, and weighed as ln 2 0 3 . 

Thallium. — Thallium forms well-defined 
mono- and trivalent salts. In the former state 
it resembles the alkali metals on the one hand and 
lead on the other, while in the tervalent state it is 
related to indium and the heavy metals. 

Although not precipitated by hydrogen 
sulphide in strong acid media, it is curried down 
by other metals of this group ; thallium is only 
completely precipitated by hydrogen sulphide in 
acetic acid or ammoniacal solutions, but the 
resulting thallous sulphide is easily oxidised by 
air and so filtrations must be rapid and washings 
done only with, dilute colourless ammonium 
sulphide. 

Thallium may be separated from the majority 
of the metals by extracting thallic bromide in 
A'-hydrobromic acid with ether. Gold is also 
extracted, but is separated by heating the 
ethereal solution with hot water and adding 
successively 2 ml. of 10% hvdruzine hydro- 
chloride, 2 ml. of 10% potassium cyanide, 2 ml. 
of 2 N -potassium hydroxide, and 1 ml. of 5% 
Kl for each 100 mg. of gold and thallium. 
The latter is precipitated as iodide (Wada and 
Ishii, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 
1934, 24, 135). A separation from second 
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group metals excepting cadmium is achieved i 
by precipitating thalhum with ammonium 
eulphtde in the presence of cyanides. 

Lead and manganese are removed by pre- 
cipitating them with diammomum hydrogen 
phosphate in an ammomaeal solution containing 
sulphosalicylic acid, while precipitation of 
thallium, in the filtrate, as chromate removes 
iron, aluminium, and chromium. If excess of 
ammonia is present then potassium chromate 
does not precipitate Se, Cd, Ni, Zn, Co. Mo, 
or W, while cyanide prevents the deposition of 
Ag, Hg, and Cu (Moser and BrukJ, Monatsh. 
1920, 47, 709). 

Ammonium nitrite— methyl alcohol hydrolysis 
(see Beryllium) removes those metals which are 
precipitated by this process, although special 
conditions are necessary for thorium, zirconium, 
and titanium. 

Vanadium is separated from thalhum by 
ibssolving the precipitate of thallous metavana 
date in the least quantity of strong tartanc acid 
solution at 40°, adding ammonia until the colour 
becomes blue or is discharged (depending on the 
amount ofaanndiura), and precipitating thallium 
as chromate (Moser and Keif, Monatsh 1929, 
62. 343). 

Estimation of Thalliim — (a) As Chromate 
The ammomaeal thallous solution (thallic salts 
are reduced with SO,) is heated to b0°-100° 
and treated w ith 2 g of solid potassium chromate 
for every 100 ml (containing about 0 1 g Tl). 
After settling for at least 12 hours, the pre 
cipitate is filtered through a Gooch or sintered 
glass crucible, washed with 1% potassium 
chromate, then with 50% alcohol, and dried at 
120° (percentage Tl = 77 9) 

(b) A a Cobalt imt rile — The reagent is made by 
mixing equal volumes of (o>- 23 C g of cobalt 
nitrate and 50 ml of 50% formic acid in 500 ml 
water, and (4) IfeO g of sodium nitrite in 500 ml 
water. It is added at a temperature of 30°— 10° 
to the thallous solution aho at this temperature 
The scarlet precipitate is filtered, washed with 
water, and dried at 120°. TIjCofNO,)^ con 
tains G 4 67% TJ (Xisihuhu, J Soc them. 
Ind Japan, 1934, 37. lhOB). 

The estimation of thalhum as thallous iodide, 
while giving good separations from all metals 
having soluble iodides, 13 not strictly quantitatn e 
and, morcoie r, filtration is slow 

Scandium. — Scandium accompanies the rare 
earths in analy sis, and like them can be separated 
front other members of the third analytical 
group by precipitation as oxalate with oxalic 
acid or as fluoride with hydrogen fluoride. 
Together w ith thorium it may be separated from 
the rare earths by boiling with sodium thio- 
sulphate (see Thorium). Thorium may- be 
removed by precipitating it as lodatc in strong 
nitnc acid or as fluoride In the presence of 
much ammonium fluoride, in which medium 
scandium fluoride is soluble. 

Scandium is estimated as Sc,Oj. after pre- 
cipitation as oxalate or with ammonium 
hydroxide (see Aluminium). 

Bare Earths. — These metals are too nearly 
related to permit of separations which have a 
quantitative value, for fractional methods alone 
can be applied. As a group they are separated 


from other metals either as oxalates or fluorides 
or by the insolubility of their double sulphates 
with alkali sulphates. 

Cenum may be separated and estimated fairly 
readily by virtue of its conversion into the 
quadrivalent state in which its salts are eaailv 
hydroly sed. The insolubility of ceric iodate in 
nitnc acid also affords a "separation, but not from 
thonura. Tenalent cenum, however, gives no 
insoluble iodate. 

Cenum may be estimated volumetrically j n 
the presence of most of the rare earths and of 
thorium. It may also be determined asCe,0, 
after precipitation aa oxalate or with ammonia. 
Furthermore, cerous salts with potassium ferro- 
cyamde give at room temperature a precipitate 
of C eK[ Fe ( C N ) t ],4 H t O, w hich may be weighed 
as such or heated at 100° to the (nhydrate 
(P. Spaeu, Z anal Chem. 193G, 104, 26). 

Carbon. — Carbon, whether in organic 
material, in rocks, or in iron and steel, is nearly 
always estimated by oxidation to carbon dioxide 
by' methods git en under organic analy sis (p. 6/5). 

Ca rbo n a t es . — Rapid and moderately accurate 
determinations may be made by a loss m weight 
method The carbonate is weighed into a 
Schrotter flask which is fitted with a stoppered 
dropping funnel containing acid to decompose 
the carbonate, and an exit tube containing 
strong sulphuric acid to dry the escaping gas 
The apparatus is weighed with the acids, etc, 
after the carbonate has been introduced. The 
acid is now run in drop by drop to decompose 
the carbonate and the liquid then heated 
gently to boiling while ft stream of CO, free 
dry air is aspirated through it to expel dissolved 
carbon dioxide The apparatus is cooled and 
weighed, the Joss m weight giving the amount 
of carbon dioxide in the carbonate 

More accurate results are obtained by absorb 
ing the carbon dioxide, after drying, in sodi 
lime or potash and finding the increase in 
weight of the absorbent The acid used for 
decomposing the carbonate may be hy drocblone, 
sulphuric, perchloric, or, preferably, pho«phonc 
acid. 

If sulphides are present then the hydrogen 
sulph.de also formed is absorbed either in boiling 
copper acetate solution acidified with acetic 
acid or by pow dered copper. The latter reagent 
is preferred when the ratio of sulphide to 
carbonate is great. Hydrochloric acid resulting 
from the presence of chlorides is efficiently 
remov cd by p mtrosodimethylaruline (Vernon 
and Whitbv, J S C.I. 1923, 47, 255T; Jacobson 
and Haugbt , Ind. Eng. Chem. fAnaLJ, 1930,2, 
334 ; Reich-Rohrwig, Z. Anal. Chem. 1933, 95, 
315). 

Silicon, — Gravimetrically silicon u nenity 
always estimated as silica. For this purpose the 
silicate is decomposed, occasionally by aenu, 
generally by fusion mixtures, and the resulting 
solution evaporated to dryness with hydro- 
chloric or perchloric acid. The insolu We sihea i> 
weighed and, as it is generally impure, it i» 
volatilised with hydrofluoric acid and sulphuric 
acid and the residue determined. , . 

Boron is earned down with silica and as it auo 
volatilises with hydrofluoric acid it m^t first t>e 
remov ed as methy 1 borate (see Boron). Tungsten, 



CHEMICAL 

niobium, and tantalum also accompany 
silica, as also may zirconium or titanium, but 
none of these is volatilised, although with the 
first-named the final ignition temperature must 
not exceed 850° (Schoeller and Powell, Analyst, 
1928, 53, 258). 

Tin may be separated by dehydrating the 
silica with perchloric acid, as also may lead, 
although any lead sulphate can be removed with 
ammonium acetate. 

Fluorine interferes in the estimation of silica 
duo to the formation of volatile silicon fluoride. 
Losses are inappreciable if the amount of 
fluorine present is less than 0-3% or if the 
platinum basin has a good cover and there is an 
aqueous atmosphere inside during evaporation. 
The effect of fluorine is minimised by using 
boric acid or borax in the flux, although this 
necessitates the subsequent removal of boron. 

With large amounts of fluorine the Berzelius 
method as modified by Hoffman and Lundell 
(Bur. Stand. J. Bes. 1929, 3, 581) must be used. 

In this procedure the powdered sapipje (0-5 g.) 
is fused at dull red heat with equal parts of 
sodium and potassium carbonates and the melt 
extracted with hot water. The insoluble 
material is boiled with 2% sodium carbonate 
and the residue retained as part of the silica 
present. The filtrates are treated with zinc 
nitrate from 1 g. of zinc oxide, boiled, and filtered 
from a second silicious residue. Neutralisation 
of the new filtrate with nitric acid (methyl red as 
indicator) is followed by evaporation to 200 ml. 
and the addition of more nitric acid until the 
solution turns pink. To this is added a reagent 
made by dissolving 1 g. of zinc oxide, 2 g. 
ammonium carbonate in 20 ml. of water con- 
taining 2 ml. of concentrated ammonia. The 
mixture is boiled until ammonia is no longer 
evolved, concentrated to about 50 ml. , and diluted 
with an equal volume of water. The third 
silicious residue is filtered off, combined with the 
two previous ones, evaporated to dryness with 
hydrochloric ncid, washed with water con- 
taining the same acid (20 : 1), ignited, and 
weighed. 

Small quantities of silica may bo estimated by 
combining silica (1 mol), in dilute acid solution 
with molybdenum trioxide (12 mols.) and adding 
pyramidone (3 mols.). The insoluble pyra- 
midonc silicomolybdate yields a weighable pre- 
cipitate from very small amounts of silica 
(King and Watson, Mikrochem. 1936, 20, 49). 

Germanium. — The separation of germanium 
from other metals is easily carried out by boiling 
with GiV-hydrochloric acid when the volatile 
germanium tetrachloride distils and may be 
collected. With a good fractionating column 
and a current of chlorine, arsenic and antimony, 
which also form volatile chlorides, may be 
kept back. If large quantities of arsenic, 
sulphur, selenium, or tellurium are present, 
then a second or even third fractionation may be 
necessary to remove them completely. The 
germanium is recovered from the hydrochloric 
acid distillate by means of hydrogen sulphide 
which quantitatively precipitates white ger- 
manium sulphide in CA-acid. 

Like arsenic, germanium may be estimated by 
electrolytic reduction in alkaline solution, using 
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nickel electrodes, and decomposition of the 
resulting germanium hydrides by heat. The 
mirror of germanium so formed is compared 
with standards. Arsenic does not interfere if 
in the quinquevalent condition. The solution 
may also be reduced with sodium amalgam 
(Coase, Analyst, 1934, 59, 462, 747). 

Small quantities of germanium may be deter- 
mined by converting ammonium germanate to 
ammonium germanomolybdate and precipitating 
the insoluble pyridine salt 

(Py 4 H 4 [Ge(Mo 2 0,) 6 ]). 

Estimation op Germanium. — (a) As Ge0 2 . — 
The germanium is obtained as sulphide, washed 
well with 6A r -sulphuric acid saturated with 
hydrogen sulphide until free from chlorides, 
and dissolved in the least quantity of 10A- 
ammonium hydroxide. The solution is collected 
in a platinum dish and treated with hydrogen 
peroxide (3%) until oxidation is complete. After 
evaporation to dryness the residue is moistened 
with sulphuric acid, gently heated to remove 
ammonium sulphate and sulphuric acid, and 
finally ignited at 900°. The ammonium 
hydroxide should be made from freshly distilled 
ammonia and the ammoniacal solution should 
not come into contact with glass, otherwise 
high results arc obtained (Johnson and Dennis, 
J. Amer. Chem. Soc. 1925, 47, 790). 

(i) As Magnesium Orthogermanaie . — The ger- 
manium is obtained in solution as ammonium 
germanate by the method previously given. 
Excess of hydrogen peroxide is removed 
by boiling and the cold solution is made slightly 
acid with sulphuric acid and diluted to 70- 
100 ml. depending on the amount of germanium 
present. To this solution is added 20-25 ml. 
of 2A-ammonium sulphate, 15-25 ml. of N- 
magnesium sulphate, and 15-20 ml. of strong 
ammonia. After boiling for 2-3 minutes, the 
mixture is left overnight, the precipitate is 
filtered, washed with not more than 50 ml. of 
dilute ammonia (1:9), dried, and ignited. 
It is weighed as Mg 2 Ge0 4 . 

Tin. — The sulphides of the copper group 
(except mercury) may be separated from tin by 
precipitating them with sodium sulphide. 
The removal of mercury may be performed by 
means of ammonium sulphide, or by dissolving 
the tin sulphide in strong hydrochloric acid ; 
this latter method also serves to remove pentadic 
arsenic. Arsenic and antimony are best removed 
by precipitating them as sulphides in the presence 
of oxalic or hydrofluoric acid. Antimony is also 
precipitated as sulphide in 16'5% ammonium 
chloride which is 1-5A- with regard to hydro- 
chloric acid (Luff, Chem. Ztg. 1921, 45, 229, 249, 
254, 274). 

Unlike antimony, tin can be separated from 
'lead by precipitating the latter as sulphate. 
Lead, together with copper, zinc, antimony, 
nickel, cobalt, iron and bismuth, is removed 
by using phenylarsonic acid, which only pre- 
cipitates tin; zirconium and thorium arc also 
precipitated. 

In the dehydration of the silica it is best to 
use sulphuric or perchloric acid ; nitric acid 
causes co-precipitation of tin, as the insoluble 
metastannic acid. 
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Tm in .is lie Fe[winiteil from fourth group 
metals by precipitation with ammonia in the 
presence of ammonium salts, while cupferron 
may al'O be used for this purpose; the latter 
method aLo removes aluminium, and chromium 

Estimation of Tec.— (a) As SnO s — The 
solution, containing stannic tin,u treated swth 
ammonia and ammonium chloride as described 
under aluminium and the precipitate is washed 
with hot 2% ammonium nitrate until chlorides 
am thoroughly removed The dried preopitatc 
is carefully hinted until the paper is charred 
and finally at I,100' 1 -1,200'\ preferably in a 
muffle furnace; it is weighed as SnO. 
Ammonium nitrate may be used instead of 
chloride in the precipitation. 

Tin in non ferrous alloys may be converted to 
dioxide by heating with dilute mine and (1 3- 
2.V-) for 2-3 hours at DO'-lOO® The pre- 
cipitate is washed with hot water containing" 
n little nitric acid and ignited as described abov e 
Many elements may, however, contaminate the 
precipitate. Tm may also be precipitated as the 
sulphide, which is washed with ammonium 
nitrate and ignited to oxide , ammonium 
carbonate facilitates the oxidation. 

(t) 11’ifA C upferron — Metals like copper, lead, 
tcrvalent arsenic, and antimony are first remov ed 
by precipitating as sulphides in the presence of 
hydrofluoric acid, and the filtrate (containing 
01 g. of Si per 200 ml ) is boiled until free 
from hydroeen sulphide Boric acid (4 g.), 
concentrated sulphuric acid (2 ml ) and hydro 
chloric acid (5 ml) are added, followed, while 
stirring, by excess of cold aqueous 10% cup 
ferron. Stirring is continued for about 40 
minutes or until the precipitate becomes com 
pact, it is filtered through a fine paper, washed 
with cold water, dried, and ignited as previously 
described to SnO. (Kling and Lassieur, Compt. 
rend 1920. 170. 1112; Furman, Ind. Eng 
Chem. 1923, 15, 1071) 

(c) I1VA Phenylarsmic Acid. — From a hot 
2-3-3% (by volume) hydrochloric aetd or not 
more than 7 3% sulphuric acid solution (150- 
200 ml ) containing 0 1-0 3 g of tin, the metal 
is precipitated by adding 33 ml. of saturated 
aqueous phcnylareonic acid solution. After 
several hours the precipitate is filtered (with 
the aid of paper pulp if necessary), washed with 
4% ammonium nitrate, and ignited to SnO,. 
Good separation is obtained from copper, zinc, 
lead, antimony, nickel, and cadmium. With 
iron reprceipitation is necessary, whereas in the 
case of bismuth the maximum allowable con- 
centration of hy droehloric acid is used to prevent 
hydrolysis (Knappcr, Craig, and Chandler, J. 
Amer. Chem Soc. 1933, 55, 3945). 

Lead. — The precipitation of lead as sulphide 
from dilute acid solution separates it from the 
metals oflatcrgroups with the possible exception 
of nickel. For complete precipitation the 
solution should not be more than 1 4 A’- with 
regard to hydrochloric acid or O 3.Y- to nitnc 
acid. The arsenic group is removed by pre- 
cipitating with alkali sulphide. 

The insolubility of lead sulphate also provides 
good -separations It is necessary to evaporate 
the solution until fumes of sulphuric appear and 
at least twice if hydrochloric or nitnc acid is 


present. Silica, tungsten, niobium, tantalum 
and the alkaline earth metals interfere, as may 
also bismuth, antimony, or sdv er. Silica can be 
removed by dissolving the lead sulphate in 
ammonium acetate or better by treatment n ith 
hydrofluoric and sulphuric acids. 

Tungsten, niobium and tantalum are 
separated by precipitating lead sulphide from 
acid or alkaline solutions containing tartrate. 

Precipitation as bismuthyl salts effects the 
rernov al of bismuth or, alternatively, the lead is 
precipitated as chromate in noetic acid-aretate 
solution. If ammonium dichromate in nitnc 
acid solution is u*ed, then silver, copper, 
cadmium, zinc, nickel, manganese, feme, 
aluminium, calcium, strontium or barium ions 
arc not precipitated (Karaoglanov and Michor, 
Z. anal. Chem 1933, 103, 113). 

A separation from silver, mercury, cobalt and 
nickel is obtained when lead is precipitated as 
carbonate from dilute pyridine solution (set 
below). 

Estimation ov Lead. — ( a) As Sulphate — 
The solution is treated with enough sulphuric 
acid to provide a fair excess and evaporated 
down untd it fumes After coohng, the sides 
of the vessel are washed down and the evapora- 
tion repeated. Water is now added and, after 
one hour, the precipitate is filtered through a 
Gooch crucible, washed with dilute sulphuric 
acid (3% by volume), and dried by heating 
slowly to 500°. If admissible, the dilution of the 
evaporated solution may be made with aqueous 
alcohol, as lead sulphate is somewhat soluble in 
dilute acid 

(6) As J lolybdate . — The neutral lead solution 
containing about 0 5 g. lead in 200 ml is treated 
with S drops of nitric acid, and to the boiling 
solution is added, drop by drop, a slight excess 
of 2 5% ammonium molybdate. After boding 
for one minute dilute ammonium hydroxide 
(1:2) is added untd the liquid is 'neutral, 
followed by a few drops of acetic acid. After a 
few minutrs the supernatant liquor is decanted 
through a Gooch crucible or paper, the pre- 
cipitate washed with hot 2% ammonium nitrate 
first by decantation and finally after trans- 
ferring the precipitate to the paper or crucible. 
The lead rnoly bdatc is dned and ignited at a dull 
red heat (Wciser, J. Phvs. Chem. 1916, 20, 
659). 

(c) As Carbonate — The neutral solution 
containing not more than 02 g. of metal in 80 
ml is treated with 5 ml. of alcohol and 15 ml. of 
10% aqueous pyridine, after which carbon 
dioxide is passed in for 45 minutes. The 
mixture is allow ed to stand for 3 hours, carbon 
dioxide again passed for 5 minute*, the pre- 
cipitate filtered and washed with water con- 
taming 4% alcohol and 0 4% pyridine which 1* 
saturated with carbon dioxide. The pre- 
cipitate may be dned at 120® and weighed as 
PbCOj, or preferably ignited to PbO (Jflekand 
Kola, Coll. Czech. Chem. Conun. 1033, 5, 306; 
1934, 6, 101 ; Chem. Listy, 1933, 29, 299). 

Titanium. — Precipitation with hydrogen sul 
phide in acid solutions containing tartanc acid 
serves to separate the copper and arsenic group*, 
while, if the filtrate is rendered ammonia cab 
hydrogen sulphide again passed and about 
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5 ml. of neutral ammonium sulphite added, then 
iron, cobalt, nickel, zinc and manganese 
(partially) are removed. Cupferron quantita- 
tively precipitates titanium in dilute sulphuric 
acid solution, while aluminium, chromium, 
phosphorus, nickel, manganese and uranyl 
salts are not precipitated. 

Molybdenum, vanadium, phosphorus, alumin- 
ium and beryllium are conveniently removed by 
precipitating titanium with sodium hydroxide. 
Beryllium may also be removed by boiling an 
almost neutral solution with p-ehloroaniline, 
when only titania is deposited (Uixon, Analyst, 
1929,54,208). 

The separation of zirconium and titanium is 
best accomplished by the method of Powell and 
Schoeller (Analyst, 1930, 55, 005). The mixed 
oxides obtained by hydrolysis of the neutral 
chlorides with sodium thiosulphate (which 
removes iron) are fused with ten times their 
weight of potassium bisulphate and the mass 
dissolved in 50 ml. of boiling water containing 
2-3 g. ammonium oxalate. The solution is 
neutralised to a faint turbidity with ammonia, 
one drop of dilute hydrochloric acid added and 
the solution diluted to 200-250 ml. with 15% 
ammonium chloride solution. A 10% tannin 
solution is added drop by drop to the boiling 
solution in amount sufficient to provide twelve 
times as much tannin as there is titanium 
present, the solution being vigorously' stirred. 
The precipitate is collected on a filter paper by’ 
gentle suction (a cone being used), washed with 
hot 12% ammonium chloride, and ignited to 
titania. 

Zirconium (with hafnium), aluminium or tho- 
rium is recovered from the filtrate by' rendering it 
weakly ammoniacal, and boiling with excess of 
tannin. The resulting precipitate is treated as 
for titanium,' but it needs purification by fusion 
with' bisulphate and precipitation with thio- 
sulphate. 

Precipitation of titania with guanidine carbon- 
ate in tartrate solution removes aluminium, 
chromate, tungstate, molybdate, uranyl, arsenite 
or thallous ions (Jilek and Kola, Coll, Czech. 
Chem. Comm. 1932, 4, 412). 

Separations from niobium and tantalum are 
given under these metals. 

Estimation of Titanium. — («) With Selenious 
Acid . — The cold solution in dilute hydrochloric 
acid is treated with enough ammonia to reduce 
the acid below iV/5 in strength and 5% aqueous 
selenious acid is added with stirring until the 
precipitate coagulates. After settling for a few 
hours the precipitate is filtered with the aid of 
paper pulp, washed with cold water, dried, and 
carefully ignited to remove selenium ; it is 
weighed ns TiO a (Berg and Teitelbaum, Z. 
anorg. Chem. 1930, 189, 101). Beryllium, 
magnesium, aluminium, manganese, nickel, 
cobalt and the alkaline earths do not interfere. 
TiO„ contains 59-95% Ti. 

(i) With Tannin and Antipyrinc . — A solution 
containing not more than 0-1 g. of titania as 
sulphate is treated with ammonia until the odour 
persists and the resulting turbidity' is cleared 
with 10 ml. of strong sulphuric acid ; 40 ml. of 
10% aqueous tannin are added and the solution 
diluted to 400 ml. To the cooled solution is 


added 20% antipyrinc solution with stirring 
until the titanium is deposited as a fioceulent 
orange-red precipitate. Stirring is discontinued, 
but antipyrinc is still added until only a white 
caseous precipitate and no more orange-red 
precipitate is formed. The mixture is boiled, 
the flame removed, 40 g. of ammonium sulphate 
added, and the liquid cooled with occasional 
stirring. The precipitate is filtered through a 
paper fitted with a cone and under slight suction. 
The washing fluid consists of 100 ml. of water, 
5 g. of strong sulphuric acid, 10 g. of ammonium 
sulphate, and I g. of antipyrine. After drying 
at 105° the precipitate is carefully ignited 
and weighed as TiO a . Should the original 
solution have contained alkali metals, the 
ignited oxide must be washed with hot water, 
filtered, and re-ignited. 

This method is very useful for estimating 
small amounts of titanium and also provides a 
separation from Fe, Al, Cr, Mn, Ni, Co and 
Zn. Phosphates and silicates do not interfero 
(Moser, Netimayer, and Winter, Monatsh. 1930, 
55, 85). 

Zirconium (with hafnium). — These two 
metals are so closely allied that the separation 
of the one from the other is only possible by' 
tedious methods of fractionation. The separa- 
tion of one of them froifi other metals will also 
involve the removal of the other. 

In the main, zirconium resembles titanium, 
and methods which serve to separate the latter 
from contaminating metals will serve for thu 
former also. In addition, zirconium may bo 
precipitated as phosphate from solutions con- 
taining 10% by volume of sulphuric or hydro- 
chloric acid. This procedure removes a number 
of elements, while if hydrogen peroxide is also 
added titanium docs not interfere. 

Separations from titanium, niobium or 
tantalum arc listed under these metals. Titanium 
may also be separated by precipitating zirconium 
as iodate in 0-3.V-sulphuric acid containing 
hydrogen peroxide (Beans and Mossman, J. 
Amcr. Chem. Hoc. 1932, 54, 1905). 

Cupferron quantitatively precipitates zir- 
conium from cold (5 C ) sulphuric acid solution 
(10% by volume). The precipitate after wash- 
ing with dilute hydrochloric acid (1 : 10) is 
carefully' ignited to ZrO z . A rapid separation 
from Al, Cr, UO.,", and small amounts of 
phosphorus is thus possible. 

Estimation of Zikconium. — (o) As Phos- 
phate . — To an approximately 10% (by volume) 
sulphuric acid solution containing 0-1 g. 
Zr(S0 4 ) 2 per 200 ml. is added considerable 
excess (10-100 times) of freshly prepared 10% 
aqueous ammonium phosphate. The smaller 
the amount of zirconium present the larger is the 
excess required. The acidity is now adjusted to 
10% by volume and the mixture heated for 2 
hours at 40°— 50°. If much zirconium is present 
the precipitate may be filtered after settling, but 
with small quantities it is better to leave it over- 
night. Filtration is aided with paper pulp and 
washing is done with cold 5% ammonium 
nitrate until excess of phosphate has been 
removed. After drying, the precipitate and 
paper are heated carefully until all the carbon 
has been oxidised and then ignited over a 
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blowlamp. With small precipitates the zirconium 
19 weighed as ZrP t O,. but, owing to the ready 
hydrolysis of the phosphate, it is better to con- 
vert Into ZrOj. 

For this purpose the ignited residue is fused 
with sodium carbonate, the melt extracted with 
water, and the zircoma after filtration is washed 
with 1% sodium carbonate, then with water, and 
ignited. 

(i>) As Baste Selenite . — The solution, in 
approximately 5% by volume of hydrochloric 
acid (sulphate ia undesirable), and having about 
0 2 g. of ZrO t in 200 ml., is treated with 20 ml 
of 12 5% aqueous selenious acid and heated to 
boiling After settling, the precipitate is filtered, 
washed with hot dilute hydrochloric acid 
(3 : 97) containing a little selemous acid, dried, 
ignited, and weighed as ZrOj. 

This method effects a separation from 
aluminium and the rare earths (cerium must be 
tervalent), while small quantities of iron (up to 
20% of the zirconium) do not interfere if the 
precipitation is conducted m a more dilute 
solution (400-700 ml ). In this case 30-50 ml. 
of precipitant are necessary (James and Smith, 
J. Amer. Chem. Soc. 1920, 42, 1764). 

Thorium. — Together with the rare earths, 
thorium may be separated from other metals by 
precipitating as oxalate or fluoride. The oxalate 
is soluble in ammonium oxalate or strong mineral 
acids and therefore the precipitation should be 
made by adding oxalic acid to thorium in not 
more than 0 4.Y-hydrochlonc acid. Thorium 
fluoride is insoluble in ddute mineral acids, 
but in the presence of the latter the precipitation 
is more complete if ammonium fluoride be 
added Considerable excess of this reagent 
prevents the precipitation of scandium; the 
latter 19 also removed by precipitating thorium 
lodate with excess of potassium lodate in 
strong mtric acid solution (Meyer, Z. anorg. 
Chem. 1911, 71, 65) The method also serves for 
the separation of tervalent cerium, didymium, 
phosphoric acid, and many common metals, 
but not of titanium or zirconium. The latter are, 
however, removed bj’ the oxalate method or by 
precipitating them as phosphates in dilute 
sulphuric and. 

Thorium is precipitated with sodium pyro- 
phosphate in a 0 3 A' hjdrochlonc acid solution, 
while Ce"‘, La, Prand N d are not precipitated. 

A separation from the rare earths is also 
obtained by means of sodium thiosulphate 
which precipitates thorium (also Sc, Ti, Zr and 
Al) from boiling solutions The separation is 
not quite sharp, especially with the yttna 
group, and repetition of the whole process is 
necessary. The precipitation is made by treat- 
in); the neutral chlonde solution with two drops 
of hydrochloric acid, boiling, and adding 2 g. of 
the reagent. The precipitate is filtered after 
boiling for 15 minutes and w ashed w ith hot w ater. 
The filtrate is precipitated with nmmonfa, the 
rare earths dissolved in hydrochloric acid, 
evaporated to dryness, taken up in water, and 
again treated as above. 

Sebacic acid precipitates thorium as sebacate 
uncontaminated by Ce, La, Pr, Nd.'Sa and Gd. 

Estimation ov Thorium. — (a) A* Oxalate.— 
The thorium (0 1 g. ThO t per 100 ml ) m0 3»V- 


hydrochlonc acid is precipitated from a boding 
solution w ith considerable excess of oxalic acid, 
left overnight, collected, and washed with a 
solution of 40 ml. hjdrochlonc acid and 2a g. 
oxalic acid m a litre of water. The precipitate 
is ignited at 1,100° and weighed as ThO,. 

(6) With Sebacic Acid. — To the boiling 
neutral solution is added 3-10 ml. of 3% sebacic 
acid in alcohol with stirring. The voluminous 
precipitate is filtered, washed with hot water, 
dned, and ignited to ThO z . If cerium is 
present, the precipitate, after drjing, is warmed 
at 100° with fuming nitric ncid until no more 
brown fumes are evoh ed, the solution is eva- 
porated to drj ness, dissolved in 100 ml. of water, 
and the thorium is repreeipitated as above 
(Smith and James, J. Amer Chem. Soc. 1912, 
34, 281 ; L. Kaufman, J. Appl. Chem. Russ. 
1935, 8, 1520). 

Nitrogen. — For the ultimate analjsia of 
nitrogenous materials, see the section on organic 
analysis, p 617. 

Ammonium.-— Estimation as Platini- 
chloride — This gravimetric determination is 
carried out as for potassium, the precipitate 
being ignited to Pt. 

More usually the ammonium compound is 
heated with caustic alkalis, and the evolved 
ammonia absorbed m standard acid, excess of 
which is titrated (see Volumetric Analysis, 
p 645) 

Nitrates.— Estimation with Nitron Ace- 
tate — About 0 1 g. of the nitrate in 100 ml. of 
water containing a little acetic acid is heated to 
boilrng and 1 0 ml. of a 10% solution of the base m 
A'-acetic acid is added The precipitate w 
filtered after standing for 24 hours, washed with 
a little saturated aqueous solution of nitron, 
dried at 110°, and weighed. The precipitate 
contains 16 79% NO, (Winkler, Z. ongevv. 
Chem. 1921, 34, 46). 

Nitrites interfere but can be removed by prior 
treatment with hydrazine sulphate Bromides, 
iodides, chlorates, perchlorates, chromates and 
perrhenates interfere, as also do large amounts of 
chlorides. 

Nitrates, nitrites, and many other nitrogen 
fnnvnnDDds we generally determined by volu- 
metric methods, often after reduction to 
ammonia. This reduction is usually effected 
either by a zinc-copper couple or more con- 
veniently by means of Devarda's alloy and 
alkali. The ammonia is steam distilled into 
standard acid as in the Kjeldahl method 
(Devarda, Z. anal. Chem. 1894, 33, 113 ; Cahen, 
Analyst, 1910, 35, 307) ( see Volumetric 
Analysis, p. 664). 

Phosphorus (as phosphates). — Precipitation 
of phosphorus as phosphomolybdate is by wx 
the most important method of separating it from 
other elements. Arsenic, vanadium, titanium, 
zirconium, silica, organic compounds, _ and 
excessiv c amounts of ammonium salts or mineral 
acids interfere. Arsenic Is co-precipitated when 
the determination is made at 60°-70°, but not to 
any great extent at ordinary temperature. 
Titanium and zirconium in large amounts, or it 
much phosphate is present, interfere because oi 
the insolubility of their phosphates. They may 
be removed by fusing any residues with aodiura 
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carbonate or peroxide and extracting the alkali 
phosphate with water. In the presence of small 
amounts of phosphate they may, together with 
vanadium, be removed by means of cupferron. 
Vanadium as well as arsenic can be separated 
by heating in hydrogen chloride at 400°-450° 
(Travers and Lu, Compt. rend. 1933, 196, 
703). Silicon is removed by the usual dehydra- 
tion method. 

Phosphates may also be separated by adding 
fuming nitric acid and tin to a concentrated 
nitric acid solution at 86°. The insoluble com- 
plex of stannic oxide and phosphoric acid is 
filtered, washed with hot water, dissolved in 
caustic potash, and saturated with hydrogen 
sulphide. Stannic sulphide is removed after 
acidification of the solution with acetic acid. 

Phosphate ions may also be removed by pre- 
cipitating with slight excess of lead acetate in 
acetic acid (Bougault and Cattelain, J. Pharm. 
Chim. 1931, (viii), 14, 97, 417 ; Compt. rend. 
1931, 193, 1093) or by excess of solid bismuth 
oxynitrate in 2-5iV-nitric acid solution which 
is finally diluted to 0-5N- (Kesans, Latvij. 
Univ. Raksti, 1929, 1, 65). These methods 
provide separations from the common metals of 
tho third to sixth analytical groups. Precipita- 
tion as zirconium phosphate may also be used. 

Small amounts of phosphorus may be con- 
centrated by adding a little iron or aluminium 
salt and precipitating either with ammonia or 
by the basic acetate method. The precipitate is 
dissolved in nitric acid and the phosphate deter- 
mined ns phosphomolybdate. 

Phosphorus in iron and steel is usually deter- 
mined as phosphomolybdate. If possible the 
metal or alloy is dissolved in nitric acid, the 
solution is evaporated to dryness, ignited, and 
dissolved in hydrochloric acid, boiled, and again 
evaporated to remove silica. The residue is 
treated with hot water, silica filtered off, and the 
filtrate after evaporating to dryness is taken 
up in nitric acid and phosphate estimated as 
indicated. Double precipitation may be 
necessary to remove traces of iron. 

Stainless steels which are insoluble in nitric 
acid must be dissolved in aqua regia or preferably 
in hydrochloric acid followed by evaporation 
with nitric acid as recommended by Evans 
(Analyst, 1929, 54, 286). 

Estimation of Phosphate. — ( a) As Phospho- 
molybdate . — The solution containing about 
0 05 g. of phosphorus (as orthophosphate) in 
100-200 ml. of 5-10% (by volume) nitric acid and 
5-15 g. of ammonium nitrate is heated to 50° 
and a 15-25-fold excess of the reagent added 
with vigorous shaking or stirring. After some 
time (depending on amount present or presence 
of substances such ns chlorides or sulphates 
which delay precipitation) the precipitate is 
filtered, washed with 5% ammonium nitrate 
containing a little nitric acid, dissolved in 
ammonia, and the phosphate precipitated with 
magnesia mixture. The precipitate of phos- 
phomolybdate is not suitable for direct weighing, 
ns its composition varies somewhat with the 
conditions of precipitation. 

The ammonium molybdate reagent is made by 
mixing 100 g. of molybdic anhydride with 400 
ml. of water and 80 ml. of ammonium hydroxide. 
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After filtering, the solution is poured with 
agitation into 400 ml. of nitric acid and 600 ml. 
of water. It is filtered after stirring for 2 hours. 

If vanadium is present it may either be kept 
in the quadrivalent state by means of ferrous 
sulphate or it may be precipitated as the phos- 
phate in the presence of a large excess of nitric 
acid. 

(6) As Magnesium Pyrophosphate . — The neu- 
tral or weakly acid solution, which must not 
contain more than 0-2 g. of phosphorus as 
P 2 O s , is treated with 5 ml. of strong hydro- 
chloric acid, a few drops of methyl-red, and 
enough water to bring to 150 ml. Acid mag ; 
nesia mixture is added in 5-10-fold excess 
the solution cooled in ice, and strong ammonia 
added with stirring until the solution is neutral. 
Stirring is continued for 5 minutes, after which 
a further 5 ml. of ammonia are added, also with 
stirring. The mixture is left for at least 4 hours, 
the precipitate filtered and washed with 3-5% 
(by volume) of ammonia. Eor the most 
accurate results the precipitate is dissolved in 
50 ml. of w r arm N -hydrochloric acid, diluted 
to 150 c.c., treated with methyl-red, and 2 ml. 
of magnesia mixture, and reprecipitated as 
above. After drying, the precipitate is ignited, 
carefully at first until the paper is burnt and 
finally at 1,000“ (Epperson, J. Amer. Chem. Soc. 
1928, 50, 321 ; Hoffman .and Lundell, Bur. 
Stand. J. Res. 1930, 5, 279 ; Tananaev and 
Savtschenko, Ukrain. Chem. J. 1932, 7 (Sci.), 
203). 

Arsenic. — Tho outstanding method of 
separating arsenic from other metals is by dis- 
tillation of arsenious chloride from hydrochloric 
acid solution, when, if tho distillation is carried 
out slowly, the only probable contamination 
is germanium. Numerous reducing agents have 
been suggested for maintaining the tervalent 
condition of the arsenic ; of these there may be 
mentioned ferrous sulphate, hypophosphorous or 
phosphorous acids, hydrazine sulphate and 
potassium bromide, hydriodic acid or pyro- 
gallol. For appreciable amounts of arsenic it is 
advisable to pass a current of hydrogen chloride 
during distillation, in which case a suitable 
absorption train is necessary. 

Arsenic may be separated from many metals 
by precipitation as pentasulphide from ice-cold 
10 A -hydro chloric acid, or as trisulphide from 
9A r -acid at ordinary temperature. Germanium, 
molybdenum, mercury, copper, and rhenium 
interfere, but antimony and tin do not. Precipita- 
tion of quinquevalent arsenic with magnesia 
mixture from cold ammoniacal solutions con- 
taining tartrate or citrate also serves to remove 
antimony, tin or germanium. Large amounts 
of ammonium salts should be absent, while 
considerable excess of the reagent is necessary. 
Washing should be done with dilute ammonium 
hydroxide. 

An excellent separation from antimony is 
obtained by precipitating arsenate with silver 
nitrate and estimating the silver in the silver 
arsenate by Volhard’s method (see Volumetric 
Analysis). 

Small amounts of arsenic are usually deter- 
mined by reducing to arsine and either heating 
this to form a metallic stain of arsenic or allowing 
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it to act on dry paper impregnated -with lines laid down for these elements. Arsenic 
mercuric chloride or bromide, when yellow can be removed by distillation, by precipitation 

to brown stains are obtained. The results as sulphide from strong hjdrochlonc acid or as 
obtained are then compared with standards silver arsenate (see Arsenic) 
previously made. Silver nitrate test papers may Antimony is removed from tin, by pre- 
also be used (®. Arsenic, Vol. I, pp. 470-471). cipitating it as sulphide in the prcsenco of 
Reduction is usually accomplished by means of tartaric and oxalic acids or of phosphoric acid 
zinc and dilute sulphuric acid to which very (Henz, Z. anorg. Chem. 1903, 37, 18 ; Vortmann 
small quantities of ferric alum and stannous and Metzl, Z. anal. Chem. 1005, 44, 532). 
chlorido are added, and the issuing gas (arsine-t- Ilenz’s procedure is as follows : 
hydrogen) is scrubbed free from hj drogen Tho sulphides (not more than 0 3 g of the 
sulphide by means of lead acetate before being metals) are dissolved in excess of aqueous 
allowed to act on the test paper. FortheMaTsh caustic potash and 3 g tartaric acid added, 
or metallic stain method, electrolytic reduction is Hydrogen peroxide is added in slight excess 
often used {see Electrochemical Analysis, p 700). and the solution boiled for a few minutes. 
Estimation of Arsenic. — ( a) AsTrisulphide. after which a hot solution of 15 g. of oxalic and 
—The strong hydrochloric acid solution (9 A’-) is added. When the v igorous action ceases, the 
containing only tcrvalent arsenic is treated with solution is again boiled to destroy excess of 
a rapid stream of hydrogen sulphide at room peroxide, diluted to 100 ml , and hydrogen 
temperature until all tho arsemous sulphide is sulphide passed into the hot solution for 15 
precipitated. Filtered after ono hour, it is minutes after the first appearance of the 
washed with 8.V -hydrochloric acid saturated orange precipitate. It is now diluted to 250 ml , 
with hydrogen sulphide, then successively with heated, and hydrogen sulphide passed for 15 
alcohol, carbon disulphide, and alcohol and dried minutes, after which the flame is removed but 
at 103°. It is weighed ns As 2 S 3 . Sometimes a the gas still passed for a further 10 minutes 
film of sulphide adheres to the glass vessel in The precipitate is filtered on a Gooch crucible, 
which precipitation was earned out, but this washed first with 1% oxalic acid and then with 
can bo dissolved m a little ammonia and the 1% (by volume) acetic acid, both washwaters 
sulphide reprccipitatcd with tho acid washing being hot and saturated with hydrogen sulphide, 
liquor. The precipitate is then treated as given below. 

(6) A a Magneswm Ammonium Arsenate. — Estimation of Antimony — (a) As Svlphdt 

This easy and convenient method suffers from Sb 2 S 3 — The solution m 2A’-hvdroehlorw 
tho disadvantage that it is extremely difficult to acid is heated to boiling and a rapid stream of 
secure comparablo results when the precipitate hydrogen sulphide is passed in while the liquid 
is ignited to Mg 2 As 2 0,, for even traces of is kept at 90°-100°. The flask is gently shaken 
organic matter or other reducing agents inter- at intervals and the current of gas decreased as 
fere. Many procedures have been adv ocated for the precipitate darkens. After about half an 
overcoming this difficulty. Furthermore, certain hour the sulphide is black and crystalline. An 
salts hav o a deleterious effect, w hile tho arsenato equal v olume of w ater is now added and 
is more soluble in tho presence of ammonium hj drogen sulphide again passed into tho hot 
ions than is the phosphate Dick (Z anal solution for some minutes. Filtration is through 
Chem. 1933, 93, 420) has recommended weighing a Gooch crucible, while washing is done with 
the precipitate as MgN H ,As0,,GH 2 0, andhia water followed by a little alcohol. The crucible 
method is ns follows : and precipitate arc slowly dried at 100”-I20° 

The concentrated arsenate solution is treated in a current of carbon dioxide and then at 280” 
with 3-5 g of ammonium chlorido and 10-15 for 2 hours. After cooling in carbon dioxide 
ml of magnesia mixture. Hydrochloric ncid is it is weighed as Sb 2 S 3 (Vortmann and Metzl, 
now added, drop bj drop, until the prccipitato l c. ; Cahen and Morgan, Analyst, 1900, 34, 3) 
which has formed is dissolved. To tho cold Alternatively tho precipitate, dried at 100 , 
solution is added with stirring one drop of phenol- may bo converted by means of fuming nitric 
phthalcm and enough 2 5% ammonia to turn acid and ignition at 800° into the tetrovidf, 
the solution red, nftrr which an amount of Sb t 0 4 

concentrated ammonia is added equal to one- Bismuth. — The separation of bismuth together 
third of the volume of the solution The total with other members of the copper group presents 
volume should now contain not less than 0-1 g no difficulties and is quantitative provided that 
of arsenic per G0-70 ml. After cooling in ice the concentration of hydrochloric acid present 
water for 1-2 hours the precipitate is filtered is not greater than about 4 A'- and that thepre- 
through a tared Gooch crucible, washed with cipitation is carried out at room temperature 
2 5% ammonia followed by alcohol and ether. (Mnnchot and others, Z anal. Chem. 1923, 67, 
After drying in a vacuum desiccator it is weighed 177). 

as MgNHjAsOj.flHjO, which contains Separation from the arsenic group is accom- 
25 90% As. phshed by precipitating the sulphide with 

Tho magnesia mixture is made by dissolving ammonium sulphide. Alkali sulphides or di- 
50 g. of MgClj,6H.O and 100 g. of NH 4 CI sulphides cannot be used, as bismuth sulphide 
in 500 ml of water, adding ammonium hydroxide is soluble m these though not in the hydro- 
in slight excess and filtering after 12 hours, sulphides 

Tho solution is then made just acid and diluted The other members of the copper group 
to ono litre. usually removed by precipitating the bismutn 

Antimony. — The separation of antimony from as oxjchloride, oxynitrate, or oxjbromwf. 
metals other than arsenic and tin follows the Moser and Maxymowicz {ibid. 1925, 67, *■* 1 
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state that the latter method provides the best 
separation and recommend the following pro- 
cedure. The nitrate solution, from which any 
appreciable amounts of chlorides or ammonium 
salts should be absent, is treated with sodium 
carbonate solution until the precipitate formed 
by each drop dissolves only with difficulty on 
stirring. After dilution to 200-300 ml. there is 
added 2 g. solid potassium bromate, the solution 
boiled and any precipitate that remains after 
boiling is cleared with a few drops of dilute nitric 
acid. To the boiling solution is added, drop 
by drop, a 10% solution of potassium bromide 
until the solution becomes deep brown. The 
beaker is covered with a clock glass and the 
solution boiled until most of the free bromine 
has been expelled and the colour has become a 
clear yellow. A little more bromide is added 
and if the colour does not deepen, a little dilute 
nitric acid is added together, if necessary, with 
some bromate, so that free bromine shall be 
present in the solution ; this excess of bromine is 
boiled off, the precipitate filtered through a 
filter crucible, vashecl with hot water, and dried 
at . 105°-110°. It is weighed as BiOBr 
(=68-52% Bi). For more exact work and where 
much lead is present the precipitate may be 
dissolved in hot nitric acid and the operation 
repeated. 

Precipitation as oxyiodide has also been 
recommended, especially for micro-analysis 
(Strcbinger and Zins, Z. anal. Chem. 1927, 72, 
417). 

Various organic compounds and certain co- 
ordination compounds of cobalt give precipitates 
with bismuth salts in the presence of potassium 
iodide which may be used for the estimation of 
bismuth (G. Spacu and P. Spacu, ibid. 1933, 93, 
200 ; Hecht and Reissner, ibid. 1935, 103, 88). 

Estimation of Bismuth. — (a) With Cup- 
ferron . — The bismuth solution (about 200 ml.) 
containing nitric or hydrochloric acid is treated 
with a 5% cupferron solution until there is 
present at least three times as much by weight 
of cupferron as of bismuth. After boiling, 
ammonia is added until the liquid is alkaline to 
litmus and then nitric acid to make it just acid. 
The precipitate is filtered through paper, washed 
with 01% cupferron containing a little nitric 
acid, and ignited under good oxidising conditions. 
It is weighed as Bi 2 0 3 . 

Tins method separates bismuth from cadmium, 
lead, arsenic, mercury, zinc and quinquevalent 
antimony (Pinkus and Demies, Bull. Soc. chim. 
Bclg. 1928, 37, 267). 

(6) With O.rine . — The nitrate solution con- 
taining enough tartaric acid to prevent pre- 
cipitation on neutralising with ammonia 
(phcnolphthalein) is, after this procedure, made 
weakly acid with acetic acid. Ammonium or 
sodium acctnte (1-2 g. for each 0-05 g. Bi 
present) is added, the solution heated to 60°-70°, 
precipitated with a cold saturated solution of 
8-hydroxy-quinoline (oxine) in alcohol or 
acetone, and the mixture boiled. On cooling, 
the precipitato is filtered through a crucible, 
washed with hot water, and dried at 130°. 
(C s H 6 ON) 3 Bi contains 32-60% Bi. 

( c ) As Oxide . — The bismuth in nitric acid 
solution (chlorides and sulphates must be 


absent) is nearly neutralised with ammonia, 
the solution diluted to 200 ml. and a saturated 
solution of ammonium carbonat e added in slight 
excess. The mixture is heated to boiling and 
then kept on a steam bath for 2 hours. 
The precipitate is filtered on to paper, washed 
with hot water and dried. The bulk of the 
precipitate is removed from the paper on to a 
watch glass, the residue dissolved in a little 
nitric acid, and this solution evaporated to dry- 
ness in a weighed platinum crucible or dish. 
The oxide on the watch glass is now added and 
the whole ignited and weighed as Bi 2 O a . 

{d) With Pyrogallol . — Aqueous pyrogallol is 
added in slight excess to'the boiling acid solution 
followed by ammonia until alkaline to litmus 
and then just acidified with dilute nitric acid. 
After settling, the yellow precipitate is filtered 
on to a weighed filter crucible, -washed with very 
dilute nitric acid, and then with water, dried at 
110°, and weighed as C 6 H 3 O a Bi (=62-95% Bi) 
(Feigl and Ordelt, Z. anal. Chem. 1925, 65, 448). 

Vanadium. — Fusion with sodium carbonate 
and potassium nitrate followed by extraction 
with water serves to separate vanadium from 
many elements. Arsenic, chromium, molyb- 
denum, tungsten, etc., however, accompany 
vanadium. The vanadium can be separated 
from chromium, arsenic, sexavalent uranium 
and phosphorus by precipitation with cupferron 
(6% solution) in 3-4.V-sulphuric acid solution. 
Molybdenum may be separated by precipitation 
with hydrogen sulphide although it is necessary 
to have tartaric acid present to prevent co- 
precipitation of vanadium (see Molybdenum). 

A good separation from many elements may 
also be obtained by co-precipitating quinqui- 
valent vanadium with ammonium phospho- 
molybdate. The precipitation is quantitative if 
the solution contains at least five times as much 
phosphorus as vanadium, but in the quadrivalent 
state vanadium is not precipitated. 

Heating at 400° in a current of dry hydrogen 
chloride causes the volatilisation of vanadium 
oxychloride. Some of the vanadium may be 
reduced in the process and so become non- 
volatile ; in this case the residue must be oxidised 
by evaporating with nitric acid and the process 
repealed. The oxychloride is collected in water. 

Iron and molybdenum may be removed by 
extraction with ether from cold dilute hydro- 
chloric acid solution ; the separation is not com- 
plete, ns a little vanadium is also extracted. The 
latter should be in the quadrivalent condition. 

Estimation of Vanadium. — Undoubtedly 
vanadium is best estimated volumetrically, for 
all the gravimetric methods require that the 
metal shall be free from interfering elements. 

(a) With Mercurous Nitrate . — To the boiling 
alkali vanadate solution, which must bo free 
from ammonium salts, but may contain a little 
nitric acid, is added 3 ml. of 10% hydrogen 
peroxide and a large excess of mercurous 
nitrate solution (saturated solution of the salt 
in hot water). Boiling is continued in a covered 
beaker for half an hour to destroy excess of 
peroxide, the precipitate filtered, washed with 
cold water, dried, and detached from the paper, 
which is ashed separately, and ignited strongly to 
the pentoxide, V 2 O s . The purpose of the 
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hydrogen peroxide is to convert the more Titanium may be separated from the earth 
soluble hexa vanadate. Hg t V # O n , to a mixture acids by treating the solution with salicylic acid 
of the insoluble pyro- and ortho- vanadates and ammonium oxalate. The oxalate is then 
(Moser and Brandi, Monatsh, 1929, 51, 169). precipitated with calcium chloride and the 
(6) As Silver Orthovanadate . — To a neutral calcium oxalate carries down the niobium and 
alkali vanadate solution containing not more tantalum (Schoeller and Jahn, ibid. 1929, 54, 
than 0 2 g. of the salt m 200 ml. is added 3 g. 320). 

of sodium acetate, 0 5 ml. of ammonia (d Tungsten may be removed by fusing the 
0 880) and an excess of silver nitrate. The oxides with potassium carbonate and treating 
mixture, after heating to boiling, is kept on the aqueous extract of the melt with a slightly 
a steam bath for half an hour, and the super- ammoniacal solution of a magnesium salt, 
natant liquor tested for complete precipitation, whereupon the earth acids are precipitated. The 
If a turbidity ensues then the liquid is boded process must be repeated for exact results, 
until clear. After settling, the precipitate is Further information on these various separa- 
filtered, washed with hot water, dried at 110°, tions must be sought for in the papers of 
and ignited gently with the crucible mside a Schoeller and his co-workers. Analyst, 1921- 
larger one. It is weighed as Ag.VO., which 1936. A complete summary is to be found in 
contains 11-62% V. Analyst, 1936,61, S0G. See also W. R. Schoeller, 

Niobium and Tantalum. — The separation 11 The Analytical Chemistry of Tantalum and 
snd estimation of these two elements has pre- Niobium,” London, 1937. 
seated the analyst with great difficulties which Separation of Niobium and Tantalum.— 
have not yet been satisfactorily overcome. The For many years the only noteworthy method 
minerals from which they are obtained are was that of Mangnac, which depended on the 
complex and the commonly associated elements, relative insolubility of potassium tantahfluoride, 
titanium, zirconium and tungsten, have many K t TaF ? , as compared with potassium mo- 
simdar analytical properties. These minerals bium oxyfluonde. More recently Powell and 
may be attacked (a) by hydrofluoric acid with Schoeller (Analyst, 1925, 50, 485) haxe obtained 
subsequent conversion to sulphates, (5) by alkali a fairly quantitatne separation by the use of 
carbonate or peroxide fusion, or (e) by fusion tannin in oxalate solutions, 
with bisulphate. Subsequent procedure depends The weighed oxides (0 25 g.) are fused with 
essentially on a hydrolytic process whereby the bisulphate (3-6 g ) in a silica crucible until a 
earth acids are precipitated, the contaminating clear melt is obtained. If it does not become 
elements being Ti, Zr, W, Sn, Sb, and more or clear, tho crucible is cooled, 1 ml of concentrated 
less Fe. sulphuric acid added, and the contents again 

If the hydrolysis is carried out with tartanc ignited. The fusion is dissolved in 50-100 ml. 
acid by the method of Schoeller and Deenng of saturated (4%) ammonium oxalate and any 
(Analyst, 1927, 52, 625), then much of the residue, other than traces of silica, is again 
titanium and zirconium is removed For this treated, its extract being added to the original 
purpose the cold bisulphate melt (containing one. The solution is diluted to 100 ml for 
about 0 2 g. of mixed oxides) is digested with each 0 1 g. of oxides taken, heated to boiling, 
strong tartaric acid solution (3 g ). The solution and treated with freshly made 2% tannin 
is diluted to 300 ml , boiled with 30 ml of solution. This may' produce a permanent 
strong nitric acid for 15 minutes, and the turbidity or a prccipitato nfter short boding; 
precipitate filtered with the aid of paper pulp, if not then A'/2 ammonia is added drop by 
Washing is done with 1% nitric acid, tho drop until that condition is reached. An 
precipitate dried and ignited. For a more orange or reddish colour now shows tho presence 
complete separation the procedure 13 repeated of niobium in excess, whereas a yellow pre- 
The earth acids are not completely precipitated cipitate indicates that considerable tantalum 
by this method but the residue in the filtrate is present. Tantahc acid is precipitated first, 
may be recovered l-y means of tannin or cup- for the oxalo-tantalic compound is stable only 
ferron. These reagents also precipitate zir- in the presence of a certain amount of free 
conium and titanium, so that tartrate hydrolysis oxalic acid, whereas the niobium compound is 
must bo repeated on this new precipitate. more stable. 

Zirconium may also be separated by fusing If the liquid is orange coloured, dilute sul- 
the mixed oxides with potassium carbonate phunc acid is added drop by drop until it 
and extracting the melt w ith potassium becomes pure y ellow. More tannin is added to a 
hydroxide solution. The zircoma residue is minimum of 0 2 g. w ith a further 0 1 g. for each 
fused with bisulphate, the product dissolved 0 03 g. of T a 2 O g estimated to be present. A 
with ammonium oxalate solution, and any saturated solution of 5 g. of ammonium chloride 
earth acid present is removed by fractional is added, the liquid boiled for 15 minutes after 
precipitation with ammonia in the presence of flocculation has taken place, and filtered with 
tannin. The coloured earth acid complexes are the aid of paper pulp. The precipitate is 
precipitated first and the ammonia is added washed with 2% ammonium chloride and 
until the white zirconium complex begins to ignited without drying to TajO s . 
make its appearance. Repetition of the pro- The filtrate, containing all the niobium and^a 
cedure is necessary. The niobium and tantalum bttle tantalum, is boiled with 5-10 ml. of 270 
in the alkaline filtrate from the extraction of the aqueous tannin and titrated with 0 5A’ -ammonia 
original fusion with potassium hydroxide are until the red solution is decolorised an “ a 
recovered by acidifying with hydrochloric acid precipitate of the same colour is ‘ or F ,e r 
and boding with a small excess of ammonia. This is heated for some time on a water-bath. 
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left overnight, collected, washed and dried 
as above, and then fused for repeated treatment. 
The fusion is dissolved in ammonium oxalate, 
tannin added, and 0-5A r -ammonia dropped into 
the boiling solution until the orange colour 
produced around the drops disappears only 
slowly. Saturated ammonium oxalate is now' 
added until the yellow precipitate has flocculated 
and, after digestion on a water-bath, is left over- 
night, then collected, washed, and ignited. 
Filtrates are tested for complete precipitation of 
tantalum by adding a little ammonia, when the 
precipitate obtained should only be orange- 
coloured and not yellow. 

The niobium is estimated by difference or by 
complete precipitation of the above filtrates w’ith 
ammonia until alkaline. The precipitate is 
treated as above. 

Sulphur. — Whenever possible, sulphur is 
oxidised to sulphate and estimated as such; 
this also applies to sulphides, sulphites, hypo- 
sulphites, metabisulphites, etc. The oxidant 
generally used for elemental sulphur is a solution 
of bromine in carbon tetrachloride (up to 60% 
solution). If necessary the element is first 
extracted with freshly distilled carbon di- 
Bulphide, the extract evaporated to dryness, and 
the residue oxidised to sulphate. 

Sulphides. — Sulphides which yield hydrogen 
sulphide on treatment with hydrochloric acid 
are decomposed in a flask similar to the Schrotter 
flask for carbon dioxide, evolved gas being 
passed through bulbs containing bromine in 
carbon tetrachloride or hydrochloric acid. To 
assist in the removal of the gas it is useful to add 
some granulated zinc or aluminium along with 
the sulphide while the last traces are removed 
by boiling and, if necessary, by the simultaneous 
aspiration of air or hydrogen through the solu- 
tion. The contents of the bulbs are washed 
into a beaker, excess of bromine removed, and 
tho sulphuric acid estimated with barium 
chloride. This method is useful for rapid 
determinations of sulphur in metallurgical 
products. Sulphides not decomposed by hydro- 
chloric acid may often be oxidised with aqua 
regia or with hydrochloric acid and potassium 
chlorate ; if unattacked by such reagents then 
the material must be fused with sodium per- 
oxide and sodium carbonate, with zinc oxide 
and carbonate (4 : 1), or by the following 
method : 

Sulphur in Coal and Coke (Eschka’s Method). — 
The finely powdered material (1 g.) is intimately 
mixed with 2 g. of calcined magnesia and 1 g. of 
sodium carbonate, and ignited to dull redness in 
an open platinum crucible for one hour, the 
mixture being frequently stirred with a platinum 
wire. Ammonium nitrate (1 g.) is then stirred 
in and the crucible again heated strongly for 
10 minutes. After extraction with water and 
filtration the sulphate is determined as usual. 
Alternatively, sodium or potassium carbonate 
fusion may be employed, but in this case the 
fusion is extracted with hydrochloric acid 
containing a few drops of bromine. 

Sulphites, Hyposulphites, etc. — These are 
oxidised to sulphate by means of bromine water, 
hydrogen peroxide, etc., although, generally 
they are preferably estimated volumetrically. 


Sulphate. — Invariably estimated as barium 
sulphate yet, in spite of much work on the 
subject, the precipitation of sulphates is not 
entirely satisfactory. A certain amount of the 
precipitant is carried down while excessivo 
washing produces losses due to the appreciable 
solubility of barium sulphate. For all but the 
highest accuracy these errors may be considered 
as cancelling each other. Alkali salts also 
tend to be' co-precipitated, as do ammonium 
salts. As the latter are volatile and carry away 
some of the sulphuric acid, they should be 
eliminated before precipitation. Most other 
metals may be removed prior to the estimation of 
sulphate ; although if it is not feasible to remove 
iron then it should be reduced to the bivalent 
state. For the separation of sulphates from 
the alkaline earths or magnesium, it is usual to 
fuse with sodium carbonate, extract the melt with 
water, filter, and wash the residue with hot 1% 
aqueous sodium carbonate. 

Estimation. — The sulphuric acid solution con- 
taining about 0-2 g. per 100 ml. is boiled and 
1-2 ml. excess of 10% barium chloride solution 
added drop by drop with stirring and left over- 
night. The precipitate is washed efficient first by 
decantation and then finally on the filter paper 
with warm water until free from chloride. The 
paper is dried, charred in a weighed crucible 
without inflaming, and carbon carefully burnt 
off under oxidising conditions. The crucible is 
then heated to about 300°-400° until a constant 
weight is obtained. 

If alkali metals are present the solution of the 
sulphate should contain a little hydrochloric acid 
and should be more dilute (not more than 0 05 g. 
of sulphate per 100 ml.). Furthermore, a larger 
excess of barium chloride is used (6-7 ml. per 
100 ml.) and the precipitant is added quickly. 
The precipitate may be filtered after settling 
for half an hour. 

If other metals are present the precipitation is 
carried out in even more dilute solutions 
and a larger excess of barium chloride is added 
slowly. It is also advantageous under these 
conditions to precipitate in the cold and to siphon 
off the supernatant liquor after 24 hours. 

Selenium. — In working with selenium it is 
essential to remember that appreciable amounts 
of the element may be lost on warming strong 
hydrochloric acid solutions of its compounds. 
No appreciable loss occurs if dilute acid solutions 
are heated at temperatures below 100°. 

Separations of selenium are based almost 
entirely on either its distillation from hydro- 
chloric acid or its reduction to the clement by 
various reducing agents. By the former 
method the element may be separated from 
metals not giving volatile chlorides and also 
from tellurium. The distillation is made by 
passing hydrogen chloride through a sulphuric 
acid solution heated to 300° (Lenher and 
Smith, Ind, Eng. Chem. 1924, 16, 837) or by 
passing carbon dioxide through a phosphoric 
acid solution containing potassium bromide 
(Gooch and Pierce, Amer. J. Sci. 1896, (iv), 1, 
181). Geilmann and Wrigge (Z. anorg. Chem. 
1933, 210, 357) state that in the former method 
some tellurium tends to distil over. The last- 
named workers separate selenium from Cu, 
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Bi, Hg, Ag, A u, Ca. Mg, Fe, and the platinum 
metals by reduction of these metals in alkaline 
solution with hydroquin one and sodium sulphite, 
the selenium remaining as sodium selenite. 
Lead interferes but can be removed by making 
the solution strongly acid with hydrochloric 
acid and precipitating selenium with sulphur 
dioxide. 

Under certain conditions hydrazine may be 
used to separate selenium from Cd, Pb, Bi, 
Sb, Mo, W and V (Hovorka, Coll Czech 
Chem. Comm. 1935, 7, 182). 

Selenium is usually separated from tellurium 
by virtue of the fact that the latter is not 
reduced by sulphur dioxide or hy droxylamine 
hydrochloride in strong hydrochloric acid 
solution The following estimations provide for 
such separations. 

Estimation of Selemcm — (a) 11 ifA Sulphur 
Dioxide . — To a solution of the mixed oxides (not 
more than 0 25 g of each) in 100 ml. of con 
cent rat ed hydrochloric acid is added while 
stirring 50 ml of a saturated solution of sulphur 
dioxide. The red precipitate, after settling, is 
filtered on to a filter crucible, washed successively 
with strong hydrochloric acid, cold water, 
alcohol, and ether. It is essential that both 
chloride and w ater be removed. The selenium is 
dried first at 30°-40° for 3-4 hours and then at 
120°-130° for 1-2 hours, cooled in a desiccator, 
and weighed. 

Tellurium in the faltrate is determined by 
concentrating the solution to 50 ml. at a tem 
perature below 100’, adding 15 ml of saturated 
sulphur dioxide solution, 10 ml of 15% aqueous 
hydrazine hydrochloride followed by a further 
25 ml of the sulphur dioxide reagent and boiling 
The precipitated tellurium is filtered, w ashed first 
with hot water, and then quickly with alcohol, 
and dried at 105°. 

(6) 1 1*1 (A Hydroxylamint Hydrochloride — The 
mixed oxides, as above, in 100 ml of solution 
containing 40—15 ml of concentrated hydro 
chloric acid arc treated with 10 ml. of 25% 
aqueous hy droxylamine hydrochloride, and 
heated at (H)° for 4 hours. The black selenium 
deposit is filtered, washed with water and 
alcohol, and dried at 110'“. Tellurium in the 
filtrate is estimated as in (a) Tartaric or oitnc 
acnls may replace the hydrochloric acid (Lenher 
and Kao, J. Amer. t'hem Soe. 1925, 47, 2454). 

(c) In Seleniferoui Material containing no 
Tellurium . — The material (0-1 g ) u fused in a 
nickel crucible with 3 g. of ferric oxide, 3 g of 
potassium chlorate, and 4 g of sodium bi- 
carbonate The cold fusion is extracted with 
water, the filtered solution diluted to 400 ml. 
and treated with 5 ml. of concentrated hydro- 
chloric acid and 30 g. of hydrazine hydro 
chloride. The mixture is then boiled in a covered 
beaker to convert the red modification into black 
selenium which is filtered, washed, dried and 
weighed (Bencsch and Erdheim, Chem.-Ztg. 
1930, 54, 954). 

Tellurium. — Like selenium, quadrivalent 
tellurium is precipitated by hydrogen sulphide 
in acid solution and if the process has been 
carried out in the cold, the tellurium sulphide is 
soluble in alkali sulphide ; deposited from 
hot solutions the precipitate is less soluble. 


while in the presence of the copper group it h 
difficult to extract the tellurium completely. 

Of the copper group, lead may be removed bv 
evaporating w ith sulphuric acid to fumes of the 
Latter, diluting and removing the lead sulphate 
and adding ammonia and ammonium sulphide 
to the filtrate. The solution is filtered after 
boiling to remove traces of lead sulphide and 
the tellurium precipitated by the addition of 
sodium sulphite. Bismuth is removed os the 
oxybromide with potassium broraate and 
bromide (see Bismuth, p. 600). 

For the separation of mercury- the solution is 
made alkaline with caustic soda, enough sodium 
sulphide added to dissolve the precipitate, and 
the solution, after boiling, is treated with solid 
ammonium chlonde until all the mercury u 
deposited as sulphide. The filtered precipitate 
is washed with ammonium sulphide and water. 

Copper and gold are separated by adding 
ammonium sulphide to the ammomacal solution 
followed by potassium cyanide until tho 
precipitate is dissolved. The solution is boiled 
and 10-15 ml of a saturated solution of sodium 
sulphite are added, boiling being continued for 
10-20 minutes After dilution to 200-300 ml 
a little cyanide is added, the solution left for 
some hours, filtered, and the precipitate washed 
with a dilute solution of cyanide. The copperfir 
gold is recovered from the filtrate by acidifying 
and boiling to remove the cyanide 

Selenium will accompany tellurium to Borne 
extent in the above separations It may be 
removed by methods already given under that 
element or, if not to be estimated, it can be 
separated from the tellunum by treating an 
alkaline sulphide solution of the two with 
potassium cyanide until colourless and boiling 
On addition of 10-20 ini. of saturated aqueous 
sodium sulphite and further boiling, the tellunum 
is precipitated and estimated as usual (Bruhl 
and Maxy raowicz, Z. anal. Chem. 192(1, 68, 14) 

Estimation OFTELLCRirM. — (a) HVA .Imwio- 
mum Sulphide and Sodium Sulphite — The weakly 
ammomacal solution is warmed and ammonium 
sulphide added drop by drop until the precipitate 
is completely dissolved. A saturated solution 
ol sodium sulphite (20-25 nil ) » now added, the 
solution boiled for 10-20 minutes and diluted 
to 200-300 ml. It is again boiled with a little 
more sulphite, allowed to settle for some hours, 
filtered on to a filter crucible, washed with water, 
alcohol and ether, and dried at 100°, preferably 
in nitrogen (Brukl and Maxymowicz, l r.) 

(A) As Dioxide, TeO,.— The matenal (elemen 
tal tellunum, oxides or tellurites) is dissolved m 
hydrochloric acul or potassium hydroxide (10%) 
using 2 ml. per 0 2 g. of oxide. If alkabne the 
solution is slightly acidtfied with hydrochloric 
acid and diluted to 200 ml. with boiling w ater. 
Dilute ammonia is added in slight excess and the 
solution made just acid with acetic acid. The 
crystalline dioxide separates out on cooling, H 
filtered on to a crucible, washed with water, and 
dried at 105° to constant weight (Browning and 
Flint, Amcr. J. Sci. 1909, [ivj. 28, 112; Moser 
and Miksch. Monatsh. 1923.44,349). Neutralisa- 
tion of the solution may also be advantageously 
earned out with pyndme (Jileh and Kota, 
Ce»ll. Czech. Chem. Comm. 1934, 6, 39S). 
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Chromium. — Chromium is best estimated 
volumetricaUy and therefore its separation from 
many other elements is of minor importance (see 
Volumetric Analysis, p. 655). It is easily 
separated from metals not belonging to the third 
group and from many of them it can be removed 
by oxidation to chromate and precipitation of 
iron, aluminium, etc., by ammonia. The oxida- 
tion may be made by means of ammonium 
'persulphate or, more generally, with sodium 
peroxide. Alternatively, the material may be 
fused with sodium peroxide or with sodium 
carbonate and nitre. Vanadium, iron, zir- 
conium, etc., may be removed also by pre- 
cipitating them with cupferron. 

Estimation of Chromium. — As Cr„0 3 . — Most 
of tho gravimetric estimations of this metal deal 
with its precipitation as Cr(OH) 3 followed by 
ignition to Cr 2 0 3 . The oxide tends, however, 
to oxidise to Cr0 3 , so that high results are 
obtained unless the ignition is finished in a 
stream of hydrogen. The following method due 
to Dorrington and Ward (Analyst, 1930, 55, 
625) gives a more granular product than that 
produced with ammonia. 

The chromium solution (200 ml.) is treated 
with 5 g. of ammonium chloride and 1 g. of 
potassium cyanate and after these have dissolved 
the mixture is slowly heated to boiling. The 
fine granular precipitate is allowed to settle, 
tho liquid filtered through paper (Whatman, 
No. 41) and tho residue washed once by decanta- 
tion with hot 2-5% ammonium nitrate solution 
made faintly ammoniacal. The filtrate is boiled, 
a few drops of alizarin S added, followed by 
concentrated hydrochloric acid until the indica- 
tor is yellow and then ammonia until it becomes 
red. The small precipitate is collected on a 
second -filter paper while the main precipitate is 
washed on to the first paper and further washed 
with ammonium nitrate. Any film on the 
beaker is dissolved in a little hydrochloric acid, 
rcprecipitated with ammonia (using alizarin S), 
and filtered on to the second filter paper. The 
two papers and precipitates are then ignited 
wet in a platinum crucible and after removing the 
carbon the heating is completed over a Meker 
burner for 10 minutes. Cr s 0 3 contains 68-42% Cr. 

Molybdenum. — Molybdenum, belonging to 
the analytical arsenic group, is precipitated as an 
insoluble sulphide, MoS 3 , from acid solutions. 
It is not easy to secure a quantitative deposi- 
tion, partly due to reduction of some of the 
molybdenum by the hydrogen sulphide and 
partly to tho delaying action of certain salts 
such as ferric chloride when these are present. 
The .precipitation is best made from a 5% 
(by volume) sulphuric acid solution, the 
hydrogen sulphido being rapidly passed into a 
boiling solution for 15 minutes. After dilution 
with an equal volume of hot water tho gas is 
again passed for 10 minutes, the mixturo boiled 
for a few minutes and gassed for a further 
10 minutes. The sulphido is filtered after one 
hour and washed with 1% sulphuric acid 
saturated with hydrogen sulphide. For purpose 
of estimation it mav bo ignited to MoO, at 
450°-500°. * 3 

If tungsten or vanadium is present the 
precipitation is carried out in the presence of 


ANALYSIS. 605 

tartaric acid, in which case the wash solution also 
contains 2% tartaric acid. 

Molybdenum sulphide may also be precipitated 
from alkali or ammonium sulphide solutions by 
the addition of enough sulphuric acid to form a 
2% excess. Hydrogen sulphide is passed into 
tho acid solution for 10 minutes, and the sul- 
phide filtered after 2 hours on a water bath. 

Formic acid may replace tartaric acid when 
tungsten is present and has the advantage of 
being easily removed should it bo necessary to 
make an ammonia precipitation in the filtrate. 
In t his method the alkaline solution is neutralised 
with 80% formic acid, an excess of freshly made 
ammonium sulphide added followed by 5 ml. of 
formic acid per 100 ml. of solution. The 
sulphido is filtered after allowing to settle on a 
steam bath and washed with 5% formic acid 
and estimated as Mo0 3 or by one of the methods 
given below (Koppel, Chem.-Ztg. 1924, 48, 801 ; 
Sterba-Bohm and Vostrebal, Z. anorg. Ghem. 
1920, 110, 81). 

Arsenic may be separated from molybdenum 
by distillation as AsC l 3 (see Arsenic, p. 599), while 
antimony may be rapidly removed by boiling a 
hydrochloric acid solution with sheet lead 
(Schoeller and Powell, “ Analysis of Minerals and 
Ores of Rarer Elements,” 1919). 

Estimations of Molybdenum. — (a) As Lead 
Molybdate . — The solution, slightly acid with 
acetic acid, and containing about 0-1 g. of molyb- 
denum per 200 ml., is heated to boiling and 
treated drop by drop with a 4% solution of lead 
acetate in 1% (by volume) of acetic acid. A 
milky solution is obtained which clears some- 
what when excess of the lead salt has been 
added. It is desirable to avoid any con- 
siderable excess of precipitant and so the mixture 
is boiled for a few minutes, allowed to settle, 
and the clear solution tested by using a fresh 
tannin solution as external indicator. An excess 
of 2 ml. of lead acetate is finally run in, the 
precipitate allowed to settle for about 30 
minutes on a steam bath, and tho clear liquor 
decanted through paper or a Gooch crucible. 
The residue is washed first by decantation, then 
on the filter, with hot 2% ammonium nitrate. 
It is ignited at a low- red heat and weighed as 
PbMoO*. 

Appreciable amounts of chlorides or sulphates 
should be absent, but if present the precipitate 
should be dissolved in hydrochloric acid, neutral- 
ised with ammonia as far as possible without 
producing a permanent precipitate, and excess of 
ammonium acetate added. A few drops of lead 
acetate are then added to ensure complete 
precipitation. 

(6) With a-Benzoin Monoxime (cupron). — Tho 
molybdate solution (about 0-1% MoO s ), 
containing 5% by volume of mineral acid, is 
precipitated at 5°-10° with a 2% alcoholic cupron 
solution in slight excess. Bromine water is 
added until the solution is pale yellow followed 
by a little more of the precipitant. The 
precipitate is filtered with the aid of a little 
paper pulp and washed with an acidified solution 
of the reagent. It is slowly charred in a 
platinum crucible, ignited to constant weight at 
500° and weighed as MoO s (Knowles, Bur. 
Stand. J. Res. 1932, 9, 1). Vanadates and 
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chromates, if present, must first be reduced with 
sulphur dioxide or ferrous sulphate while 
antimony does not interfere. 

(e) JPi/A Oxine . — The neutral solution of alkali 
mol} bd ate is acidified with a few drops of 2A'- 
sulphuric acid, 5 ml. of 2.V-ammonium acetate 
added, and the liquor diluted to 50-100 ml. A 
5% solution of oxine in 4A’-acctie acid is then 
added to the boiling solution until the super- 
natant liquid is perceptibly yellow. After 
boding and stirring for a few minutes, the 
precipitate is filtered on to a filter crucible, 
washed with hot water until free of the reagent 
and dried at 130°. It is weighed as 
MoO,(C s H,ON which contains 23 08% 
M 0. This method provides a separation from 
rhenium (Geilmann and Weibke.Z anorg Chem. 
1031, 199, 347 ; Goto, J. Chem. Soc Japan, 1935, 
66, 314). 

Tungsten. — Easily separated from those 
metals which are precipitated by sodium 
hydroxide or the carbonates and which, after 
fusion with sodium carbonate, sro insoluble in 
water ; tungsten is generally eliminated, however, 
by precipitation of tungstic acid on beating with 
mineral acids, cinchonine being added to ensure 
complete deposition Large amounts of alkali 
salts retard the precipitation. 

Separations from molybdenum, niobium, and 
tantalum are giv cn under these metals, whereas 
mol}bdcnum may also be removed by heating 
the oxides at 270° in dry hydrogen chloride, 
at higher temperatures (about 700 s ) tungsten is 
also volatilised In the ordinary course of 
analysis tungstic oxide tends to separate with 
silica, precipitation is incomplete but the tn- 
oxido bo obtained may be recovered by 
volatilising the silica with hydrofluoric acid 

In the estimation of the element m its 
minerals, the very finely ground material (I g ) 
is heated successively with hydrochloric acid 
and aqua regia, the resulting mixture being 
evaporated to a small bulk and then diluted 
with hot water (200 ml ). After boiling for 
30 minutes the precipitation is completed by 
adding a 10% cinchonine solution in 3— 4A'- 
hydrochloric acid Tho tungstic acid is collected 
on a filter, washed with dilute cinchonine 
hydrochloric acid solution, and then dissolved 
in a little ammonia with the addition of some 
ammonium chloride (1 g.). The solution is 
filtered, any residue is ignited, fused with 
sodium carbonate, the fusion extracted with 
water, i nd the solution boiled w ith a little 
ammonium chloride. The filtrate is acidified, 
boiled, and any tungsten precipitated with 
cinchonine which is treated as above, the 
resulting ammonia solution being added to the 
main quantity. This ammoniacal liquor is boiled 
until free from ammonia, diluted to 200 ml . 
heated with a few ml. of hydrochloric acid, and 
the tungsten reprecipitated with cinchonine. 
The precipitate is collected, washed as before, 
and ignited to WO,. The trioxide is heated 
with a few ml of h}drofluoric acid and 2 or 3 
drops of sulphuric acid, dned, reignited, and 
weighed. 

The product may still contain molybdenum, 
which is removed byfusionwith sodium carbon- 
ate and a little nitre, extracted with water. 


and the mol}bdcmim separated as sulphide 
in the presence of tartanc or formic acid (we 
Molybdenum). The amount of molybdenum 
trioxide so obtained is deducted from the weight 
of tungstic oxide. 

Estimation- of Tuncstes.— (a) iniA-Tanai* 
and Antipyrme . — To the dilute tungstate 
solution, containing not more than 0 15 g. 
WO, in 200-300 ml , is added 2-3 ml. of strong 
sulphuric acid per 100 ml. and 5-8 g. of 
ammonium sulphate. The boiling solution is 
treated with sufficient 10% aqueous tannin to 
provide 3-4 times as much tannin as WO,, 
kept on the steam bath for some time, and then 
allowed to cool to 15°. A 10% antipyrme 
solution is added with stirring (about G g per 
1 g of WO,), the precipitate filtered and washed 
with a solution containing 5 ml. of sulphuric arid, 
50 g of ammonium Bulphate, and 2 g of anti 
pyrine per hire. It is then ignited to WO,. 
Aluminium, manganese, zinc, cobalt, iron, and 
chromium do not interfere, although with the 
last two reprecipitation is advised (Moser and 
Blaustein, Monatsh 1929, 62, 351). 

(6) H ifA Tannin and Cinchonine . — Tho tung- 
state solution, which should contain alkali 
chloride and be neutral to phenolphthalcin, » 
treated with a solution of 0 5 g of tannin and 
sufficient dilute hjdrochlonc acid to make the 
solution just acid to litmus The mixture is 
gently boiled for 5 minutes during which the 
original colourless precipitate becomes dark and 
flocculates 5 ml. of 5% cinchonine hydro- 
chloride solution is added to complete tho 
precipitation and the mixture again boiled for 
5 minutes After settling for 6 hours it is 
filtered with the aid of paper pulp, washed with 
5% ammonium chloride containing a little tannin 
(any white turbidity in filtrate being ignored), 
and ignited to WO, (Sehocller and Jahn, 
Analyst, 1927, 62. 504). 

(c) II ilA Benzidine — The neutral tungstate 
solution containing about 0 3 g. of WO, per 
200 ml is treated with 10 ml. of 0 I*V sulphunc 
acid, boded, and a 2% solution of benzidine in 1% 
hydrochloric acid is added (10 ml for each 0 1 g 
of WO,) On cooling, the mixed precipitate of 
benzidine sulphate and tungstate is filtered, 
washed with a solution containing 10 ml. of 
the reagent in 300 ml water, and ignited to WO, 
(von Knorre, Ber 1905,38,783). 

Jflek and his co-workers have elaborated 
methods of estimating tungsten in the presence 
of vanadium, using a complex quinine arseno- 
tungstate, and in the presence of stannic tin by 
means of oxino in the presence of ammonium 
oxalate (Chem. Listy. 1930, 24, 73; Coll. 
Czech. Chem. Comm. 1933, 6, 136). 

Urani u m , — Normally uranium belongs to the 
analytical ammonia group, being precipitated 
as ammonium uranate, but precipitation w only 
complete in the absence of carbon dioxide and 
vanadium. Sodium hvdroxide also quantita- 
tively precipitates uranium, but again carbonates 
interfere so that no precipitate is given by sodium 
or ammonium carbonate. This fact enables 
uranium to be separated from all metals giving 
insoluble carbonates or hydroxides with alkali 
carbonate. _ . , 

Separation from the copper group is achieved 
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by precipitating these with hydrogen sulphide 
in the presence of tartaric acid and from the 
arsenic group by precipitating uranium sulphide 
with ammonium sulphide. Tartrates and 
carbonates prevent the precipitation and so the 
use of either one or other of these permits the 
removal of Fe, Al, Ti, Zr, Co, Zn, etc. 

Iron, vanadium, titanium and zirconium may 
be separated from sexavalent uranium by pre- 
cipitation with eupferron in dilute sulphuric 
acid solution. Reduction of the uranium 
to the quadrivalent state now permits its pre- 
cipitation with eupferron, which serves to 
separate it from aluminium, chromium, man- 
ganese and phosphorus. This method, also 
permits of an estimation of U iv in the presence 
of U Ti , a determination which can also be made 
by precipitating U lv as the insoluble fluoride. 

Uranium may also be determined in the 
presence of vanadium as uranyl pyrophosphate 
after precipitation as the ammonium phosphate. 
For this purpose the dilute sulphuric acid solu- 
tion is treated with twice as much ammonium 
phosphate as there is U 3 0 8 present, the solution 
boiled, made alkaline with ammonia, and again 
boiled. The precipitate is filtered, washed with 
water containing ammonium sulphate, and 
ignited at low redness to ( U0 2 ) 2 P 2 0-. 

Estimation ofUkanium. — (a) As U 3 O g , — To 
a dilute sulphuric acid solution of uranyl sulphate 
(not more than 1%) containing no carbon dioxide 
or organic matter are added a few drops of 
methyl red and, after boiling, sufficient carbon- 
ate-free ammonia to turn the solution yellow. 
The precipitate is filtered with the aid of paper 
pulp, washed with 2% ammonium nitrate 
solution, dried, and ignited in a platinum 
crucible at as low a temperature as possible 
until all the carbon is destroyed and then 
strongly over a Meker burner and in a slanting 
position to permit- free access of air. It is 
cooled and weighed as U 3 O a (U -84-8%). 
In many cases it is advisable to estimate the 
precipitate titrimetrically in order to make 
certain of its purity (Lundell and Knowles, 
J. Amer. Chem. Soc. 1925, 47, 2637). 

(6) With Tannin . — The neutral or faintly acid 
solution or a suspension of ammonium diuranate 
is heated to boiling and treated with tannin, 
followed by sufficient sodium acetate to neutralise 
any mineral acid, and ammonium chloride or 
nitrate to flocculate the precipitate. Alter- 
natively a slightly ammoniacal ammonium 
acetate solution may be added. The pre- 
cipitate is collected, washed with 10% aqueous 
ammonium nitrate containing a few drops of 
ammonia and a little tannin, and ignited, first at 
a low temperature and finally' at 1,000° to form 
UjOg (P- N. Das-Gupta, J. Indian Chem. Soc. 
1929, 6, 777). 

(c) IFi/h Oxine . — The uranyl chloride or nitrate 
solution made neutral with ammonia is treated 
with 1-2 g. of ammonium acetate and sufficient 
acetic acid to give a 5-10% acid solution. 
After boiling there is added a 5% solution 
of oxine, the precipitate is filtered on to a filter 
crucible, well washed with hot water, dried at 
1 10°, and weighed as 

UO s (C 9 H # ON) 8 ,C,H 7 ON, 
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which contains 33-8% of uranium (Hecht and 
Reich-Rohrwig, Monatsh. 1929, 53, 596). 

Eor a rapid determination of uranium in 
camotite, see J. Ind. Eng. Chem. 1922, 14, 531. 

Fluorine. — Fluorine in rocks and minerals 
is generally estimated in the filtrate after 
removing silica by either the Berzelius • or 
Hoffman-Lundell method (see Silicon, p. 594). 

In quantitative analysis it is usually separated 
as calcium fluoride, although the method is not 
ideal in that the precipitate is slightly soluble. 
Carnot’s method of attacking fluorides with 
sulphuric acid and silica, absorbing the evolved 
SiF 4 in concentrated aqueous potassium 
fluoride, and weighing the precipitated K 2 SiF c , 
generally gives low results which are stated by 
Herlemont and Delabre (Compt. rend. 1933, 
196, 1502) to be due to loss as HF. This 
difficulty is avoided when silica is replaced by 
ferrosilicon (containing 75% Si) which is much 
more reactive. Besides weighing as K 2 SiF e it 
is also possible to estimate the Si0 2 formed by 
hydrolysis. 

For a rapid estimation of fluorine in glasses, 
etc., 0-5 g. of the powdered and dried sample is 
fused with potassium carbonate (6 g.), the melt 
leached with hot water, filtered, and the residue 
washed thoroughly. The filtrate and washings 
are diluted to about 200 ml. and there is added a 
solution of 1 g. of zinc oxide in 20 ml. of .V-nitric 
acid. The mixture is boiled for one minute, 
filtered, and the precipitate washed with hot 
water. Fluorine in the filtrate is then deter- 
mined as below. 

Estimation of Fluorine. — As PbCIF. — The 
neutral or alkaline solution containing 0-01- 
0-1 g. of fluorine is treated with a few drops of 
bromophenol blue, 3 ml. of 10% sodium chloride 
solution, and enough water to make up to 250 ml. 
Dilute nitric acid is added until the colour is 
just yellow and then dilute sodium hydroxide 
until it just changes to blue. Concentrated 
hydrochloric acid (1 ml.) and lead nitrate 
(5 g.) are added and the mixture heated on the 
steam bath until the solid is dissolved, when 
crystallised sodium acetate (5 g.) is added with 
vigorous stirring. After digesting on the steam 
bath for half an hour the precipitate is allowed 
to settle overnight and filtered on to a filter 
crucible. It is washed once with cold water, 
then four or five times with a saturated solution 
of lead chlorofluoride, then once with cold water, 
and dried at 120°-150°. PbCII; contains 7-26% 
F (Hoffman and Lundell, Bur. Stand. J. Res. 
1929, 3, 581 ; Fischer and Peisker, Z. anal. 
Chem. 1933, 95, 225). Fluorine may also be 
precipitated as lead bromofluoride (Vasiliev, 
J. Appl. Chem. Russ. 1936, 9, 747). 

Chlorine, Bromine and Iodine. — The 
halogens are usually separated as their silver 
salts. Cyanides and thiocyanates interfere, 
but volumetric procedures are available which 
permit estimation in the presence of these 
substances. Hy-drolysis products of compounds 
of antimony-, tin and bismuth may also con- 
taminate the precipitates, but these metals can 
be easily removed by precipitation methods. 
Mercury and chromium which form non-ionised 
or partially ionised halides must also be 
separated. Mercuric halides may be triturated 
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with zinc dust in a little water until no further 
change takes place, when the halogen may be 
estimated in the filtrate. Mercurous chloride 
may be digested with sodium hjdroxtde, while 
insoluble halides such as those of silver or lead 
must be fused with sodium carbonate and the 
fusion extracted w ith water. I’iatinic chloride 
should bo reduced to platinum as it is partially 
carried down with tho silver precipitate. 

Separation op Chlorine, Bromine, and | 
Iodine. — Numerous procedures arc available; 
for such separations and they may be roughly 
divided into three classes. (1) Indirect methods 
in which it is necessary to secure as many 
independent relationships as there are radicals 
present. (2) Differential oxidation whereby 
iodine is first removed by a mild oxidising agent 
which will not affect bromides or chlorides , 
this is followed by the oxidation of bromide to 
bromine ami its removal, leaving chloride to be 
estimated in the residual bquor (3) Precipita 
tion methods. The on]} example of this method 
at present available is the separation and 
estimation of iodine as palladous iodide 
A. Estimation or Chlorine and Bromine 
in Mixtures op the Two Halides — (1) in 
direct methods, (a) The two halides are pre 
cipitatcd as silver salts, filtered on to a sintered 
glass crucible, washed, dried and weighed 
The precipitate is then removed from the crucible 
to a_ beaker with a little water and treated with 
50 ml. of 7-8% ammonia which has been run 
slowly once or twice through the crucible. The 
silver chloride and some of the bromide dissolves 
and after occasional stirring for half an hour 
potassium bromide is added The liquid is 
warmed to remove most of the ammonia, 
acidified with nitric acid, and the silver bromide 
filtered on to the original crucible, washed, dried, 
and weighed as AgBr. The increase m weight 
multiplied by 3 1531 gives the weight of silver 
chloride, whence from the weight of the com 
bined silver halides may be found the weight 
of silver bromide (Longinescu and Pirtea, Bull 
de Chim. Pure et Appl, 1928, Nos 4-6) 

(6) Alternatively, the mixed silver halides may 
be dissolved in a hot saturated solution of 
otassium bromide, and reprecipitated as silver 
romide by diluting and adding nitric acid 
(Pirtea, Z. anal Chem. 1934, 96, 203). 

(c) Again the weighed silver halides may be 
reduced with pure zioc and dilute sulphuric acid 
nnd the resulting silver either weighed as such or 
dissolved in mtnc acid and estimated. If x 
is the weight of the mixed halides and y is that 
of the silver obtained, then the amount of silver 
■ . * , . 0 75262x-» 

bromide present is given by ~ o 1*~818 

(Bougault and Cattelain, Ann Chim. Analyt. 
1032, (n), 14, 2S9). 

(2) OXIDATION METHODS — (o) With TtllunC 
A tid . — 0 5 g. of the mixed bromide and chloride 
and 1 g. of telluric acid arc placed in a small 
distilling flask fitted with a ground stopper 
carrying a separating funnel the stem of which 
reaches to the bottom of the flask. Water 
(40 ml.) is added followed by 10 ml. of sulphuric 
acid (1:1). The mixture is then gently boded 
while a slow current of carbon dioxide is passed 
through until the volume is reduced to 17-18 mJ. 


The evolv ed bromine is collected in sulphurous 
acid and estimated as AgBr, while the chloride 
in the residue is al>o determined (Gooch end 
Cole, Amer. J. Sci 1914, (iv.), 37, 237). 

Other oxidising agents w Inch may be used are 
nitrous acid or ferric sulphate. 

(6) With Hydrogen Peroxide — The mixed 
halides in 10 ml. of solution arc placed m a 
separating funnel, covered with 100 ml of |i«ht 
petroleum and treated w ith a mixture of 5-6 ml 
of concentrated sulphuric acid and 2-3 ml of 
hydrogen peroxide. The stoppered funnel is 
shaken vigorous!) at intervals for 30 minutes, 
the aqueous layer lemoved, and the petroleum 
lajei washed 2-3 tunes with a little water, 
chlorine being estimated on the combined 
aqueous material. The petroleum h)er u 
treated with 40 ml of amyl alcohol and with 
successive small amounts ot sodium until 2 g. 
has been added, the resulting NaBr being 
extracted with water. More sodium is then 
added and the extraction repeated; tins pro- 
ceduic is repeated a third time, after which 
bromine is estimated in the combined aqueous 
extracts (Longinescu and Prumleanu, Bull 
Sci Acad Roumame, 1933, 17, Nos. 3-1, 1) 

B. Chlorine and Iodine — (1) Of the indirect 
methods the ones given under A (1) (a) nnd (J) 
above are also available here with the necessary 
modification of the uso of potassium iodide 
instead of bromide The increase in weight 
X 1 507 gives the weight of silver chloride. 

(2) Oxidation methods are numerous, for 
iodides are easily oxidised to iodine. Nitrous 
acid, ferric sulphate and potassium lodate are 
the commonest. The iodine may be collected 
in cooled aqueous sulphur dioxide or 5% 
caustic soda. In the latter case if nitrous acid 
was used hydrogen peroxide is added to the 
alkaline absorbent in order to oxidise nitrites to 
nitrates After removal of excess of peroxide the 
solution is acidified and treated with sulphur 
dioxide. 

(3) Precipitation of Jodine as Pdl, — To a 
1% (by volume) hy drochlonc acid solution of the 
alkali halides is added a slight excess of palladous 
chloride solution and the mixture left for 24-4S 
hours. The precipitate is filtered on to a tared 
Gooch crucible, washed with warm water, and 
then with a very little alcohol. It is sucked 
dry and heated to 90° for one hour, being w cighed 
as Pdl j. It is somewhat more accurate to 
heat gradually to 1,000° in a current of hydrogen 
and weigh as Pd, but tho metal must not be 
allowed to cool in hydrogen. It is fin'll!)' 
moistened with alcohol, which is then allowed to 
bum off, cooled in a desiccator, and weighed. 
Chlorine is determined from the weight of 
mixed silver halides precipitated from another 
sample of the original mixture. 

C. Bromine and Iodine. — (J) (a) Method 
A (1) (a) can also he used in this case, but it 1* 
necessary to employ 25% ammonia to dissolve 
the silver bromide, the solution being then 
treated with potassium iodide and nitric acid 
after removal of mo3t of the ammonia, 

(6) The proced ure of A { I ) (b) is also av affable, 
a saturated solution of potassium iodide being 
used. The increase in w eight X 3 9S9=* weight of 
AgBr. 
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(2) Ferric ammonium sulphate or nitrous 
acid will oxidise iodides and not bromides in 
acid solution and so the iodine may be removed 
and estimated. The latter oxidant does not, 
however, give accurate results if the amount of 
iodine is small compared with that of bromine 
present. 

(3) The iodine may be determined as palladous 
iodide. 

Estimation of Chlorine, Bbomine, and 
Iodine. — (1) (a) The procedure of A (1) (6) and 
C (1) (6) may be combined when all three halides 
are present. The mixed silver salts (AgCI+ 
AgBr+Agl) are treated with hot saturated 
potassium bromide which converts the AgCI 
to AgBr so that the resulting precipitate then 
becomes AgBr-fAgl. Saturated potassium 
iodide now converts the bromide to iodide giving 
the third required relationship (AgL). 

(b) One of the best indirect methods is that of 
Bekk (Chem.-Ztg. 1915, 39, 405), in which the 
halide solution is divided into two equal parts 
and each part is precipitated with silver nitrate. 
The mixed silver halides in one part (0-3-0-4 g.) 
are washed, dried and weighed (AgCI-f AgBr-f 
Agl), while in the second they are only washed, 
after which they are treated with a solution of 
potassium dicliromate (2 g.) in sulphuric acid 
(30 ml.). The mixture is heated at 95° for 
30 minutes and towards the end a slow current of 
air is blown through the solution. Chlorine and 
bromine arc thus removed while iodide is 
converted to iodate. The solution is diluted, 
filtered, made up to about 300 ml., and a strong 
solution of sodium sulphite added in slight 
excess, that is until only a faint smell of sulphur 
dioxide is noticeable after stirring and settling 
for 10 minutes. The precipitated silver iodide 
is collected and weighed and the silver in the 
filtrate and washing is then estimated as iodide. 
From the three weights so obtained the amounts 
of each halogen can be calculated : 

CI'+Br'+l'+Ag' -> AgCI+AgBr+ Agl (1) 
Agl -v Agl0 3 -> Agl (2) 

AgCI+ AgBr —v Ag -fCIg-f-Brj 

Ag‘-f I' *-> Agl (3) 

(2) (a) A suitable oxidation procedure is the 
following. The neutral halide solution, con- 
taining not more than 0-25 g. of each of the 
halides and which should preferably be reason- 
ably free from other salts, is diluted to 700 ml. 
and treated with 2-3 g. of sodium nitrite and 
1-5 ml. of concontated sulphuric acid. The 
solution is boiled until all the iodine is expelled 
(about 45 minutes), but the volume of the liquor 
should not be reduced to less than 500 ml. The 
iodine is collected in alkaline hydrogen peroxide 
ns under B (2) above, and estimated. 

The residual liquid is made faintly alkaline, 
evaporated to 50 ml., placed in a suitable 
distilling flask, and neutralised, when cold, 
with diluto acetic acid (1:2), after which 
there are added 05 ml. in excess and 1-1-5 g. of 
potassium permanganate. A slow current of 
steam is passed into the flask until the bromine 
has been expelled (about one hour), the halogen 
being collected as in the absorption of iodine. 

Chlorine may be estimated in the residual 
liquor or from the weight of the mixed silver 
Vol. II.— 39 
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halides as determined in another portion of the 
original mixture. 

Cousin and Dufour (J. Pharm. Chim. 1930, 
(viii), 12, 439) recommend ferric ammonium 
sulphate or acetic acid and lead peroxide as the 
oxidising agents. 

(3) The halide solution is divided into three 
portions, in the first of which iodine is estimated 
as palladous iodide. A second portion is 
titrated with standard silver solution, while in a 
third portion chlorine is determined by the 
method of Stschigol (Z. anal. Chem. 1933, 92, 
420). To this solution (10 ml.) is added 35—10 
ml. of 2% aqueous ammonia followed by the 
exact amount of silver nitrate to react with all 
the halide as determined on the second portion. 
The precipitated AgBr+Agl is removed and 
washed. The filtrate which contains all the 
chloride is treated with 3-4 g. of sodium carbonate 
and 15-20 ml. of sodium arsenite solution (8 g. of 
As 2 0 3 and 21 g. of Na 2 C0 3 per 100 g. of 
solution). The liquor is boiled until all the 
precipitated silver arsenite is reduced to silver, 
this being filtered off, washed, dissolved in 
nitric acid, and estimated as usual. 

Estimation of Chloeineas Silver Chloride. 
— It is preferable to have the halogen in the form 
of alkali chloride or hydrochloric acid and to 
dilute the solution until the concentration in 
respect of chlorine is about 0-05%. With 
continual stirring there is added a slight excess 
of silver nitrate solution (0-l-0-3A r -) containing 
1 ml. of nitric acid per litre. The liquor is 
heated to 60°, tested for complete precipitation, 
and left for some hours. The supernatant liquor 
is filtered through a filter crucible, the pre- 
cipitate washed by decantation with water 
containing a trace of silver nitrate, transferred 
to the crucible and again washed with 1% 
(by volume) nitric acid and finally with water. 
It is dried first at 100° and then at 130°, or for 
rapid work the precipitate is washed finally 
with alcohol and ether, dried at 100°, and 
weighed as AgCI. 

The operation should be carried out as far as 
possible by artificial light. 

Estimation of Bromine. — The procedure is 
exactly the same as that for chloride excepting 
that the precipitate must lie freed entirely from 
nitric acid and that silver bromide is even more 
sensitive to light than the'chloride. 

Estimation of Iodine. — Silver iodide shows 
a considerable tendency to adsorb any salts, 
including silver nitrate, which may be present, 
and therefore precipitation is carried out with 
very dilute silver nitrate solution (0-5-1%), 
the iodide solution being correspondingly dilute. 
Although it is necessary to remove all nitric 
acid, yet the minimum amount of water to 
achieve this end should bo used. Silver iodide is 
less sensitive to light than the chloride or 
bromide. 

Hypochlorites and Chlorites. — These 
may he reduced to cldoridc with sulphur 
dioxide, but are best estimated by volumetric 
methods. 

Chlorates. — Chlorates are easily reduced to 
chlorides and may be determined ns such, the 
common reducing agents being sulphur dioxide, 
ferrous sulphate or zinc ; 0-2 g. of the chlorate 
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in 100 ml of water is treated with sulphur dioxide 
and the solution then boiled to remote excess of 
the gas. The liquid is made slightly acid with 
nitric acid and silver chloride precipitated as 
given above In the case of ferrous sulphate 
there is added to the chlorate solution 50 ml. of a 
10% solution of FeS0 4 .7Hj0, the liquid heated 
to boding while stirring and then boiled for 
15 minutes. The precipitated basic ferric salt is 
dissolved with nitric acid and the chloride then 
estimated in the solution. I'or the reduction 
with zinc, excess of this metal is added to the 
solution which lias been made distinctly acid 
with acetic acid and the mixture boiled for one 
hour. Unused zinc is dissolved with nitric acid, 
the liquid filtered and treated with sdver nitrate 
A quicker method is to shake the cold solution 
acidified with sulphuric acid (10 ml of 50% 
acid) for 10 minutes with amalgamated zinc 
(Popov, Ukrain. Chem J. 1035, 10, 413). 

Perchlorates. — Perchlorates are usually 
ignited to chlorides, but losses occur unless the 
ignition is carried out w ith the aid of ammonium 
chloride. 0 2-0 5 g. of the perchlorate is mixed 
with 2 g. of ammonium chloride in a platinum 
crucible fitted with a lid The contents arc gently 
ignited for 1J-2 hours and the pioccduie then 
repeated. In dm mg of! the ammonium chloride 
the temperature must not reach the fusing point 
of potassium chloride, otherwise the crucible is 
attacked The weight of perchlorate is found 
either from tue loss in weight or by a deter- 
mination of the resulting chloride Platinum 
catalyses the decomposition which is only 
complete in other crucibles when a trace of 
platimo chloride is added. Perchlorates 
are not readily reduced to chlorides in aqueous 
solutions but Utanous sulphate has been 
recommended for this purpose. 

Perchlorates which are soluble in alcohol and 
the metallic radicals of which do not give 
acetates insolublo in this medium may be 
estimated by adding a cold saturated solution of 
potassium acetate in alcohol (8 ml ) to the 
solution of the pcrchloiate in this solvent. The 
piceipitated KC10 4 is collected and dried at 
130'. Ammonium salts must be absent (Smeets, 

^ vnVu or nx'ivi ri t’l i T ij is Ybi%, 1ft, '2b2) 

Mixtures of chlorides, chlorates, and per 
chlorates may be estimated by determining 
(a) tho chloride chlorine, (6) reducing with 
sulphur dioxide or ferrous sulphate from which 
the chlorate chlonne+chloride chlorine is found, 
and (e) igniting with ammonium chloride, 
whereby the total chlonnc is obtained. 

Bromates, lodates and Periodates — 
These are most conveniently estimated by 
volumetric procedures, but the} may also be 
reduced to bromides and iodides and determined j 
as such. 

Mixtures of chlorates bromates and iodates 
may be reduced to the corresponding halides 
and then estimated by one of the procedures 
given under the halogens. 

Manganese. — It is moat usual to estimate 
manganese by volumetric or colorimetric 
methods, in which ease separations are of secon- 
dary importance. 

The removal of the first three anal}tiral 
groups causes no difhculty provided that the 


aluminium group is precipitated in the absence of 
elements such as phosphorus or vanadium. 

Zinc may be separated by precipitation as 
sulphide fiom acetic or formic acid solutions, 
while nickel is removed with dimeth} Iglyoxime. 
Cobalt may be precipitated either as potassium 
cobaltmitnte or by means of phen}l thio- 
hydantoic acid. 

Manganese can also be separated from a largo 
number of elements by precipitation as dioxido 
by nitric acid and potassium chlorate. The 
solution, which should preferably contain only 
nitrates, is eraporated to a syrup, diluted with 
100 ml of nitric acid, and the liquid boiled in & 
covered beaker for a few muiutes, after which 
5 g of potassium chlorate are added in small 
portions Boding is continued untd the volume 
has reached 25 ml , when 40 ml of cold water 
are added and the solution cooled rapidly. Ihe 
dioxide is filtered and washed cither with cold 
colourless nitric acid or with distilled w atci atO . 

Precipitation of manganese with ammonium 
sulphide provides a good separation fiom the 
alkalis and alkaline earths. 

Estimation of Manganese — No gravimetric 
estimation is satisfactory, but where Mich a 
procedure is desirable the ammonium phosphate 
method is generally recommended. 

(a) As Mn 2 P,0 7 — 200 c c of the arid solu 
tion, not stronger than 0 1% with regard to 
manganese, is treated w ith 20 g of ammonium 
chloride and 1-2 g of ammonium phosphate and 
then heated to boiling Any precipitate is cleared 
with hydrochloric acid and dilute ammonia 
added drop by drop with stirring When 
the precipitate begins to form the addition of 
alkali is suspended until on stirring the phosphate 
becomes crystalline This alternate addition 
of ammonia and stirring is continued until no 
more precipitate is formed, the solution being 
boiled tho whole time. A further addition of 
0 5 ml. of ammonia is made and the solution 
then cooled to 0° and left for 2 to 3 hours The 
manganese ammonium phosphate is filtered on 
to paper, washed with hot 1% ammonium 
phosphate, and finally with G0% alcohol It is 
dried, carefully ignited at low temperature 
unti’i a’ft carbon is oxr&ftiih. nr A , inai}{} V- 
1,000° Mn,P 2 0, contains 38 70% Mn (Gooch 

and Austin, Amcr. J. Sci 1808, [iv], 6, 233: 
Nuka, Latvij. Umv Rdksti, 1031, 2, 1) 

Rhenium. — For analytical purposes rhenium 
is usually converted into thebeptadic per-rhenato 
(HRe0 4 ) ; if the metal is in a lower state of 
valency it is easily oxidised either with alkaline 
hydrogen peroxide or, in the case of insoluble 
products, by fusion with sodium carbonate anu 
peroxide. , . 

Rhenium belongs to tho second analytical 
group and forms a sulphide Re t S 7 m strong 
acid solution (3-4.V-). It ts easily separated 
from most elements by taking advantage 
of the sparing solubility of tho potassium, 
silver, and thallium per-rhenates orol the great 
solubility of the sodium salt. 

The most important separation required is 
that from molybdenum, with which »t w 
frequently associated in nature [eg. roolyo 
denite). A moderately complete separation 
from considerable amounts of molybdenum i 
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achieved by distilling the rhenium from 
sulphuric acid (80%) heated at 180°-200°, 
and into which hydrochloric acid is distilled.. 
The rate of distillation of the rhenium is some- 
what slow and it is necessary to replenish 
the hydrochloric acid by passing in hydrogen 
chloride during the process. The acid distillate 
is adjusted to 3-4IV- and rhenium sulphide 
precipitated with hydrogen sulphide (Geilmann 
and Weibke, Z. anorg. Ckem. 1031, 199, 120). 

A more complete separation (99%) is afforded 
by precipitating molybdenum as 2 : 2'-dipyridyI 
molybdate (unpublished work). 

In either case the last traces of molybdenum 
are removed by precipitating with oxine as 
given under Molybdenum. Rhenium in ’the 
filtrate is estimated with nitron. 

Estimation op Rhenium. — As Nitron Per- 
rhenate. As separation with hydrogen sulphide 
often precedes this estimation, this precipitation 
will also bo described : 

The solution of scptavalent rhenium containing 
30-35 ml. of concentrated hydrochloric acid per 
100 ml. of solution is heated to 90°-95° and 
hydrogen sulphide passed in for 2-2J hours. 
The black sulphide is then filtered on to an 
asbestos pad in a tube resembling an Allihn 
tube, washed with 5% hydrochloric acid 
saturated with hydrogen sulphide, and then 
the pad and precipitate pushed with a glass rod 
into the vessel in which the precipitation took 
place and from which it is unnecessary to remove 
all the precipitate. The tube is washed out with 
water, then with a little water containing 1 ml. 
of sodium hydroxide and 2 ml. of hydrogen 
peroxido (30%) to remove tho last traces of 
Bulphide, and finally with more water. These 
washings are run on to tho bulk of tho pre- 
cipitato and 2 ml. of sodium hydroxide and 
3-4 ml. of peroxido are further added. The- 
covered vessel is set aside for 2-3 hours during 
which time tho sulphide is oxidised toper-rhenate, 
tho liquor boiled to remove excess of peroxide, 
filtered, and filtrate and washings evaporated 
to a few ml. The residual liquid is filtered 
through a small funnel, washed, and the filtrate 
made up to 50-70 ml. It is neutralised and an 
excess of 1 ml. of 2A-sulphuric acid added, 
heated to 00°, and freshly filtered 5% nitron 
acctato added to provide a solution estimated 
to contain 0-3-0-4% of free nitron (8 ml. of 
reagent for 0-1 g. of Re in 50 ml. of solution). 
Tho mixture is cooled in ice for 2 hours with 
occasional stirring and filtered on to a filter 
crucible, the cold filtrate being used to transfer 
tlio precipitate. Washing is done with 10-20 ml. 
of ice-cold 0-3% nitron acetate solution in 3-5 
lots and finally with 2-3 ml. of an ice-cold 
saturated solution of nitron per-rhenate. The 
precipitate is dried at 110° for 2 hours and 
weighed as C 20 H 10 N 4 HReO 4 (Re=33-06%) 
(Geilmann and Voigt, Z. anorg. Chem. 1930, 
193, 311; 1931, 195, 289; Geilmann and 
Weibke, he.). 

Iron. — Precipitation avith hydrogen sulphide 
in acid solution removes the members of the 
first two analytical groups, after which iron may 
l>c separated from aluminium, vanadium, tung- 
sten, and similar elements by precipitation by 
6odium hydroxide. The filtration of ferric 


ANALYSIS. , 611 

hydroxide is aided by the addition of macerated 
paper pulp. 

Aluminium, chromium, titanium, etc., are 
removed by precipitating iron as sulphide with 
ammonium sulphide in the presence of ammon- 
ium tartrate. Zinc, nickel and cobalt are also 
precipitated but may be separated by the basic 
acetate process or by precipitation with ammonia 
and ammonium chloride. Hexamethylene- 

tetramine may be used instead of ammonia and 
moreover gives a more easily filtered product, 
although nickel in any appreciable amounts is 
not completely separated. Pyridine or hydrazine 
hydrate also serve to precipitate the hydroxide. 

Iron may be estimated in the presence of Cu, 
Sr, Ba, Ni, Co, Zn, Al, Cr, Cd and Cu by 
means of the sodium salt of bis-p-chloro- 
phenylphosphoric acid, (CIC 6 H 4 ) 2 P0 4 H 
(Zetzsche and Nachmann, Helv. Chim. Acta, 
1926, 9, 420, 705, 979). 

Where it is objectionable iron may be removed 
as ferric chloride from many elements by 
extracting with ether. 

Estimation of Iron. — As F e 2 0 3 . Although 
iron may be precipitated with ammonia as 
given under aluminium, better precipitates are 
obtained by using hexamethylenetetramine or 
hydrazine hydrate ; the iron must be in the ferric 
condition. 

( 1 ) With Hexamethylenetetramine. — To the cold, 
faintly acid solution of ferric salt (about 0-1 g. 
Fe in 100-200 ml.) is added 20 g. of ammonium 
chloride followed by excess of 10% aqueous 
hexamethylenetetramine with stirring. After 
settling, the liquor is decanted through a filter 
paper, the precipitate washed with hot water, 
transferred to filter, and again w-ashed. Any 
precipitate adhering to the vessel is dissolved in a 
few drops of hydrochloric acid and precipitated 
by ammonia. The ferric hydroxide is ignited 
at red heat to Fe 2 0 3 (Kollo, Bui. Soc. Chim. 
Romania, 1920, 2, 89; 1924, 6, 109; Ray and 
Chattopadhj-a, Z. anorg. Ckem. 1928, 169, 99 ; 
Hanus and Vorisck, Chem. Listy, 1935, 29, 
288). 

(2) With Hydrazine Hydrate. — To the iron 
solution are added 2 g. of ammonium chloride 
and enough ammonia to turn methyl red to 
yellow. The boiling solution is treated with 
a slight excess of 4% hydrazine hydrate solution 
and boiling is continued for a few minutes. The 
filtered precipitate is washed -with hot water 
containing 1 g. of ammonium chloride and 1 ml. 
of hydrazine hydrate per 100 ml. and then with 
hot water. It is finally ignited to Fe 2 0 3 
(Jilek and Vicovsky, Coll. Czech. Chem. Comm. 
1931, 3, 379). 

(3) With a-Nitroso-fS-naphthol. — The reagent in 
50% acetic acid is added to the ferric solution 
which is successively neutralised with ammonia 
and reacidified with hydrochloric acid. Tho 
green precipitate must be ignited in an open 
crucible to Fe,0 3 (Burgess, Z. angew. Chem. 
1896, 9, 596). 

(4) With 'p-n-Bulylphenytarsinic acid, 

C 4 H 8 -C 0 H 4 -AsO 3 H 2 . 

The iron solution (0-07 g. in 200 ml.) in 0-3- 
0-4 A’-mineral acid is treated at 80° with 0-75 g. 
of the reagent in 100 ml. of water. After 
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digesting for half an hour, the cold precipitate 
is collected, washed with 002 A’ -hydrochloric 
acid, and ignited to Fe,O s . The precipitation 
permits a separation from Cu, Cd, Ni, Mn, Zn, 
Co, At, Cr { reprecipitation necessary). Mg, 
Cu, V and Be (Craig and Chandlee, J. Amer. 
Chem. Soc. 1934, 66, 1278). 

Cobalt. — Unlike nickel, cobalt is not satis- 
factorily separated from aluminium and iron by 
precipitation of the latter with ammonia and 
ammonium chloride although the basic acetate 
or succinate method is successful. Shaking a 
cobalt solution with an emulsion of zinc oxide 
serves to remove a number of elements each as 
Fe— , W (if fully oxidised), V, Cr, U, Zr, 
Ti, Al, P, As, Sn, and most of any Cu, Mo 
and Si (Evans, Analyst, 1925, 50, 389; Agnew, 
ibid. 1928, 53, 32; Hodman, Bor. Stand. J. 
Res. 1931, 7, 883). 

Nickel may be separated by means of dimethyl 
glyoxime or the cobalt may be precipitated with 
sodium hydroxide and hydrogen peroxide 
Nickel and manganese may also be removed 
by converting cobalt into potassium cobalti- 
nitntc. l’or this purpose the solution should be 
free from metals of the first two analytical 
groups, from oxidising agents and ammonium 
salts, and should be concentrated 2-3 g. of 
potassium nitrite, dissolved in tho least amount 
of 10% (by volume) acetic acid, is added to the 
faintly acid solution, and the mixture left for 
24 hours with occasional stirring The filtered 
precipitate is washed with 5% potassium 
nitrite solution acidified with a few drops of 
acetic acid For purposes of estimation the 
cobaltinitrite must be dissolved in hydro- 
chloric acid and potassium chromate or in 
nitnc sulphuric acid and determined by one of 
the methods given below. 

Methods or Estimation.— In general, electro- 
lytic or volumetric methods arc somewhat more 
accurate than most gravimetric procedures. 
Ignition to tho oxide “ Co 3 0 4 ” provides a 
product of uncci tain composition, while weighing 
as the sulphate is condemned by some workers 
It is probable, however, that with small 
quantities and a regulated ignition temperature 
below 550° tho latter method is reasonably 
accurate 

(o) A * CoS0 4 with Previous Precipitation as 
Sulphide — Colourless ammonium sulphide is 
added to the boiling ammomacal solution and 
the precipitate allowed to settle on a steam bath. 
After filtering it is washed with cold 2% aqueous 
ammonium chloride containing a little of the 
reagent and then dried carefully in a platinum 
crucible. The paper is charred at a low tempera- 
ture and after the carbon is burnt off the 
residue is converted to nitrate. Excess of nitnc 
acid is removed and sulphuric acid then added ; 
after evaporating carefully to dryness the 
sulphate is heated to 500°. It is allowed to 
cool, moistened with a little water, and reheated 
to drivo out any occluded sulphuric acid. 

(6) IFi/A 1 -Nilro-fS-naphthol .— The solution, 
containing 1-30 mg. of cobalt in 10-20 ml , is 
treated with 10 drops of 30% hydrogen peroxide 
and enough sodium hydroxide to precipitate 
Co(OH),. Tho precipitate is redissolved in 
10 ml. of acetic acid, the solution diluted to 


150 ml. with hot watce and precipitated with 
about 1 J times the requisite amount of & l®' 
solution of the reagent in 50% acetic acid. Ihs 
mixture is boded, allowed to settle, and filtered 
on to a filter crucible. The precipitate is washed 
three times with 30% acetic acid and then »ith 
hot water. It is dned at 130° to constant weight 
And weighed as (C 10 H 8 O NO,) 3 Co, which con- 
tains 9 463% Co (Mayr, Z. anal. Chem. 1934 93 
402). 

a-Nitroso-/J-naphthol may be used instead of 
the above reagent, the details being otherwise 
the same. The composition of the dried pre- 
cipitate is (C 10 H 8 O,N) 3 Co,2HjO (Feigl and 
Mayr, Z. anal. Chem 1932, 90, 15). Nickel, 
tine, chromium and aluminium do not interfere 
With these determinations. 

Nickel. — No difficulty is experienced m 
separating this metal by usual methods from all 
hut the members of its own analytical group. 

Zmc may be removed by precipitation as ZnS 
in dilute sulphuric or formic acid solution fjt), 
manganese by deposition as the dioxide ami 
cobalt by precipitating nickel with a dioxime 
The useofdimethylglyoxirae, MejCjfNOHJj, 
permits the estimation of nickel in the presence 
of many elements ; more recently o funldioximo 
has been suggested as a substitute which 
possesses two advantages over the earlier reagent, 
namely, a greater solubility in water and a lower 
nickel content m the precipitate (11*81%) 
(Soule, J. Amer. Chem. Soc. 1925, 47, 981) 
Estimation op Nickel — JFifA 
glyonme. For this determination it is advisable 
to remove the hydrogen sulphide group, silicon, 
and tungsten, while iron must be oxidised to the 
tervalent state. Excessive amounts of ammonia, 
cobalt, or copper retard precipitation. 

Tho nickel solution containing about 0 03 g 
of metal in 150-200 ml , and tartnne neid if 
group III elements are present, is boded snd 
ammonia added. If a precipitate occurs more 
tartaric acid is added followed by ammonia, this 
procedure being repeated until no precipitate 
is formed. The solution is now made slightly acid 
with hydrochloric acid, heated to 70°-80°,_and 
treated with a Blight excess of 1% alcoholic or 
ammoniacal dimethylglyoxime (about 15 ml. for 
0 03 g ). There is now added ddute ammonia 
drop by drop until precipitation takes place 
and then a slight excess. After one hour in a 
warm place, the precipitate is collected on » 
filter crucible, washed with cold water, and dried 
at 120’. It is weighed as NifCgH^OjNj) 
which contains 20 31% NI. 

The ammoniacal solution of the reagent » 
made up in ll-12A T -ammonia. 

When much cohalt, zmc or manganese B 
present it is preferable to make the precipitation 
m a solution containing acetic acid and sodium 
acetate. If copper alone is the contaminant it 
need not bo removed provided an excess of 
sodium hyposulphite is present. 

Nickel may also be estimated by precipitation 
a* [NiPy J KCNS), and ignition to the oxide. 
The complex pyridine thiocyanate is obtained 
when ammonium thiocyanate is added to a nickel 
solution containing pyridine. Tho wash liquor 
is a dilute* solution of pyridine in water (Spar® 
and Ripau, J C.S. 1923, 124, ii, 585). 



CHEMICAL ANALYSIS. 


613 


The Platinum Metals. — Minerals or alloy 3 
containing the platinum metals may be brought 
into solution in one of three ways : 

(а) By prolonged attack with aqua regia 
which is eminently suitable for platinum alloys 
but not effective if much iridium, rhodium 
or ruthenium is present. Moreover, any 
osmium will be lost unless precautions are taken 
to collect it in some absorbing medium. 

(б) By fusion with sodium hydroxide and 
peroxide or barium peroxide and nitrate ; it is 
sometimes advisable to give a preliminary 
fusion with zinc chloride. 

(c) By heating with excess of sodium chloride 
in a current of chlorine, although, care must be 
taken to absorb any volatile products. 

The platinum metals belong to the second 
analytical group and may thus be separated 
from all elements of succeeding groups by 
precipitation with hydrogen sulphide which is 
effected in almost boiling acid solutions and with 
a rapid stream of the gas ; even so, complete 
deposition is slow, especially in the case of 
ruthenium. It has been recommended to 
accelerate the formation of sulphide bj' 
employing the gas under pressure. 

Many elements may be removed by pre- 
cipitating the noble metals by means of reducing 
agents such as zinc or magnesium or formic 
acid. Any of the baser metals also thrown down 
are dissolved either in nitric or hydrochloric 
acid. Using hydrogen under pressure, Ipatiev 
and Tronev (Compt. rend. Acad. Sci. U.R.S.S. 
1935, 2, 29) have evolved schemes for separating 
the platinum metals in their binary mixtures. 

The tendency for most of this group to form 
relatively insoluble double compounds with 
alkali chlorides has long been used as a method 
of separation, but it is difficult to render it 
quantitative without contaminating the pre- 
cipitate. Rhodium is not precipitated by this 
method, palladium only in the presence of a 
moderately strong hydrochloric acid solution to 
prevent hydrolysis. Osmium and ruthenium may 
be separated from most other elements ' by 
distillation of their volatile tetroxidos. 

Quadrivalent compounds of the platinum 
group avo easily hydrolysed to give the hydrated 
dioxides and this hj-drolysis may be controlled 
so as to provide methods of separation. On this 
is based a recent method by Gilchrist and 
Wickers (J. Amer. Chem. Soc. 1935, 57, 2505) 
for the estimation of these metals in their 
mixtures, which is described below. 

Separation and Estimation of the Plati- 
num Guo up. — (1) Estimation of Osmium. The 
osmium is distilled from a dilute nitric acid 
solution in an all-glass apparatus consisting of 
distilling flask, fitted with thistle funnel and 
inlet and exit tube, the latter being joined to a 
train of absorption flasks. The tetroxide is 
absorbed in diluted hydrochloric acid (1 : 1) 
saturated with sulphur dioxide. The solution 
of the metals (100 ml.) is placed in the flask, 
40 ml. of nitric acid added (1:1), and the liquid 
slowly distilled in a feeble current of air for one 
hour unless the osmium is present as chloro- 
osnmte, in which caso 7-8 hours is necessary. In 
the latter case it is quicker to distil from con- 
centrated sulphuric acid. The absorbing medium 


is evaporated on a steam bath in an unetched 
beaker, as far as possible, the residue digested 
with 10 ml. of hydrochloric acid for 15 minutes 
and again evaporated. This operation is repeated 
three times to ensure the destruction of any 
sulphite compounds and the final residue dis- 
solved in 150 ml. of water. The solution is boiled 
and a filtered 10% solution of sodium bicarbonate 
added until a precipitate of the hydrated 
dioxide, 0s0 2 ,:eH 2 0, appears and suddenly 
coagulates ; bicarbonate is now carefully 
added until the solution is faintly blue to brorno- 
phenol blue. After further boiling for 5 
minutes the liquor is filtered through a Munroe 
crucible, the precipitate washed with hot 1% 
ammonium chloride and then covered with solid 
ammonium chloride moistened with a few drops 
of the liquor which is sucked through. The 
crucible is fitted with its cap and with a quartz 
Rose lid. A Rose tube with a small flame of 
hydrogen burning from its end is inserted into 
the crucible ; if the flame is extinguished it is 
relighted by bringing up a Bunsen flame for a 
moment. In this way sufficient heat is generated 
to dehydrate the osmium compound without risk 
of deflagration. After a few minutes the cruciblo 
is heated to expel ammonium chloride and then 
ignited strongly for 10 minutes. The burner is 
removed, the hydrogen flame extinguished, and 
the crucible allowed to cool in a current of 
hydrogen. When cold, the hydrogen is re- 
placed by carbon dioxide and the product is 
weighed as metallic osmium. 

(2) Ruthenium . — The residue in the flask 
after the removal of osmium is evaporated to 
dryness, 5-10 ml. of hydrochloric acid added 
and also evaporated. This is repeated until all 
the nitric acid has been destroyed. The residue, 
dissolved in 20-30 ml. of water, is treated with 
10 ml. of sulphuric acid and heated to fumes of 
the acid. The solution, together with any 
platinum which may have separated, is returned 
to the flask and diluted to 100 ml. with water 
and 100 ml. of 10% aqueous sodium bromate 
added. It is now distilled for 1-1 i hours in a 
gentle current of air, the ruthenium tetroxide 
being absorbed in sulphurous-hydrochloric acid 
mixture as with osmium. A further 25 ml. of 
bromate is added and distillation continued for 
one hour. The combined absorbing solutions 
are evaporated to a moist residue on the steam 
bath, digested for half an hour with 10 ml. of 
hydrochloric acid, 50 ml. of water added, and 
the liquor boiled until all the ruthenium is 
dissolved. Traces of silica are filtered off and 
washed with dilute hydrochloric acid ( 1 : 99), 
the filtrate being diluted to 200 ml. with water. 
Precipitation with sodium bicarbonate is carried 
out as for osmium except that neutralisation is 
indicated by the appearance of the blue colour 
of bromocresol purple. 

The precipitate is filtered on to paper, that 
remaining on the glass rod or the walls of the 
beaker being removed with filter paper, washed 
with hot 1% ammonium- sulphate and then with 
cold 2£% solution of the same reagent. The 
paper and precipitate are dried in a porcelain 
crucible, charred carefully, ignited to remove 
carbon, and then heated in hydrogen as for 
i osmium, being finally weighed as ruthenium. 
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Separation of Platinum from Palladium, 
Rhodium, and Iridium. — The residual solution 
after the removal of ruthenium is cautiously 
treated with hydrochloric acid to destroy excess 
of bromate and then evaporated with this acid 
on a steam bath. Any stain of indium dioxide 
on the flask is removed with aqua regia and this 
likewise evaporated with hydrochloric acid and 
added to the main portion. The evaporated 
solution is diluted to 200 ml , boded, and 20 ml. 
of 10% sodium bromate added, followed by 10% 
sodium bicarbonate until a sbght permanent 
precipitate shows in the dark green liquid. 
Bicarbonate is now carefully added until broroo- 
cresol purple turns from yellow to blue, the test 
being made by taking up a drop of the solution 
on a roil, carefully running down a little indicator 
on to the drop, and noting the colour. More 
bromate is added (10 ml.), the mixture Boiled, 
and bicarbonate added until a faint pink colour 
is developed with cresol red. A further 10 ml. 
of bromate is added and the liquor boiled for 
15 minutes. 

The precipitate of hydrated oxides of palla- 
dium, rhodium and indium is filtered on to a 
porcelain filtering crucible, washed with hot 1% 
aqueous sodium chloride (p u 0-7), and the 
crucible then placed in the beaker in which 
precipitation was carried out. The oxides are 
dissolved by warming with 10-20 ml. of hydro 
chloric acid, the crucible washed with water and 
transferred to another beaker where it is treated 
with a further 5 ml of the acid. This solution is 
added to the first portion and the operation 
repeated once more. The combined solution 
is then evaporated to dryness after the addition 
of 2 g. of sodium chlonde. The residue is 
treated with 2 ml of hydrochloric acid, diluted 
to 300 ml. with water, and the precipitation 
repeated to ensure the removal of all the 
platinum. 

Estimation of Platinum.— The two filtrates 
from the above precipitations are carefully 
treated with 20 ml. of hydrochloric acid, partially 
concentrated, combined, and taken to dryness. 
The residue is again evaporated with acid to 
destroy the last traces of bromate and the 
remainder is dissolved in water and filtered. 
The paper is washed with dilute hydrochloric 
acid (1 : 99), the filtrate diluted to some 400 nil 
and adjusted so that each 100 ml. contains 5 nil. 
of the mineral acid. Hydrogen sulphide is 
now rapidly passed into the heated solution and 
the process continued until all the platinum is 
precipitated and the solution has cooled some- 
what. The sulphide is collected, washed with 
the diluted hydrochloric acid ( 1 : 99), and ignited 
In a porcelain crucible. The metallic bead is 
washed with hydrochloric acid, then with hot 
water, and again ignited. For the highest 
accuracy the metal is taken up in aqua regia, 
nitroso compounds removed, and the platinum 
precipitated with formic acid and sodium 
acetate. It is washed with hot 1% ammonium 
chloride and ignited. 

Palladium. — The mixture of hydrated 
dioxides of palladium, rhodium and iridium is 
dissolved in hydrochloric acid as before, the 
solution after filtration being diluted to 400 ml. 
Sufficient of a 1% solution of dimethy Iglyoxime in I 
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95% alcohol is added to precipitate the palladium 
and prov ide a 10% excess. After one hour the 
precipitate is collected on a filter crucible, 
washed with 1% hy drochloric acid and hot w ater, 
and dried at 110°. It is weighed as the glyoxime. 
Pd(C 4 H 7 OjNj)j contains 31 67% Pd. 

Alternatively, the precipitate is cotleetcd on 
paper and ignited to the metal, first in hydrogen 
and then in carbon dioxide. 

Rhodium. — The filtrate from the preceding 
operation 19 evaporated with sulphuric and 
mtnc acids to destroy organic matter and 
then with water to remove nitrogen com- 
pounds and the resulting sulphuric acid solution 
removed to an unetched beaker and diluted to 
200 ml. To the boiling solution is added 
titanous chlonde (20% solution) until the 
supernatant liquor is slightly purple. After 
boding for 2 minutes the metallic rhodium is 
filtered, washed with ddute sulphuric acid 
(2-5 . 97-5), and the paper and precipitate trans- 
ferred to a conical flask. Sulphuric acid (10 ml ) 
is added and the paper chaired by gentle heating, 
after which 5 ml. of mtnc acid are added. 
After digesting for a short time on a hat pkte 
the flask is further heated over a free 
flame with constant shaking. The precipitate 
dissolves, organic matter is destroyed, and 
nitroso compounds are eliminated. Any silica 
is removed and the precipitation of rhodium 
repeated as above. The metallic rhodium is 
again dissolved as before, the final acid solution 
diluted with 20 ml of water and 10 ml. of 
hydrochloric acid The solution is boiled for 
15 minutes daring which tune the colour 
becomes rose-red, filtered, and the paper washed 
with dilute hydrochloric acid (1 • 99). After 
dilution to 400 ml. the rhodium is precipitated a* 
sulphide from a boiling solution which is finally 
allowed to cool somewhat with the ga3 still 
passing. The collected precipitate is washed 
successively with dilute sulphuric and hydro- 
chloric acid wash liquors, ignited carefully in 
air in a porcelain crucible and then in hydrogen. 
After cooling in hydrogen the metallic rhodium 
is weighed. 

Iridium. — The indium may be determined by 
difference or directly after removal of titanium 
with cupferron In the latter case, the com- 
bined filtrated from the foregoing precipitation 
of rhodium are diluted to 800 ml , cooled mice, 
and treated w ith cold aqueous 6% cupferron in 
slight excess. The precipitate, after washing 
with cold dilute sulphuric acid (2 5 * 97'5) « 
decomposed with nitric acid, fumed with sulphuric 
acid to destroy first organic matter and then 
nitroso compounds, diluted to 800 ml. and the 
precipitation of the titanium repeated. 

The united filtrates are evaporated to about 
10 ml. with, if necessary, the addition of mtnc 
acid to destroy organic matter, and filtered alter 
dilution. The filtrate is made up to 200 ml. with 
water and ti eated with sodium bicarbonate, a* 
described under ruthenium, to the end point ot 
bromocresol purple. After addition of 20 ml ol 
10% bromate and boiling for 25 minutes, the 
precipitate is collected, washed with ho 
ammonium chloride, and dried in a porcelain 
crucible. It is moistened with a little saturated 
ammonium chloride, charred carefully in “ ir 
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until carbon is oxidised, and then ignited in 
hydrogen. The iridium is leached -with dilute 
acid and then washed with hot water and again 
ignited. 

ULTIMATE ANALYSIS OF CARBON 
COMPOUNDS. 

Most carbon compounds usually contain 
carbon, hydrogen and oxygen, while, in 
addition, there may occur nitrogen, halogens, 
sulphur, phosphorus, arsenic, antimony, silicon, 
or other elements. Therefore, before analysing 
an unknown organic substance it is necessary to 
carry out a qualitative examination. 

Qualitative Tests. 

Carbon . — Compounds containing carbon 
usually char when heated either alone or with 
strong sulphuric acid, while on heating with 
recently ignited copper oxide they evolve carbon 
dioxide. 

Hydrogen.— Any water existing as such is 
first removed by heating the substance below 
its decomposition point and the dehydrated 
material is then heated with dry copper oxide. 
Any hydrogen present is oxidised to water 
which may be condensed and identified. 

Nitrogen . — A limited number of nitro- 
genous compounds evolve ammonia when 
heated with soda lime, while others may give off 
oxides of nitrogen, with or without explosion 
when heated alone. 

The element is generally detected by means of 
Lassaigne’s or the Prussian blue test, which 
consists in heating the substance with a pellet 
of sodium or potassium in a small ignition tube. 
If the substance tends to be explosive then 
sodium carbonate may also he added. Generally 
the material is dropped on to the molten metal 
and heating continued for a minute or two. 
The hot tube is plunged into a little water 
contained in a beaker and, when the reaction has 
subsided, the glass is powdered and the solution 
filtered. To some of the filtrate is added 
ferrous sulphate solution, the mixture boiled, 
two drops of ferric chloride added followed by 
hydrochloric acid until the solution is acid. If 
the original material contained nitrogen then a 
blue precipitate should result. Sometimes only 
a greenish-blue solution is obtained, hut if 
Prussian blue has been formed then this may be 
detected by filtration, when blue spots will appear 
on the paper. 

The test fails with substances which readily 
evolve their nitrogen, such as diazo compounds, 
and also with stable pyrrole compounds which 
distil unchanged. It is stated that all classes 
of nitrogen compounds are decomposed by heat- 
ing with a mixture of potassium carbonate and 
magnesium powder, but with this mixture it is 
necessary to exclude atmospheric nitrogen. 
This is roost readily' done by adding a little 
ether so that its vapour may T displace the air 
and then stopping up the ignition tube with a 
wad of cotton wool (Baker and Barkenbus, 
Ind. Eng. Chcm. [Anal], 1937, 9, 135). 

Halogens . — A rapid indication is obtained by 
heating the substance with a little copper oxide 
in a Bunsen flame, when the presence of halogens 


imparts a green colour to the flame. The 
method is not reliable but a confirmatory test 
can be made on a portion of the filtrate in the 
Lassaigne test. This solution is acidified with 
nitric or sulphuric acid, boiled to expel any 
cyanide or sulphide, and silver nitrate then added. 
Halogen may' also be detected by igniting 
the substance with soda lime (free from chlorine) 
and testing the aqueous extract ; in this case no 
cyanide can be formed. 

Sulphur and Phosphorus . — The former element 
is usually detected in the filtrate from the sodium 
fusion by adding sodium nitroprusside ; a 
purple-violet colour denotes the presence of 
sulphur. Alternatively the substance is fused 
with sodium peroxide and carbonate and the 
aqueous extract tested for sulphate. The extract 
also serves for the detection of phosphate and of 
arsenate and antimonate. 

Quantitative Determinations. 

Carbon and Hydrogen in the Absence of 
Nitrogen, Halogens, etc. — The usual method 
consists in burning a known weight of material 
in a current of air or oxy'gen assisted by copper 
oxide. The carbon dioxide and water so 
produced are absorbed respectively' by caustic 
potash or soda lime and calcium chloride or 
sulphuric acid. 

The apparatus required comprises a com- 
bustion tube in which the substance is heated, 
a furnace as the source of heat, absorption 
tubes or bulbs, and a gas- purifying train. 

The furnace consists essentially of a stand 
supporting a metal or fireclay trough in which 
the combustion tube rests, the latter being 
isolated from the trough by a layer of asbestos 
paper. The combustion tube is heated either 
electrically or by means of gas burners, each 
burner being fitted with its own tap to regulate 
the supply of gas to it. In the latter case also a 
system of fireclay tiles covers the trough, thus 
promoting even heating of the tube and mini- 
mising losses due to radiation. The tiles may be 
removed or opened so that the combustion tube 
may be rapidly cooled at one or more points. 
Electrically heated furnaces are generally made 
up in three sections, each of these consisting of a 
quartz tube on which the heating element is 
wound. This is surrounded by insulating 
material and the tube and insulation arc enclosed 
in a sheet iron cylinder. The quartz tubes of the 
sections carry the metal trough, the ends of 
which can be fixed to the stand while by means of 
runners and a track the various sections may' be 
moved to and fro, thus heating or exposing any 
portion of the combustion tube at will. 

The combustion tube of hard glass has an 
internal diameter of about 12 mm., and is of 
such a length that it projects at least 5 cm. 
beyond each end of the furnace ; its ends should 
be rounded off and slightly opened. After 
cleaning and drying the tube is filled in the 
following manner. A plug or spiral of copper 
about 2 cm. long is made by' tightly winding 
copper gauze around a piece of stout copper 
wire the ends of which- are turned into loops. 
This should fit the tube moderately tightly 
and is pushed in through one end for a distanco 
of 20 cm. Through the other end is poured 
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coarse, freshly ignited copper oxide until a and Bender (Fig 2 (2) patterns. In both 
layer some 45 cm. long is built up, after which a cases the bulbs tarry a small exit tube filled, 
second gauze plug is added. A third spiral with granular calcium chloride or with Boda lime 
about 10-15 cm. long and which has been and calcium chloride. 

superficially oxidised by heating m a large In the ease of soda lime it is usual now adays 
blow pipe flame is now inserted so that a spaeo of to employ one of tho proprietary brands of 
10 cm. is left between it and tho previous plug ; soda lime asbestos such ns Sofnohle, Aslante, or 
this space is reserved for the bast carrying Natronasbcsl. These are impregnated with an 
the substance to be analysed. This end of tho indicator, the colour change of which serves to 
tube js now closed with a one -hole rubber show both the rate of absorption and tho 
bung taming a glass tube of some 1-2 mm. amount of absorbent consumed. Ihe soda 
boic and which is connected to the train for lime is contained in a U-tubo and above it on tho 
drying the air or oxygen. Iho opposite end is exit side must be placed a few pieces of calcium 
chloride to absorb the water vapour formed 
in the reaction. Better still is it to employ 
two tubes, one filled entirely with soda lime 
and a second containing this reagent in the inlet 
limb and calcium chloride in tho exit limb 
of tho U tube. 

Bulbs and tubes are protected when not in 
use by means of plugs made from short lengths 
of rubber tubing closed at one end with a piece 
of glass rod Those are remov ed for the purpose 
of weighing. 

The oxygen or air used in the combustion is 
punfiwl by passage through caustic potash 
solution and then through concentrated sulphuric 
and. It is further dried using tho same 
desiccating agent which is to be employed on tho 
likewise fitted with a rubber stoppci perforated absorption side The oxygen is most con- 
ic enrry the first absorption tube \ cnicntly obtained from a cy lindcr of compressed 

The boat mentioned above is usually of gas and is drawn off through a reducing valve, 
porcelain or platinum and is about 7 cm. long. Where such a source is not available it may bo 
h mm. deep, and of such a width that it slides generated by adding a solution of 23 g of 
easily into the tube potassium permanganate in 500 c.c water and 

Water produced during tho combustion is 50 c c. of sulphuric acid to 500 c c of hydrogen 
absorbed by means of calcium chloride con- peroxide (10 vol) contained m a litre flask, 
taincd in one of the forms of U tube illustrated Air should not be obtained from inside the 

in Fig. 1. This absorbent must be treated laboratory but from an outside source, as 

before use with a lurrent of carbon dioxide in laboratory air is often charged with organio 
order to convert anv oxide to carbonate; material. 

extras of the gas is then displaced by air or Tho purified and dried gas travels to the 
ox v gen Most of the water is condensed in the combustion tubo through a small bubbler 
bulb of the side tube and tan be removed after containing a little sulphuric acid and wliuh 
indicates the rate of supply of tho gas. 

Operating the Combustion . — The tube is inserted 
into the fum ice, connected to the drying train, 
aw.l sbi'i.Vj bea.'.'i'L vuLorsh. w.IwIr. ixciuxcnt 

of oxygen is passed through, the free end of tho 
tube being closed with a calcium ehloi ide guard 
tube. After 30-15 minutes, or when a blank 
experiment has shown that moisture and 
organic matter have been removed, tho back 
half of the tube, that is, extending from tho 
gas inlet end to some 12-16 cm. beyond the 
space reserved for the boat, is allowed to cool 
by extinguishing the burners and Removing tho 
Flu. 2(1). Fio. 2 (2). tiles. During this time the substaneo is 

weighed into the previously ignited boat and 
each analysis, thus prolonging the life of the tho absorption tuhes are also weighed niter 
titling. Instead of calcium chloride there may wiping with a lintless cloth and removing the 
lie used small pieces of pumice or glass beads guard plugs. When the tube is cold, the boat 
moistened witA sulphuric acid, but only a is inserted by withdrawing the oxidised copper 
minimum ofacid should be used since it dissolves spiral, pushing the boat in with a stout copper 
an apprctiable quantity of carbon dioxide. wire until it is close to the small plug which 
Caustic pota«h or soda lime is the usual keeps the coarse copper oxide m place, and then 
absorbent for the carbon dioxide produced, replacing the oxidised spiral The absorption 
The former reagent is used as a 50% solution apparatus is connected to the other end, care 
contained in “ pota«h bulb*,,” the most popular being taken that bulbs and tubes arc joined 

forms of which are the Ceissler (Fig, 2 (1) by glass to glass connections covered with thick 





CHEMICAL ANALYSIS. 


617 


seamless rubber tubing. A slow current of 
oxygen or air (about one bubble per second) 
is passed and then the last two or three burners 
under the long copper spiral are lighted, and the 
temperature raised to dull redness. The 
burners under the unheated portion of the coarse 
copper oxide are also lighted, while the heating 
of the spiral is extended also. A single small 
flame is now started under tho boat itself or, 
iu tho case of more volatile substances, the 
heating is commenced by covering this portion 
of the tube with a hot tile from the rear end and 
replacing it when it has cooled somewhat by 
another heated tile. In any case the rate of 
combustion must be slow and regular until the 
material is completely carbonised. At this stage 
tho temperature of the boat is increased, while if 
air has been used previously a change over is 
made to oxygen and the rate of passing the gas 
increased slightly. Finally, the boat is raised to 
dull redness and a somewhat faster stream of 
oxygen used to expel all the carbon dioxide and 
moisture as well as to oxidise any copper oxide 
reduced during the process. Any water which 
has collected at the end of the tube near the 
absorption tubes is removed by bringing a hot 
tile over this part of the tube. Oxygen is then 
replaced by air while the rear end of tho tube 
containing tho boat is allowed to cool in pre- 
paration for the next analysis. The absorption 
apparatus is now disconnected, plugs are 
replaced on the side arms, and the tubes or bulbs 
weighed after standing for one hour. A .certain 
saving of time may be effected when a series of 
analyses is being done by weighing the absorp- 
tion tubes filled with oxygen instead of air and 
using oxygen only for the combustions. 

Volatile liquids are weighed in small glass 
bulbs with a capillary neck. The substance is 
introduced by alternately heating the bulb and 
cooling it with the open end immersed in tho 
liquid. When the liquid is very volatile tho 
capillary may be sealed before weighing, and 
the top broken off just before introducing 
the bulb into tho combustion tube. In all eases 
tho bulb is placed in the boat with the capillary 
facing towards the copper oxide layer and 
combustion must be carefully carried out, 
preferably using air for tho first part of the 
procedure. The heating of the bulb should bo 
by radiation only until all tho liquid has been 
distilled out. Difficulty is sometimes experi- 
enced by the diffusion of tho vapour into the 
back of the tube, but this may be overcome by 
inserting behind the copper spiral a bulb of hard 
glass of such a diameter that it just slides into 
the tube. One end of this bulb may be drawn 
out into a hook for convenience of with- 
drawal. 

A few substances burn with great difficulty 
end in such cases they may be mixed in the 
boat with lino copper oxide and tho combustion 
mado entirely in oxygen. Compounds con- 
taining alkali metals are intimately mixed with 
lead chromate in order to decompose any alkali 
carbonates which may be formed. 

Carbon and Hydrogen In the Presence of 
Nitrogen, Halogens, etc. — Substances con- 
taining nitrogen will tend to produce nitrogen 
oxides which must be reduced to the elementary 


state to prevent their absorption by the caustic 
potash or soda lime. This is achieved by 
introducing a spiral of reduced copper gauze 
about 12-15 cm. long into the absorption side 
of the combustion tube. The plug is reduced 
before uso by heating to redness and dropping 
into a tube containing 2-3 ml. of methyl alcohol. 
Any flame produced is quickly extinguished. 
A bung carrying a piece of glass tubing is inserted 
and the tube evacuated quickly on a water 
pump, the vacuum being maintained until tho 
tube is cold. Alternatively, the tube may be 
rapidly filled with methylated spirit, allowed to 
stand until cold, and the spiral then removed, 
washed with ether, and dried in a vacuum 
desiccator. A silver spiral is also used (r. 
infra) for the elimination of nitrous fumes, 
since it decomposes these catalytically. 

The combustion is carried out without any 
air or oxygen passing until the material has 
been decomposed. One of these gases is. then 
slowly' introduced and the burners under the 
reduced spiral extinguished to prevent its 
Oxidation. 

If halogens are present these will react with 
the copper oxide to produce copper halides, 
which being somewhat volatile may be carried 
into the absorption tubes. This difficulty may 
be overcome either by inserting a spiral of silver 
gauze or by replacing part of the copper oxido 
layer by lead chromate. If much halogen is 
present it may be necessary to employ both 
methods. Tho section of the tube containing 
lead chromate should not be allowed to get 
too hot or it may fuse and, adhering to tho 
glass, it will crack the tube on cooling. 

Lead chromate must also be used when tho 
substance contains sulphur, arsenic, or antimony. 

In these cases the chromate may replace most 
of tho copper oxide or a mixture of chromate 
and copper oxide (3 : 1) may be employed. 

Instead of copper oxide or lead chromate 
other oxidising agents have been recommended 
for the combustion of carbon and hydrogen. 
Ter Meulen and Heslinga (Rec. trav. chim. 
1922-1926) use manganese dioxide with or 
without lead peroxide depending on whether 
nitrogen or hnlogens are present or not. This 
filling has the advantage that it promotes 
oxidation at temperatures between 250° and 
450°, but as it rapidly becomes spent the method 
is best adapted for semi-micro analyses. 

The vapour of the organic material may also 
be oxidised by activated platinum or palladium 
in a current of oxygen, a procedure which has 
been extensively employed by Dennstedt and 
his collaborators (Z. angew. Chem. 1905, 18, 
1134; 19, 517; Chem.-Ztg. 1905, 29, 52; 
1909, 33, 769; Analyst, 1905, 135; Ber. 1908, 
41, 600; Baumert, Ber. 1907, 40, 3475). The 
Dennstedt method has also the advantage that 
it is possible to estimate sulphur or halogens 
simultaneously' with the carbon and hydrogen. 

Nitrogen. — Nitrogen is estimated either in 
tho elementary condition by collecting it and 
measuring its volume (method of Dumas) or by 
conversion into ammonia (method of Kjeldahl). 

Dumas' Melhod . — In this process the substance 
is oxidised with copper oxide and the liberated 
nitrogen is driven by carbon dioxide into a 
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satiable measuring vessel. The combustion is 
carried out in a tube similar to that used for 
carbon and hydrogen determinations excepting 
that when the carbon dioxide is generated 
inside the tube one end of the latter is scaled. 
This method has the disadvantage that the 
entire filling must bo removed after each 
analysis in order to replace the spent magnesite 
or sodium bicarbonate which prov ides the source 
of the carbon dioxide. It is therefore more 
expedient to have both ends of tho combustion 
tube open and to generate the gas in an ordinary 
Kipp's generator by acting on marble with 
hydrochloric acid. It is essential that the 
carbon dioxide shall be free from air and to 
achieve this the marble must be specially 
treated. First etched with dilute hydrochloric 
acid, it is then boiled in water for one hour and 
allowed to cool under the water. When cold 
the marble is transferred to a vacuum desiccator, 
covered with calcium chloride solution (spent 
liquor from the generator 
neutralised with marble), 
and a vacuum maintained 
for half an hour, and then 
slowly released. The Kipp 
is now charged, but the 
hydrochloric acid used will 
also contain dissolved air 
which may be removed by 
dropping a piece of marble 
into the upper bulb of the 
generator and opening and 
closing the tap a few times 
so that the acid in this bulb 
is continually changed. 

The combustion tube is 
filled by placing a tight 
copper plug about 20 cm 
from one end of the tube 
and then pouring in coarse 
copper oxide through a 
copper funnel inserted in 
the other end until a layer 
about 35—10 cm. long is 
) obtained, after which a 
second plug is introduced. 
Some 3—1 cm of fine copper 
oxide is added, followed by 
an intimate mixture of the substance with 
more of this oxide. Enough of the material 
is weighed out to provide 15-25 ml of nitrogen 
and the mixing with recently ignited copper 
oxide is done in an agate or glass mortar free 
from cracks or scratch marks. The mixture is 
introduced into the tube through the copper 
funnel, and mortar and funnel are nnsed out 
three tiroes with more copper oxide. Finally, 
a loosely fitting oxidised copper plug is in- 
serted and the combustion tube removed to the 
furnace. The end of tho tube containing the 
fine oxide is connected to the gas generator 
through a small bubbler containing water, while 
in the space left empty at the opposite end is 
inserted a spiral of reduced copper botoc 12-15 
cm. long and a bung carrying a tube w hich makes 
connection to the nitrometer. 

The latter consists of a burette A (Fig. 3), 
scaled at one end and fitted with a stop cock 
at the other. It is carried in a heavy base. 
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while just above this a bent side tube is scaled 
in by means of which the nitrometer is joined 
to tho combustion tube. On the opposite side 
of the burette and a little above the first side 
tube is inserted another connected by stout 
rubber tubing with a pear shaped reservoir 
earned in a ring clamped to tho burette by- 
means of which the height can bo adjusted 
Mercury is poured into the burette to seal up 
the lower side tube, the amount added being 
such that when the measuiing tube is filled with 
potash solution none of tins shall be able to 
force its way through the side arm into the 
combustion tube. The alkaline solution is made 
by dissolving caustic potash m 1-2 times its 
weight of water and, while still hot, adding 
about 0 2 g of powdered barium hydroxide and 
filtering through asbestos after stirring for a 
minute or two. The addition of this hydroxide 
may be omitted, but there is then a tendency for 
a scum to form on tho potash while in the 
burette. The cold filtered solution is then 
introduced into the pear shaped reservoir. 

Tho apparatus having been fitted together, 
carbon dioxide is passed through Che combustion 
tube until all the air is expelled. During this 
time the stop-cock on the burette is open while 
the reservoir is at the bottom of the nitrometer. 
The burners under the reduced spiral and half 
of the adjacent coarse oxide layer arc lighted 
and this section brought to dull redness During 
this heating the gas entering the nitrometer is 
tested at intervals to ascertain whether all the 
air has been displaced Tor this purpose the 
burette is filled with the potash solution, the 
stop cock closed, and the reservoir then lowered 
to the bottom again. If only carbon dioxide 
enters the nitrometer, then the bubbles will be 
completely absorbed and no more than traces of 
light foam will collect after 2-3 minutes When 
this is the case the current of carbon dioxide is 
stopped and the heating of the tube gradually 
extended towards the fine oxide, while at the 
same time a few burners on the gas inlet side are 
lighted tthen these parts are a dull red the 
heating of the fine oxide is commenced. Com 
bustion of the substance must be at auch a rate 
that there are never more than 2-3 bubbles 
rising in the burette at the same time. When 
all the burners are in use and the evolution of 
nitrogen has slackened carbon dioxide is again 
passed until the issuing gas is completely 
absorbed by the potash solution The nitro- 
meter is now detached from the combustion tube 
and the latter allowed to cool. The reservoir 
attached to the burette is now raised until the 
level of the bquid in it is the same as that in the 
burette and kept in this position for half an hour. 
The levels are again equalised and the volumo of 
gas then read. The temperature recorded on a 
therm ometerhungnearthemtrometcris observed 
and the barometric pressure noted The per- 
centage of nitrogen is then giv cn by the formula 


P- 


1 00V (B-/) 0 0 01251 
'b (I+0 003G61) 700 * 


where V i3 the observed volume, B the height 
of the barometer, / the vapour pressure of the 
potash solution at the temperature f'C., » the 
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weight of the substance in grams, and 0-00 1261 
is the weight of 1 ml. of nitrogen at N.T.P. 

Since the available data for evaluating / are 
very meagre it is usual to take instead half the 
value of the vapour pressure of water at the 
same temperature. Any error due to this may be 
avoided by transferring the nitrogen to a 
graduated eudiometer tube filled with water 
and again measuring the volume. This is most 
simply, done by fitting to the nitrometer a 
narrow-mouthed bottle the bottom half of which 
has been removed (Fig. 4). This truncated 
bottle is filled with boiled 
out distilled water, any air 
in the nai'row exit tube of 
the nitrometer is expelled 
with a fine wire and the 
eudiometer tube also filled 
with boiled out distilled 
water brought over it. By 
raising the reservoir and 
opening the stop-cock the 
nitrogen is transferred to 
the graduated tube. This 
is then removed, closing 
the bottom with the 
thumb, and transferred to 
a cylinder of water the 
temperature of which it is 
permitted to acquire, after 
which the levels of water 
in cylinder and tube are 
equalised and the volume 
read. The temperature of 
the water is also noted. 
Since tables are available 
which give the weight of 
nitrogen in 1 ml. of the 
moist gas at various tem- 
peratures and pressures 
the above formula may 
be considerably simplified by their use. The 
percentage of nitrogen is then given by : 

100 Vg 

H '* 

where g is the weight of nitrogen in 1 c.c. of 
moist N under the observed conditions of 
temperature and pressure. Usually g is recorded 
in milligrams, in which case S must also be 
expressed in milligrams. 

The coarse copper oxide may be used for 
several estimations before it requires re- 
oxidising, but the fine oxide must be ignited 
before each analysis. The copper spiral is 
reduced with methyl alcohol as in the carbon 
and hydrogen determinations. Reduction with 
hydrogen should be avoided as the metal tends 
to occlude this gas. 

Instead of using carbon dioxide to expel the 
nitrogen from the tube a Sprcngel mercury 
pump may be employed to pump out the gas 
which is collected over mercury. It will, 
besides nitrogen, also contain carbon dioxide, 
and by noting the decrease in volume on 
absorbing tho latter with potash a determination 
of the carbon may be obtained. 

Kjeldahl's Method, — The substance is 
heated with concentrated sulphuric acid whereby 
carbon is oxidised to carbon dioxide and the 


nitrogen converted into ammonium sulphate. 
It is usual to add, in addition, potassium sulphate 
to raise the boiling-point of the acid and a 
catalytic agent such as mercuric oxide or metallic 
mercury in order to facilitate the oxidation of 
the carbonaceous matter. The solution, after 
dilution, is then rendered alkaline and the 
ammonia distilled into a known volume of 
standard acid representing an excess over that 
required to neutralise the base. This excess is 
then determined. 

For carrying out the estimation about 0-3- 
0-4 g. of the material, depending on the amount 
of nitrogen it contains, is placed in a 150- 
200 ml. Kjeldahl flask together with 10 g. of 
powdered potassium sulphate and 0-5 g. of 
mercuric oxide (not made from nitrate) or 0-6 g. 
of mercury. Sulphuric acid (20-25 ml.) is 
added, the flask shaken to mix the contents and 
then clamped in an inclined position. It is 
now gently heated until any frothing has ceased, 
after which heating is increased until the 
acid boils gently. If a considerable amount of 
frothing takes place it may be minimised by 
adding a small piece of purified paraffin wax. 
Boiling is continued for at least 15 minutes 
after the liquid has become colourless or pale 
yellow. To prevent excessive loss of acid the 
neck of the flask may be closed with a loosely 
fitting bulb stopper or with a short stemmed 
funnel. Tho cooled liquid is then poured care- 
fully into a 500 ml. flask containing about 
100 ml. of water, the Kjeldahl flask rinsed out 
several times and these washings added also to 
the flask followed by 20-25 ml. of 0'5A r -sodium 
metabisulphite or 0'2A 7 -sodium sulphide 

(Na z S,9H a O). 

The sulphide material is added to decompose any 
mercury ammonium compounds which are not 
easilyattackedbyalkali. In addition, there may 
be added a little porous earthenware or granulated 
zinc to prevent bumping, although the mercury 
sulphide itself is generally sufficient to promote 
regular boiling. The flask is now 'fitted with a 
bung carrying a dropping funnel and a delivery 
tube which embodies some form of spray trap. 
This tube connects with a vertical condenser, 
the lower end of which dips just below the surface 
of the standard acid contained in a conical flask. 
Concentrated sodium hydroxide is run in through 
the dropping funnel until the liquid in the flask 
is strongly alkaline, the solution heated until 
it boils, and the ammonia distilled off with tho 
steam. For complete expulsion of the ammonia 
it is necessary to collect about 100-150 ml. 
of distillate. The condenser is rinsed out with 
water and the excess of acid remaining in the 
conical flask is titrated. 

This simple Kjeldahl estimation is unsuitable 
for nitrates, nitrites, nitro-, nitroso-, azo-, 
hydrazo-, and hydrazine compounds, and a 
special preliminary reduction process is necessary 
in such cases. 

Nitrates .and nitro-derivatives are usually 
treated by pouring quickly on to the weighed 
material about 20 ml. of a solution of salicylic 
acid (4—8 g.) in sulphuric acid (100 ml.), and 
heating gently until solution is complete and 
any reaction begins. After occasional shaking 
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for one hour there is added the reducing agent, 
which may be either 1-2 g. of pure zinc dust 
and one drop of mercury or 5 g. of sodium thio- 
sulphate. When all the zinc has been con- 
sumed or immediately after addition in the case 
of the thiosulphate, the flask is gently heated 
until frothing has ceased, after which potassium 
sulphate and mercuric oxide or mercury are 
added and the estimation continued as before. 

Azo- and hydrazo derivatives may also be 
treated by this method, but it is preferable 
to use stannous chloride as the reducing agent. 
For this purpose the substance (0-3-0 5 g) 
dissolved in £0 ml. of alcohol is boded under a 
reflux condenser with 5-7 ml. of stannous 
chloride solution (40 g. in 100 ml. HCl) for 
10 minutes after the solution is bleached 
(about 20 mins, in all). On cooling there is 
added an equal volume of water and 25-30 ml. 
of sulphuric acid. The liquor is gently heated 
to remove w-ter and when any foaming has 
ceased the determination IS continued in the 
usual way by introducing potassium sulphate 
and the mcrcuiy catalyst. 

Hydrazines, semicarbazides, etc., may be 
reduced with zinc and sjlphunc acid, finally 
using potassium persulphate in place of 
potassium sulphate or by heating under a reflux 
condenser with formaldehyde, zinc dust, and 
hydrochloric acid, adding a little stannous 
chlonde towards the end to complete the 
reduction. In the latter ease the subsequent 
procedure follows that given in the preceding 
method. 

Numerous modifications of all the above 
estimations are constantly being introduced, 
and a recent summary of the literature is given 
by A. Friedrich (Mikrochem. 1933, 13, 91). 

Instead of mercury as the catalyst there have 
been suggested copper sulphate, copper selenite, 
tellurium, selenium, titanium, molybdenum, 
and many other metals. Tellurium and 
selenium (also copper selenite) are stated to 
be very effective although the presence of 
selenium in too great concentration tends to 
cause a loss of nitrogen if heating is unduly 
prolonged ; this results from the decomposition 
of ammonium selenite thus : 

3(NH 4 ),SeO,= 9H x O+2NH 3 +3Se+2N, 
(Tiufel, Thaler, and Starke, Angcw . Chem. 1935, 
48, 191 ; 1930, 49, 265 ; Osborne and Wilkie, 
J. Assoc. Off. Agnc. Chem. 1935, 18, 604; 
Illarionov and Solovjevo, Z. anal. Chem. 1935, 
100, 328; Schwoegler, Babler, and Hurd, J. 
Biol. Chem. 1936, 113, 749). 

Estimation of Halogens . — Carius Method . — 
The substance to bo analysed is oxidised in a 
scaled tube with fuming mine acid and in 
the presence of Bilver nitrate ; the resulting silver 
halide is weighed or, if a known weight of silver 
nitrate 1$ taken, the excess of the latter may be 
determined volu metrically. The tubes used are 
of fairly hard glass some 13 ram. in diameter and 
with walls about 2 mm. thick ; they are 50-60 
cm. long and are sealed at one end. 

Into the cleaned and dried tube are placed a 
slight excess of silver nitrate (about 0 5 g. is 
usually sufficient) and 1-5-2 c.c. of nitric acid 
(d= 1-5). the latter being poured in through a 


long thistle funnel which i3 then carefully with 
drawn so as to avoid wetting the sides of the 
tube. The substance to be analysed (about 0 2 
g.) is now weighed into a narrow tube made 
from quill tubing and which is 7 cm. long and 
0 8 cm. in diameter. This is inserted into the 
Canus tube by inclining the latter and gently 
sliding the weighed tube down the side. The 
combustion tube is next drawn out to a thick 
capillary and scaled, care being taken that 
during this process the nitnc acid is not allowed 
to enter the small tube. When cold, the tube u 
wrapped in a few turns of paper and inserted into 
an iron or steel tube so that the whole of 
the capillary projects from this tube, which is 
then introduced into the furnace. The latter 
consists of a rectangular sheet iron box con- 
structed to stand in an inclined position and 
containing 3 or 4 tubes into which the above- 
mentioned iron or steel tubes are placed. The 
furnace is heated by means of Bunsen burners, 
while a tube inserted into its upper surface 
serves as a thermometer pocket ; it is usual to 
surround the furnace with a well protected 
enclosure (Fig. 5). Hrating should be carried 
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out in a slow and regular manner so that a 
temperature of 250°-3l)0 o is reached in 2j-3 
hours, this temperature being then maintained 
for 3-4 hours. When cold the combustion tube 
is opened by gently- warming the capillary to 
remove any condensed acid and then. strongly- 
heating the extreme tip until a hole is blown 
at this point by the imprisoned and compressed 
gas. On no account should the tube be removed 
from the furnace until the pressure has been 
released in this way. The draw n out portion of 
the tube is now cut off, some distilled water 
added, and the contents transferred to a beaker. 
Combustion tube and weighing tube are rinsed 
several times with water until all the silver 
halide has been removed to the beaker. The 
liquid is then boiled for somo half on hour m 
the case of silver chlonde or bromide and for 
2 hours when silver iodide is present, after which 
the precipitate is allowed to settle. It is filtered, 
washed, dried and weighed in the usual manner. 

Volatile liquids may be weighed, in a Biuau 
thin-walled bulb tube which is scaled after 
introducing the substance and inserted into the 
Carius tube after weighing. .When the latter 
Is sealed the small bulb Is shattered against the 
side walls of the tube. 
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Method of Piria and Schijf. — This procedure is 
a modification of Liebig’s original method in 
which the substance was heated with lime in a 
combustion tube. In the present case two 
nickel crucibles are used, one of which when 
inverted may be inserted into the other, while 
instead of lime a mixture of lime and sodium 
carbonate (4 : 1) is used. A layer of this 
mixture is placed on the bottom of the smaller 
crucible followed by an intimate admixture of a 
weighed amount of the substance and the lime- 
carbonate. The crucible is now filled with 
lime and carbonate, placed in an inverted 
position in the larger crucible which is also filled 
with the mixture to just above the top of the 
inner crucible. After covering the outer crucible 
with a lid it is heated with a burner which is 
first directed around the sides of the crucible 
until the lime and carbonate between the 
crucibles are thoroughly hot. Heating is then 
continued underneath the crucible until decom- 
position of the substance is deemed to be 
complete. When cold, the contents of the 
crucibles are transferred to a beaker and the 



crucibles then washed out with about 200 c.c. 
of water. The lime is now carefully dissolved in 
dilute nitric acid, the beaker being cooled in 
ice during this process to prevent loss of halogen. 
If iodine is being estimated then sulphur dioxide 
solution must be added before the nitric acid in 
order to reduce calcium iodate. The halogen 
in the acidified solution is estimated in the usual 
manner. 

Method of Stepanov. — Decomposition of the 
material is efiected in this process by boiling 
with alcohol (20-40 c.c.) and adding a -con- 
siderable excess of sodium at such a rate that a 
vigorous action is maintained : 

XCI-f 2Na-f C 2 Hj.OH 

=XH+NaCI+C 2 H 5 -ONa 

The amount of sodium required varies from 
about six times the weight of substance taken 
in the case of iodo- derivatives to twenty times 
when chlorine is being estimated. After 
addition of the sodium the solution is boiled 
for one hour, cooled somewhat, and diluted with 
20-40 c.c. of water. Alcohol is removed and tho 
halogen determined in the aqueous liquor by 
known means (see Bacon, J. Amer. Chem. Soc. 
1909, 31, 49). 

Method of Grote and Krckeler. — See below', 
under Sulphur. 

Estimation of Sulphur. — Method of Carina. 
— Excepting for the omission of the silver nitrate 
this method is identical with that described 
above, although in certain cases it may be 
necessary to heat the tube to 300°-350° to ensure 
complete decomposition. Tho sulphuric acid 

c b a 
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Fig. 6. 


produced is estimated in the usual .manner with 
barium chloride after concentrating the solution 
with hydrochloric acid to remove excess of 
nitric acid. This concentration may be avoided 
if the barium chloride is run in drop by drop with 
good stirring to the hot and rather dilute 
sulphuric acid solution. 

Method of Eschka. — See under Gravimetric 
Estimation of Sulphur p. 603. 

Method of Grote and Krekeler (Angew. Chem. 
1933, 46, 10G). — This is a combustion method 
whereby it is possible to estimate sulphur in 
any substance which can be burned. 

The apparatus (Fig. 6) consists of a quartz 
tube (50 cm. long and 17 mm. internal diameter) 
connected by a ground glass joint w'ith an 
absorption vessel. Fused into the central portion 
of tho tube are (a) a perforated plate of clear 
T'artz, and ( b ) and (c) two quartz filter discs. 

The plate serves to mix the vapours of the 
substance with the air needed for the com- 
ustion and also to prevent any unvaporised 
liquid from reaching the first disc. Com- 
bustion should take place entirely at this disc. 


the second one merely being a safeguard in the 
event of incomplete oxidation at the first. A 
small asbestos-lined box movable on rails 
covers the portion of the tube carrying tho 
discs and serves to concentrate the heat of the 
burner at this point. 

The absorption vessel contains a thick, 
finely perforated glass filter plate, w r hile glass 
beadB are introduced above and below this plate. 
The absorbing liquid consists of 50 c.c. of 3% 
hydrogen peroxide half of which is contained 
above the filter disc and half below. Most of 
the S0 3 produced is absorbed in the lower half, 
the function of the filter disc being to coalesce 
the acid particles in the fine mist which is also 
produced and which tends to pass through any 
liquid. 

The material to be analysed is weighed into a 
combustion boat which is then inserted into the 
tube until it is about 1-3 cm. from the per- 
forated plate. The amount of substance 
to be taken varies from 100 mg. if the sulphur 
content exceeds 1% to 3-5 g. for proportionately 
lesser percentages. If the sulphur content is so 
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high that only a small amount of substance is 
required, then, for ease of combustion, it is 
advisable to add some sulphur-free material 
such as liquid paraffin. 

To carry out the operation the filter discs are 
first heated until they glow. A current of air 
(three bubbles a second) is then drawn through 
the tube by means of a pump, this current being 
regulated by the screw-clip (d). The boat is 
now gently heated from the gas inlet 6ide until 
the substance vaporises and a small blue flame 
appears at the first disc (i). The flow of air 
may now be increased and also, if necessary, the 
amount of heat supplied to the boat until a 
fairly large flame occurs at the disc. Combustion 
is complete in G-10 minutes, after which the 
air supply is decreased and any liquid collected 
between the boat and the perforated plato is 
vaporised. That portion of the tube between 
the filter discs and the ground glass joint is 
strongly heated to remove any S0 3 , and in a 
few minutes the receiver may be disconnected. 
The absorbing medium is sucked out through 
the cock at the bottom of tho absorption 
vessel, w hich is then washed twice with water. 
The sulphuric acid in the resulting solution 
is determined in the usual manner. 

By using an absorption liquid of 8 parts of 
crystallised sodium sulphite in 100 parts of 
0-1 A' -sodium hjdroxide the apparatus may be 
used to estimate halogens. 


Estimation of Phosphorus. — J/etfod of 
Cartas— This method as used for sulphur also 
serves for the determination of phosphorus in 
organic compounds. The resulting phosphonc 
acid is precipitated as magnesium ammonium 
phosphate, which is subsequently igmted to 
pyrophosphate, Mg,PjO,. 

Messenger's Method — The organic material 
(0 3-0 4 g.) is placed in a flask fitted with a 
ground-in condenser through which is added 
tho oxidising agent consisting of 4-5 g. of 
chromic acid and 10 ml. of sulphuric acid. The 
mixture is gently heated for one hour, after 
which a further 10 ml. of sulphuric acid are 
added and heating continued for another hour. 
The contents of the flask are washed into a 
beaker, heated on a steam bath, and the 
phosphate precipitated as phospho molybdate. 
The precipitate is collected, washed iwth a dilute 
solution of ammonium nitrate and nitric acid, 
and dissolved in ammonia. The phosphate is 
now precipitated with magnesia mixture, a few 
drops of citric acid solution being added to 
pre\ ent any precipitation of chromium caught in 
the molybdate precipitate (Ber. 1888, 21, 291G).. 

Other oxidising agents that may be used are 
nitric acid and potassium permanganate or 
nitric and Bulphunc acids. 

Estimation of Arsenic. — Method of Little, 
Cahtn, and Morgan (J.C S 1000, 95. 1477).— 
For details, see Volumetric Analysis (pp 645, 653). 
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Estimation of Antimony. — Organic anti- 
monials may either be decomposed by fusion 
With peroxide and carbonato or by heating 
with nitric and sulphurio acids. The antimony ■ 
is estimated as sulphide as given under Gravi- 
metric Analysis (see also Morgan and Davies, 
I’roc. Roy Soc. 192C, 110, A, 530). 

Estimation of Oxygen. — Although oxygen 
in organic compounds is usually estimated by 
difference various methods for determining the 
clement have been put forward from time to time. 
It is only recently, however, that reliable methods 
have been elaborated, these being based largely 
on the work of II. Ter Meulcn (Rec. trav. chim. 
1922, 41, 509; 1924, 43, 899; 1934, 53, 118). 
The procedure consists in distilling the material 
on to a red hot contact substance which decom- 
poses it producing water and oxides of carbon, 
the latter being then hydrogenated to methane 
and water by means of hydrogen and a nickel 
catalyst. The water is absorbed in a weighed 
calcium chloride tube, while a small soda 
lime tube takes up any traces of carbon 
dioxide which may have escaped reduction. 
Several modifications have been suggested 
at various times, especially by Russell, Fulton 
and Marks (Ind Eng. Chem. [Anal.], 1933, 5, 
384; 1934, 6, 381; 1935, 7, 102; 1936, 8, 
453). 

The hydrogenation is carried out in a clear 
quartz tube 1 m. Jong, 1 cm. in diameter, and 


with 1 mm. walls, and where only carbon, 
hydrogen, and oxjgcn ate present the apparatus 
shown ui Fig. -7 is used. E is a small platinum 
or quartz boat carrying the material, while at 
c~d is inserted the contact material consisting 
either of pure asbestos, platinised asbestos, 
platinised quartz, or spirals of pure nickel wire, 
this being heated in a small Tleteher furnace or 
elect neatly. The catalyst is contained between 
ti and b and consists of nickel supported on 
asbestos or quartz and preferably activated 
by 2-10% of thoria. It may be made by shaking 
up asbestos with nickel oxide (iron free) and 
thona and then reducing with hjdrogen after 
placing in the tube, or quartz grains may be 
soaked in nickel and thorium nitrates, ignited 
after drying and again reduced after filling info 
the tube. The eataljst is heated in somo simple 
form of furnace to a temperature between 300"- 
400° although for the preliminary reduction of 
the nickel oxide a temperature of 400°— 150° is 
advisable. This reduction of the oxide is often 
very glow, especially if the nickel contains iron, 
and even so it is advisable to run a blank estima- 
tion and to subtract its value from that obtained 
during the analysis. The hjdrogen may bo 
produced cither elect roly tically or from zinc and 
acid; it is purified through alkaline and acid 
permanganate as well as silver sulphate, while 
traces of oxj’gen are removed by passing over 
platinised asbestos Any water produced is 
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absorbed by passage through a cooled calcium 
chloride tube. 

To carry out the estimation the tube is first 
filled with C0 2 or air may be removed by 
evacuation and “hydrogen is then led in. The 
contact material and catalyst are raised to red 
heat and 350° respectively, after which the 
boat is introduced without allowing air to enter 
the tube and the absorption train attached at 
the other end. The substance is now heated 
slowly and regularly until it has all been decom- 
posed or distilled on to the cracking surface, 
after which the whole of the tube on the gas 
inlet side is strongly heated with either a Bunsen 
burner or, better, a blast flame. At the end of 
the hydrogenation the tubes are removed, dry 
CO, -free air passed through them, and 
weighed. As much carbon collects in the quartz 
tube it is necessary to burn this out with air 
after three or four analyses. 

When the substance contains nitrogen the 
hydrogenation will give rise to certain quantities 
of ammonia which would be absorbed by calcium 
chloride. Ter Meulen therefore uses an absorp- 
tion tube which is in two parts, the first contain- 
ing a known volume of standard sulphuric acid 
to absorb ammonia and the other calcium 
chloride. Ammonia and water are thus weighed 
while by titrating the excess of standard acid the 
weight of ammonia may be calculated. Obviously 
a simpler method would be to use an absorbent 
which docs not take up ammonia, and con- 
sequently Russell and Marks have advocated 
pcUets of sodium hydroxide, while Marks uses 
calcium sulphate. 

Sulphur-bearing compounds form hydrogen 1 
sulphide, most of which is retained by the 
nickel in the tube, thus poisoning the catalyst. 
To ensure retention of all the sulphide Ter 
Meulen uses an additional filling of finely 
divided nickel heated -to 150°, but if calcium 
sulphate is used to absorb water no such pre- 
caution need bo taken. 

Halogens are also mostly retained by the nickel 
though varying small amounts come through 
and must be absorbed in a manner similar to 
ammonia except that sulphuric acid is replaced 
by standard silver sulphate solution. 

Proximate Analysis of Carbon 
Compounds. 

Methods available for the separation of the 
constituents of any particular mixture of organic 
compounds will depend essentially on the nature 
of the mixture and must be found out by trial. 
A few of the more general methods usually 
employed are briefly described. 

Fractional Distillation is used for the 
separation of liquids which possess boiling- 
points fairly considerably removed from each 

Certain substances are volatile in steam and 
tan thus bo removed from others which do not 
ex Mbit this property. Where two compounds 
ure to be separated both of which distil, then it 
3 often possible to convert one of them into a 
ion-volatile derivative. Thus volatile organic 
eitl * - n ' Jases ma y He separated by distilling 
H° ni solutions containing mineral acid 
101 H xcs the bases or from caustic alkaline 


solutions which render the acids non-volatile. 
Steam distillation can be carried out under 
reduced pressure, while in some cases it is 
necessary to use superheated steam. 

Fractional Precipitation. — -As in inorganic 
analysis, reagents may be found which precipitate 
some members of a mixture while other remain in 
solution. Also if the components resemble 
each other and are present in sufficient amounts, 
advantage may be taken of their differing order 
of precipitation by a known reagent added in 
successive small quantities. Thus, if a calcium 
salt bo added to a mixture of neutral salts of 
oxalic, malonic, and succinic acids, calcium 
oxalate is precipitated first, the middle fractions 
will contain most of the malonate, while the end 
fractions give calcium succinate. Silver and 
lead salts are often advantageously used for 
separating such organic acids. 

Fractional Crystallisation is used where 
substances differ in their solubilities in any 
given solvent. The solution when partially 
concentrated deposits crystals of the least 
soluble compound, while further concentrations 
yield mixtures differing in composition and in 
which are increasing proportions of the more 
soluble members. The various fractions or 
groups of fractions are submitted to the 
same procedure and a separation gradually 
effected. 

Fractional Solution is perhaps the method 
most generally applicable, for the range of 
solvents available is so great that it is not 
difficult to find a menstruum which will dissolve 
one component of a mixture more readily than 
the others. Where substances differ widely in 
their solubilities in any one solvent the more 
soluble material may be leached out with succes- 
sive small quantities of the liquid. The solvents 
most commonly used are given below together 
with their general properties. 

Water dissolves many acids and their 
salts, also organic bases and salts ; also serves 
for highly oxidised carbon compounds, such as 
carbohydrates, gums, alcohols, polyhydric 
phenols, etc., which are not readily soluble in 
alcohol or ether. Very many organic sub- 
stances do not, however, dissolve in water, while 
it decomposes others such as acid chlorides, 
anhydrides, esters, etc. 

Alcohol has considerable solvent properties 
and is useful for many classes of organic sub- 
stances. Like water it reacts with certain 
halogen derivatives. 

Ether dissolves a large variety of materials 
such as hydrocarbons, resins, fats and alkaloids. 
It is relatively inert and has the advantage of a 
low boiling-point, so that it can easily be removed 
by distillation. 

Benzene and its homologues are useful solvents 
for oils, fats, waxes, terpenes, resins and 
rubber; they also serve for such substances as 
are decomposed by water. 

Carbon disulphide, like ether, is easily volatile, 
but it possesses a far more limited application. 
It dissolves fats, essential oils, resins and 
rubber, but salts and liydroxylic compounds 
are generally insoluble in this medium. 

Light Petroleum . — Generally obtainable in 
three fractions, boiling at 40 o -00°, C0°-S0°, 
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SO'-IOO° ; it lias limited solvent properties 
although it is much used for oils and fats. 

Chloroform, Methylene Dichloride, and 
Carbon T etrachloride dissolve many substances, 
especially oils, fats and alkaloids, Bnd are, in 
addition, practically non inflammable. Other 
non-inflammable solvents are the chloro- deriva- 
tives of ethane and ethylene. 

Some of the solvents which are also used, 
although less frequently, are acetone, ethyl 
acetate, amyl alcohol, pyridine and nitrobenzene. 

The extraction of a substance from admixed 
solids by means of a volatile solvent is best 
carried out in a Soxhlet extractor. This 
consists of a wide tube E (Fig 8) closed at the 
bottom end and sealed to a narrower tube N 
w hich is fitted to a small flask either by means of 
a cork or a ground glass joint. Connection 
between the two tubes is eflected by means of 
(a) a narrow tube a serving as a siphon, and 
(ft) a wide tube t The latter tube carries the 
vapour of the solvent boiling m the flask to the 
top of the extractor which is connected with a 
reflux condenser. The condensed solvent drops 
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on to the material to be extracted and which is 
contained in a tlnmble made of filter paper 
inserted into E so that it3 upper end is above the 
level of the top of the siphon. The liquid per- 
colates through the material, is filtered through 
the paper, and rising m the tube is siphoned of! 
when it 1ms reached the bend of the narrow 
tube *. The process continues automatically 
and the extracted substance gradually accumu- 
lates in the solvent in the flask. When extrac- 
tion is complete the liquid is distilled and the 
lesidue recovered. 

Where the required material is found in solu- 
tion it may often bo removed by agitating the 
liquid with a non miscible solvent. Tor this 
purpose a pear- or tube shaped separating 
funnel is employed (Fig. 9), one end of which is 
fitted with a stop-cock whde the other is closed 
with a stopper, liquid and solvent are 
thoroughly agitated in this apparatus and, after 
separating, the lower layer is run off through the 
stop-cock while the upper layer is poured through 
the top or drawn off through a glass tube by 
means of suction. The number of extractions 
necessary will depend on the relative solubilities 


of the material in the original solvent and 
extracting medium. 

Estimation of Radicals Commonly 

OCCDRHINC IN OrcANIC COMPOUNDS. 

Jn an article such as this it is not possible to do 
more than indicate a few of the most general 
methods available for the estimation of some of 
the typical radicals found in organic compounds. 

Hydroxyl. — Of two methods which are 
avadable the first depends on the formation of aa 
acetyl derivative followed by the estimation of 
this group (see under Acetyl p. 625), while in 
the second there is determined the volume of 
methane produced on interaction with methyl 
magnesium iodide (Grignard’s reagent): 

ROH+CH 3 Mgl = R OMgl+CH. 

This method is really an estimation of active 
by drogen and can therefore be used also for the 
estimation of aulphydryl (SH), imino- and 
amino- groups; it also follows that all reagents 
and apparatus must be scrupulously dried. 

For the procedure the substance (01-025g) 



is placed in a glass bottle (Fig. 10) together with 
10-20 mi, of dry amyl ether, phenetole, or 
pyridine. Excess of Gngnard's reagent in one 
of the above solvents 19 placed m a tube which w 
also inserted in the bottle and the latter then 
connected to the burette filled with dry mercury. 
The bottle is brought to constant temperature 
by immersing in a bath and the burette reading 
taken under atmospheric pressure. The contents 
of the tube and bottle are allowed to mix into 
thorough shaking and after all the methane has 
been evolved the temperature is again allowed 
to become constant and the new burette reading 
is taken (Hibbert and Sudborough, J Co. 
1904, 85, 933; Zercwitinoff, Her. 1907, 40, 
2023). 

M et h oxy I . — This important radical occurring 
in many natural organic compounds is usually 
determined by some modification of Zeisels 
method, which consists in decomposing the 
material with hydriodic acid (free from sujpnar 
compounds) or w ith a mixture of this acid ana 
acetic anhydride. The methyl iodide formed i* 
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absorbed in alcoholic silver nitrate and the 
precipitated silver iodide is weighed ; each 
-OCH3 is equivalent to 1 mol. of Agl. 

Tho simplest modification is that due to 
Perkin (J.C.S. 1903, 83, 1307) in which the 
substance (0’3-0-4 g.) and. the hydriodic acid 
d 1-7 (15 ml.) are placed in a 200 ml. distilling 
llask A (Fig. 11) having a long neck, the side 
arm being somo 20 cm. above the top of the 
bulb. The flask is heated at 130°-140° in an 
oil-bath whilo carbon dioxide is passed through 
the apparatus. The methyl iodide is collected 
in two flasks B and containing respectively 
20 and 15 ml. of aqueous alcoholic silver 
nitrate made by dissolving 2 g. of the salt 
in 5 ml. of water and adding 45 ml. of pure 
alcohol ; one drop of nitric acid is also added to 
each flask. After heating the distilling flask for 
one hour the temperature of the bath is raised 
until tho hydriodic acid boils gently but without 
distilling into the side arm. The operation is 
complete when on substituting for B the 
V-tube D containing a few ml. of the silver 
nitrate solution no turbidity is noticed after 
15 minutes. The contents of the flasks are 
washed into a beaker containing 50 ml. of boiling 
water acidified with nitric acid and the silver 
iodide is collected after boiling for one to two 
hours. 



Hewitt and Jones (J.C.S. 1919, 115, 193) 
absorb the methyl iodide in pyridine, thereby 
converting it into pyridine metliiodide in which 
ie iodine, being ionised, may be estimated 
adding excess of standard silver nitrate 
it hi' nl '^ detenninin S this excess by Volhard’s 


Methyl. A modification of Zeisel’s method: 
jnnuits its use for the estimation of methy 
fcioups attached to nitrogen. Here the sub 
. ” te ! s heated with hydriodic acid and drj 
IB int'° niUm ,0< hd e - To decompose the resultin' 
, am monium salt it is usually neeessan 

oi™ olf th , e acid and heat the residue to 300°- 
" , lie evolved methyl iodide being absorber 
Vot. II. — 10 • 


as indicated above. It is obvious that a 
vessel must be inserted to catch the hydriodic 
acid, while it is also necessary to provide a trap 
containing a mixture of cadmium sulphate 
(5%) and sodium thiosulphate (5%) to retain 
hydrogen sulphide, hydriodic acid, and iodine 
(Herzig and Meyer, Ber. 1894, 27, 319 ; Monatsh. 
1894,15,613; 1895, 16; 599 ; for the adaptation 
to micro-analysis, see Pregi-Roth, “ Quantitative 
Micro-AnalysiB ”), 

Acetyl. — This radical is determined by 
hydrolysis either in alkaline or acid media. 
In the former case the substance is boiled with a 
known volume of an aqueous or aqueous- 
alcoholic standard solution of alkali excess of 
which is then found by titration. A control 
experiment is necessary to determine the 
changes occurring in the standard alkali during 
the process. In the original method of acid 
hydrolysis due to Wenzel (Monatsh. 1893, 14, 
478; 1897, 18, 659) the acetyl derivative is 
heated with dilute sulphuric acid (1:2) after 
which mono-sodium phosphate (NaH 2 P0 4 ) is 
added, and the mixture concentrated under 
reduced pressure, the acetic acid which distils 
over being collected in excess of standard 
alkali. The phosphate serves to fix the sulphuric 
acid and prevent its decomposition with the 
liberation of sulphur dioxide. To prevent tho 
possibility of sulphur dioxide being formed 
Sudborough and Thomas (J.C.S. 1905, 87, 1752) 
have recommended the use of aromatic sulphonic 
acids as hydrolysing agents. The substance 
(0-2 g.) is treated with 100 ml. of a 10% benzene- 
sulphonic acid solution and steam passed through 
so that 400 ml. of distillate are obtained per hour, 
distillation being continued until tho liquor 
passing over is neutral. The acetic acid is then 
titrated with standard barium hydroxide. 

In a method due to A. G. Perkin (J.C.S. 1905, 
87, 107 ; 1907, 91, 1230) hydrolysis is eSected 
with Bulphuric acid in the presence of alcohol 
whereby ethyl acetate is formed and removed by 
distillation into a known volume of standard 
alkali. The ester is hydrolysed and the excess of 
alkali then determined (see also Phillips, Ind. 
Eng. Chem. [Anal.], 1934, 6, 321). 

Carboxyl. — Provided that the molecular 
weight of the substance is known it is possible 
to estimate the number of carboxyl groups 
present either by the analysis of its neutral salts 
or by titration with a standard solution of a 
base. 

For the former procedure the silver salts aro 
the most suitable, as they are generally anhydrous 
as well as normal salts and, moreover, can, in 
most cases, be easily prepared by the interaction 
of a neutral salt of the acid with silver nitrate. 
Direct ignition of these salts leaves a residue of 
silver which may be weighed, but in some cases 
they decompose too violently for ignition and 
must then be heated with aqua regia, which 
destroys the organic matter and converts the 
silver into chloride which is weighed as such. 
A few also are sensitive to light and must bo 
protected from sunlight during preparation. 
Certain aromatic hydroxycarboxylio acids (e.fi 
3 ;5-dinitro-p-hydroxy benzoic acid) take up 
two atoms of silver, one of them replacing the 
phenolic hydrogen. 
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Other salt* which may be used are those of 
lead, copper (often suitable for amino-acids), 
calcium and barium, the last two being useful 
for dibasic acids with which they often form 
insoluble salts 

Titration methods usually employ barium 
hydroxide as the base although standard aqueous 
or aqueous alcoholic solutions of sodium or 
potassium hydroxide may also be used. The 
acid may be dissolved either in water or neutral 
alcohol or ether, while the most suitable 
indicator is phenolphthalein. 

The weaker fatty acids may be conveniently 
estimated by the following indirect method. 
1 g. of the substance is dissolved in alcoholic 
potash (the alcohol being at least 93%), and 
excess alkali is precipitated as carbonate or 
bicarbonate by saturating with carbon dioxide. 
After filtering the precipitate and washing with 
alcohol the filtrate 13 concentrated to remove 
alcohol and the residue containing the potassium 


salt of the acid is heated with 10% aqueous 
ammonium chloride, the evolved ammonia 
being collected and estimated as in Kjeldahls 
method (p. 619). 

Carbonyl. — The carbonyl group in all 
aldehydes and some ketones (not mixed kc tones 
or ketonic acids) may be detected by the 
green fluorescence produced when an aqueous or 
alcoholic solution is heated with a 1% solution 
of m-pbenylenediamine hydrochloride. The 
radical is best identified, however, by its ability 
to form hydrazones with phenyl hydrazine 
or its substitution products (especially 2 4- 
dinitrophenylhydrazme) and semi'carba- 
zones with semicarbazide. These derivatives 
are usually well defined and crystalline. 

If in the production of a phenylhydrazone 
from a known weight of carbonyl compound anil 
phenylhydrazine the excess of the latter is 
determined, then it is possible to estimate the 
carbonyl group. The uncondensed phenyl- 



hydrazine is decomposed by Fehling’s solution 
according to the following equation and the 
nitrogen liberated is measured . 

C, Hj-NH NH,+2CuO 

= HjO+Nj+CujO 

Fehling’s solution is a two-solution reagent 
consisting of (a) C9 23 g. CuS0,,6H,0 per litre 
and (fc) 350 g. of Rochelle salt and 120 g. of 
NaOH per litre. Equal volumes of (a) and (6) 
are taken and mixed before use. 

For the estimation the apparatus in Fig. 12 is 
used and consists of a flask B connected to a 
carbon dioxide supply A, and a reflux condenser 

D. The latter leads to the washing bulbs E 
containing a mixture of nitric and sulphuric 
acids in molecular proportions and which 
serves to retain benzene from the gas which is 
then scrubbed free of acid fumes by passage 
through water. The nitrogen is finally collected 
over potash in the Schiff’a nitrometer. 

200 e e. of Fehling’8 solution are placed in B 
and covered with a layer of petroleum to prevent 
absorption of the carbon dioxide in the alkaline 


liquor The flask is heated on a water-bath 
and when all the air has been displaced by carbon 
dioxide a blank experiment is carried out using a 
known \oIume (10 ml) of standard phenyl- 
hydrazine solution (approx. 5%) together with 
aqueous sodium acetate (10%). This mixture is 
run in through the dropping funnel, the stem 
of which is filled with water and the funnel 
rrnsed out w ith hot water. The nitrogen evolved 
is collected and measured. The experiment is 
now repeated using the same volume of the 
phenylhydrazine solution and aqueous sodium 
acetate to which has been added a knowil 
weight of the carbonyl compound. The differ- 
ence in the volume of nitrogen now obtained 
is a measnre of the carbonyl present in the 
anbstance (Watson Smith and Kauffler, Chem. 
Lews, 1906, 93, 83). 

In some cases it is possible to evaluate the 
carbonyl group by estimating the amount of 
cuprous oxide formed in the above reaction. 
The oxide is filtered off, dissolved in standard 
ferric sulphate solution, and the ferrous sulphate 
produced b titrated with *V/I0 potassium 
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permanganate (Smedley MacLean, Biochem. J. 
1913,7, 611). 

Alternatively, uncondensed phenylhydrazine 
may be allowed to react with excess of N/ 10- 
iodine solution which is then hack-titrated with 
thiosulphate : 

C 6 H 5 -NH-NH 2 +2I 2 =3HI + C 6 H 6 I + N 2 

Estimation of Nitko- Groups. — This radical 
is usually determined by reducing it to the 
corresponding amino-group either with standard 
stannous chloride or titanous chloride solutions. 
The latter method is, perhaps, the more 
commonly employed and a brief description of it 
is given. 

The titanous chloride, of about A T /30 strength, 
is made up by boiling 50 ml. of commercial 20% 
solution with 100 ml. of hydrochloric acid, 
cooling, and diluting to 2J- litres. This is stored 
in a bottle connected with a burette and an 
atmosphere of hydrogen is maintained through- 
out the apparatus. The solution is standardised 
by means of a ferric salt solution using potassium 
thiocyanate as the Indicator, a relatively large 
amount of the latter being necessary to produce 
a sharp end point. The nitro- compound, if not 
soluble in water or hydrochloric acid, may be 
dissolved in alcohol although in this case a 
blank experiment must be made to correct for 
any reducing action of this solvent. Alter- 
natively, substances insoluble in water maybe 
rendered soluble by sulphonating with fuming 
sulphuric acid. Whichever method is adopted 
the nitro- solution is made up to approximately 
A/30, a known volume taken, and this reduced 
with excess of titanous chloride by boiling for 
5-10 minutes in an atmosphere of carbon dioxide. 
After cooling, the excess of the reductant is 
estimated by titrating with standard ferric 
alum solution. From the equation 

6TiCI 3 +RN0 2 -l-6HCl 

= 6TiCl 4 +RNH 2 +2H 2 0 

the percentage of nitro groups present may be 
calculated : 

1 ml. of 0'03A 7 -TiCI 3 =0-23 mg. NO s . 

Azo Groups. — Titanous chloride may also be 
used to estimate azo groups, especially in 
dyestuffs, and in many cases these act as their 
own indicator, being decolorised on reduction. 
For this purpose it is necessary that the dye be 
soluble in dilute hydrochloric acid, otherwise the 
indirect method used for nitro-groups must be 
adopted : 

RN:NR'+4TiCI 3 +4HCI 

= RNH 2 +R'NH 2 +4TiCl 1 

Estimation of Organic Amines. — Amines are 
divided into three classes, primary, secondary 
and tertiary, depending on whether the nitrogen 
atom is linked respectively to one, two or three 
organic radicals, these being either aliphatic or 
aromatic groups. The nature of the attached 
groups governs largely the reactions of each 
of these classes and also influences the strengths 
of the amines as bases. 

Primary Amines, RNH 2 . — All primary 


amines when heated in alcoholic solution with 
chloroform and caustic potash produce carbyl- 
amines (feonitriles) RNC, which possess 
pungent, disagreeable odours. 

All such amines also react with nitrous acid, 
but whereas with aliphatic bases there is an 
immediate formation of an alcohol with simul- 
taneous liberation of nitrogen, aromatic amines 
first furnish diazo- compounds which decompose 
only slowly at room temperature although 
nitrogen is quickly evolved on warming. 
RNH 2 +HN0 2 =R0H+H,0+N 2 . In the 
case of alkylamines the nitrogen can be collected 
and measured, thus serving to estimate the 
proportion of amino group present. The pro- 
cedure is carried out by adding sodium nitrite 
solution to a known weight of the amine dissolved 
in excess of hydrochloric acid, the evolved 
nitrogen is collected in a nitrometer after 
passing through ferrous sulphate and alkaline 
(Na 2 CO s ) permanganate solutions which serve 
to remove oxides of nitrogen. There is less risk 
of contamination with these oxides if nitrosyl 
chloride be used, this reagent being made by 
adding fuming hydrochloric acid to 40% aqueous 
sodium nitrite. 

Aromatic primary amines may be estimated by 
dissolving a weighed amount in excess of hydro- 
chloric acid and titrating at 0° with standard 
sodium nitrite, the end point being reached 
when a drop of the liquor dropped on to starch 
iodide paper gives a blue colour. The nitrite 
solution may be standardised against sodium 
sulphanilate, (N H 2 -0 6 H 4 -SO 3 Na-2H 2 O), p- 
toluidine, or potassium permanganate. 

Primary aromatic amines may be determined 
in a mixture with secondary or tertiary amines 
by diazotising with an excess of Bodium nitrite 
and coupling the solution with a known volume 
of standard R-salt solution. The dye is pre- 
cipitated with Balt, filtered, and the filtrate 
examined to see whether the R-Balt or diazonium 
salt be in excess. The experiment is then 
repeated using more or less R-salt until the 
point is reached when neither R-salt nor diazo- 
compound appears in the filtrate. 

Estimation of Imino Groups in Secondary 
Amines. — A known weight of the material is 
acetylated by heating with a given weight of 
acetic anhydride either alone or admixed with 
dry xylene, dimethylaniline, or pyridine, the 
reaction being carried out in a flask fitted with a 
reflux condenser. Excess of the anh 3 T dride is 
then hydrolysed with water and the resulting 
acetic acid is titrated with standard alkali using 
phenolphthalein as indicator. In this way the 
weight of acetic anhydride required to acetylate 
the amine is found. 

Tertiary amines and the , quaternary 
ammonium salts do not exhibit the above pro- 
perties, but all give characteristic salts, such as 
aurichlorides or platinichlorides which may be 
employed to determine the amount of basic 
nitrogen present. For this purpose the double 
salts are ignited and the resulting gold or 
platinum is weighed. In most cases these auri- 
and platini-chlorides have the general formulas 
RHCl-AuClj and (RHCI) 2 -PtCI 4 respectively, 
so that one atomic proportion of gold or half an 
atomic proportion of platinum is equivalent to 
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one basic nitrogen atom. In certain cases salts 
of anomalous composition are met with and it is 
therefore desirable that the analysis of other 
suitable compounds such as chromates, thio- 
cyanates, ferrocyanidcs, picrates, etc., should be 
undertaken. G. T. M., G. R. D. 

CHROMATOGRAPHIC ANALYSIS. 

Chromatographic analysis is a method of 
separating mixtures of organic compounds by 
allowing a solution to percolate through a 
vertical column of a suitable adsorbent, on which 
the individual components are adsorbed with 
varying degrees of fastness. The column is then 
washed with the pure solvent (developed), 
when the less easily adsorbed compounds 
gradually move further down the column, until, 
in the ideal case, each component of the mixture 
occupies a definite zone; these can then be 
isolated and the adsorbed material recovered by 
extraction with a suitable solvent (elution). 

Tho method thus takes advantage of the fact 
that differences in structure often have a much 
greater effect on tho adsorbability of compounds 
than on their solubility ; the term “ chromato- 
graphic '* was applied to it because it was 
originally employed to separate mixtures of 
natural pigments, which form coloured zones on 
the adsorbent, but it is of very wide application 
and affords an extremely delicate means of 
separating even closely related compounds 
w hilst experimental losses are very small. 

The apparatus illustrated in Figs, lo-le and 
2 is suitablo for small-scale work : 




10-20 cm. lengths of narrow glass tubing 
filled with adsorbent resting on a plug of cotton 
wool kept in place by a restriction near the 


bottom of the tube arc convenient for micro- 
work and A. "Winters tein (Z. physiol. Chem. 1033, 
220, 263) has designed apparatus for handlin'* 
larger quantities ; it is, however, sometimes eon 
vement to perform a large-scale separation by 
employing a large number of small tubes (Zech- 
meister and Cholnoky, Annalen, 1933, 516, 37). 
For experimental details, see the reviews quoted 
below. 

Although a mixture of unknown composition 
may require preliminary tests to decide tho 
most suitable adsorbent, aluminium oxide is 
generally quite successful. Even commercial 
grades are often serviceable (Koschara, Z 
physiol. Chem. 1936, 239, 89), although these 
vary in adsorptive power and may contain 
an appreciable amount of alkali ; for this reason 
it is advisable to use the special standardised 
products such as Merck’s “ Aluminiuraoxjd 
nach Brockmann ” Other useful adsorbents are 
powdered sugar, calcium hydroxide and 
carbonate, magnesium oxide, and mixtures of 
these As solvents for the primary adsorption, 
petroleum, benzene, water, ether, chloroform, 
and carbon disulphide have been employed, 
whilst pyridine, alcohol and acetone arc more 
often suitable as eluting agents. 

The chromatographic method was first used 
by Tswett (Ber. dent. bot. Ges 1906, 24, 316) 
and to a small extent by Willst&tter (“ Chloro- 
phyllbuch,” Berlin, 1913, p. 157). With tho 
exception of a few references in tho literature 
(eg. Palmer and Ecclcs, J. Biol. Chem. 1914, 
17, 191 ; Coward, Biochem J. 1924, 18, 1114) 
the method was abandoned until the present 
decade, when It. Kuhn and his co workers 
achiev cd remarkable results in the field of caro- 
tenoid pigments (for a summary of the earlier 
results, see Willstacdt, Svensk Kem. Tidskr. 
1936, 48, 32), since when chromatographic 
analysis has become the standard method of 
examining hpochromc pigments from tho most 
varied sources, such as human fat, blood serum, 
etc. With extremely sensitive materials such ns 
tho carotenoids, even chromatographio ad 
sorption may lead to isomerisation, as in the 
conversion of fl carotene to 0-a-caroteno on 
repeuieif mAjurptfam cut a Rearms (■GcH&xv sied 
el Ridi, Biochem. J. 1936, 30, 1735). 

The method has been applied with complete 
success to tho separation of many other natural 
pigments, such as anthocyanins, a- and /?- 
chlorophyll, the pigments of bile, fungi, 
bacteria, etc. Of particular interest are those 
cases where the analysis was performed in 
aqueous solution (flavines, thiochrome, corpus 
luteum pigments, dyestuffs, urine porphyrins). 

fti the instances cited above the colour of the 
pigments makes the demarcation of tho adsorp- 
tion zones easy, but any other simple qualitative 
test for the presence of an adsorbed compound 
may serve the same purpose even though colour 
is lacking. Ileteroauxin was thus isolated by 
using a sensitive colour test (Kogl and co- 
workers , Z. physiol. Chem. 1934 , 228 , 90), whilst 
it is sometimes possible to convert the com- 
pounds under examination into coloured denva- 
tixes such as dinitrobcnzoates or dinitrophcnyl- 
hydrazoncs (Strain, J- Araer. Chem. Soc. 1935, 
57, 758). Brockmann (Z. physiol Chem. 1936, 
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241, 104) has isolated vitamin D from tunny- 
liver oil by an ingenious application of the 
chromatographic method, in which a coloured 
indicator of approximately the same adsorba- 
bility as the vitamin was added to assist in 
following the separation. A distinctive fluores- 
cence, especially in ultra-violet light, is a con- 
siderable aid when working with aromatic 
compounds (ultra-chromatography), and Karrer 
and Nielson (Zangger Festschrift, Zurich, 

1934, 954) and Winterstein and co-workers 
(Z. physiol. Chcm. 1934, 230, 148, 158, 109 ; Ber. 

1935, 68, [B], 1079) have achieved some striking 
separations in this way. It is sometimes 
possible to effect a separation without any 
such aid in cases when the components of a 
mixture differ very markedly in their adsorptive 
capacity, as in the mixtures of hydrocarbons and 
ketones examined by Winterstein ( l.c .) ; Mark 
and Saito (Monatsh. 1930, 68, 237) have applied 
tho method in this way to the fractionation of 
highly polymerised materials (acetyl cellulose). 

Of the recorded failures of the method to 
effect a separation may be quoted that of 
Kuhn and Grundmann (cited by Winterstein, 
Z. physiol. Chem. 1934, 230, 203) with a mixture 
of bixin dialdehyde and the corresponding 
aldehydo-acid, and that of Ruggli and Jensen 
( Helv. Chim. Acta, 1935, 18, 024) with a pair of 
dyestuffs of the formula : 


NH 



N:N 


SO„H 


nh 2 

c 


H0 3 S 


one of which had R = H and the other R = C H 3 , 
although another very similar pair of compounds 
could be separated without difficulty. 

Among general reviews on the subject may bo 
mentioned : A. Winterstein, “ Handbuch der 
l’tlanzenanalyse,” Wien, 1933, iv, 2 ; Willstaedt, 
be.; Lederer, Chim. et Ind. 1935, 33, 1072; 
Zcehraeistcr and Cholnoky, Monatsh. 1936, 68, 
OB, and “ Die Chromatographische Adsorptions- 
methodc,” Wien, 1937; A. H. Cook, J.S.C.I. 
1930, 55, 724. G. A. R. K. 

QUANTITATIVE MICROANALYSIS. 

Quantitative microanalysis relates properly to 
estimations carried out on very small samples 
(say, from 0-5 mg. to some 20 mg., but usually 
about 5 mg.) of initial material, using a micro- 
chemical balance capable of weighing to about a 
housandth of a milligram. It is thus a special 
process in cases where only small samples are 
available ; nnd, in the general case, an alterna- 
" 0 1° Uie older macroanalysis, which employs a 
sample somo fifty times heavier and makes uso 
balance sensitive to about a tenth of a 
shhgram. Analysis at a stago intermediate 
° fin° n ^ eso era P%3 a sample of some 20 mg. 
o 60 mg. and is referred to as semimicro- 
oalysis ; whereas at the stago of highest refine- 
ment with a sample of a few thousandths of a mg. 

“ mw ug.), it i a termed ultramicro-analysis. 
IntT- 0 ,] ^ *' vo I ,rocesses are comparatively 


Quantitative microanalysis is essentially the 
application of the ordinary methods of chemical 
analysis on a reduced scale ; in many cases the 
details of the micro- and macro- processes are 
closely similar, although in others, improve- 
ments, modifications, or new methods have 
been introduced. The more accurate of the older 
methods are surprisingly readily adaptable to 
the micro-scale, offering a field for investigation 
which is still wide. Apart from the fact that, it 
makes possible the examination of biological and 
other materials available only in very small 
quantities, micro-analysis is probably in general 
rather more accurate than the older process and 
possesses marked advantages over it in respect 
of ease of working, time required, bench space 
occupied by the apparatus, and cost of chemical 
reagents and of power. For these reasons it is 
increasingly replacing the macro-method in work 
of academic character and even in industrial 
chemistry. The chief disadvantages of tho 
reduced scale are the higher cost of the 
micro-chemical balance nnd the greater care 
required in sampling, testing of reagents, and 
manipulation. The technique of microchemistry 
may be acquired with ease by anyone used to 
chemical analysis. 

The production of a simple, invariable and 
durable chemical balance, weighing to about 
0'001 mg., with a load up to 20 g., was 
achieved by W. H. Kuhlmann of Hamburg in 
1912. F. Pregl, and also F. Emich, in Graz. 
Austria, were enabled by means of this balance 
to develop to the present microanalytical stage 
the small-scale methods of organic and inorganic 
analysis which they had already initiated 
with a less sensitive Kuhlmann balance. Pregl’s 
work is more especially associated with the funda- 
mental determinations of the elements in organic 
compounds and is justly renowned, whilst that 
of Emich relates chiefly to inorganic and general 
chemistry and is not so well known as it deserves 
to be. Only a few of the methods worked out by 
them, by their collaborators, and by others can 
be mentioned here. In all cases the literature^ 
must be consulted for tho fuller details of 
apparatus and manipulation. 

The Microchemical Balance. — For an account 
of some of the forms of this instrument now 
available (a. Balance, also Bibliography). 
Experience shows that the ordinary precautions 
suffice for the setting up and use of a micro- 
balance ; operation of the instrument is as 
simple and rapid as with an ordinary chemical 
balance. Microbalances are usually short-beam 
balances of the Bunge type, improved by the 
careful grinding and setting of the knife-edges 
and by increasing the rigidity of the beam ; they 
require little attention during years of use. 
With regard to the maintenance of the standard 
weights, see J. J. Manley, Phil. Mag. 1933, (vii), 
16, 489. A. E. Conrady has described a method 
of employing an ordinary analytical balance as a 
microbalancc, by providing a simple brake 
arrestment for the pointer ( v . Balance, The 
Conrady Method of Weighing; W. H. ,T. Vernon, 
Chcm. and Ind. 1934, 53, 211 : F. Emich, 
Abderhalden’s “ Handbuch der biologiscbcn 
Arbeitsmcthoden,” Sect. I, Pt. 3, 183). W. II. 
Kuhlmann (see C. Weygand, reference (3) in 



630 


CHEMICAL ANALYSIS. 


Bibliography) and others have constructed 
uHra-microbalances {see also E. Wiesenberger, 
Mikrochemie, 1932, 10, 10). 

In weighing apparatus with the micro- 
chemical balance, tarea are usually employed 
bo as to avoid the too frequent handling of 
standard weights and to obviate volume 
corrections. Thu3, in general, the differences 
of weight observed in analysis are read in 
milligrams and fractions from the rider-scale 
and pointer-scale of the balance. Convenient 
tares are small glass bottles containing fine 
lead shot, or suitably bent lengths of thick 
aluminium wire. These counterpoises are kept 
with the weights in the balance case, so that their 
weight is practically invariable if weighings are 
made within the same day. For diSerence 
weighings the desiderata are constant conditions 
of temperature, pressure, and humidity xnthxn 
the balance room ; only in very rare cases do 
changes in the weather cause appreciable 
errors during one day, provided that the 
balance case is not exposed to direct sunlight. 
The effect of surface occlusion of moisture on 
objects weighed is usually negligible when weight 
differences are observed, for the objects are 
brought to the tame state at each weighing by 
cleaning the surfaces and allowing the same 
degree of moisture occlusion to be attained. 
Small objects (such as silica combustion boats, 
micro crucibles, etc.) are surprisingly constant 
in weight even over periods of weeks, unless 
ignited in free flames or exposed to solvent 
action Thus, within the limits of accuracy of 


microchemistry, humidity changes have only a 
very slight eflect. Dust in the laboratory air u 
quite without eflect, since it is easily excluded 
from reagents, from objects weighed, and 
from the balance case; the filtration of air 
sometimes adopted jn microchemical laboratories 
is therefore superfluous. The precautions to be 
used in microcheroical work differ, in fact, but 
little from those in ordinary good macrochemical 
analysis. 

Determination of Carbon and Hydrogen. 
—The method of Pregl, elaborated during the 
years 1910 to 1916, is essentially a modification 
of Liebig’B combustion method. This, the most 
diffi cult and certainly the most important of 
Pregl’s methods, has probably not yet evolved to 
a final form. The substance (some 3 to 5 mg ) 
is weighed into a small boat (of platinum, 
silica, or porcelain) aDd burnt with oxjgen and 
air in a bard-glass combustion tube (about 400 
mm. long and 10 mm. wide) provided with an 
oxidising and absorbing filling; the water 
(some 1 or 2 mg.) and carbon dioxide (some 8 or 
10 mg ) are collected in glass absorption tubes 
and weighed. The filling (Pregl's “ universal 
filling ’’) for the combustion tube consists of 
silver wool (to absorb halogens), lead peroxide 
(to absorb oxides of nitrogen), a choking plug of 
compressed asbestos (to control the gas flow), 
all kept at 190° by means of a short heating 
mortar, and a mixture of lead chromate (to 
absorb sulphur, etc.), and copper oxide; the 
arrangement of the filling is shown in Fig. 1. The 
absorption tubes are of the typo shown in Fig. 2, 
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the essential feature being the terminal capil- 
laries, which ensure constancy of weight when 
the tubes remain open to air for a quarter of an 
hour. They are sealed with a vapour-free 
cement at the stoppers. The entering gases are 
purified by means of a drying tube or train; 
their pressure is controlled by means of a 
simple gauge, and their volume is measured by a 
water-dropping flask (Manotte flask) attached at 
the exit end of the absorption tubes. The 
Manotte flask also enables suction to be applied 
to the tube system. The analysis takes about 
an hour from start to finish, and uses some 
180 c.c. of gas; the volume of gas may be 
Increased but must be kept constant in a series 
of analyses. Glass to glass connections are 
made as far as possible throughout ; all rubber 
tubes used in the connections are freed from 
volatile substances, and are made non-perm cable 


by impregnation with paraffin wax. Gw 
heating of the combustion tube is usual, but 
electrical devices have been employed. It must 
be understood that numerous modifications of 
Pregl’s apparatus have been proposed or are 
in use. Pregl used calcium chloride and soda 
lime in the drying and absorption trains, but 
this necessitates frequent refilling of these 
tubes (according to Pregl, after every five or six 
analyses). More efficient modern substitutes are 
phosphorus pentoxide on glass wool, or mag- 
nesium perchlorate {“ anhydrone "), for the 
calcium chloride, and caustic soda on asbestos 
granules (“ ascante ” or " natronasbest ) 
for the soda lime; the absorption train then 
serves for at least 20 analyses and the diyuig 
train for about 100. Owing to the vspour 
pressures of the hydrates of calcium chloride, 
this substance has many disadvantages ; 
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phosphoric oxide, the best desiccating agent, 
was substituted for it by G. Kemmerer and 
L. F. Hallett in a rapid-flow apparatus for the 
microanalysis of lake deposits ( see Ind. Eng. 
Chem. 1927, 19, 173, 1352), and was later used 
by H. D. K. Drew and C. R. Porter (J.S.C.I. 
1928, 47, 17T) in the Pregl apparatus. The 
latter authors showed that the Pregl combustion 
tube after thorough desiccation absorbs w r ater 
during the combustion of a substance containing 
hydrogen and only slowly liberates it even to 
perfectly dry gas. The tube is therefore not an 
“ absolute ” tube and analyses can only be 
carried out in succession after the tube has 
attained a “ normal ” state ; this is ensured by 
first thoroughly burning out the tube and then 
performing one combustion, which is neglected. 
Thereafter, if the tube, when not in use, be kept 
efficiently sealed with a phosphorus pentoxide 
stopper-tube, successive analyses can be 
correctly carried out. For the maintenance of 
the normal state, it is essential that the cold 
tube should never be open to the atmosphere ; 
it is best, therefore, to keep the tube, when not 
in use, under a slight permanent pressure of dry 
air or oxygen. It should then remain per- 
manently in the “ normal ” state. For the 
equilibria in the apparatus, the foregoing paper 
(Drew and Porter) may be consulted, together 
with the following works : M. Boetius, “ Uber 
die Fehlerquellen bei der mikroanalytischen 
Bestimmung des Kohlen- and Wasserstoffes,” 
Verlag chemie, G.m.b.H., Berlin, 1931 ; J. 
Lindner, “ Mikro-massanalytische Bestimmung 
des Kohlenstoffes und Wasserstoffes mit grund- 
legender Behandlung der Fehlerquellen in der 
Elcmentaranalyse,” Verlag Chemie, G.m.b.H., 
Berlin, 1935. Practically all classes of organic 
substances can be estimated in the Pregl 
apparatus, including organo-metallic compounds. 
The accuracy is the same as that in the most 
efficient macro-methods. 

Methods for determining carbon in the wet 
way, using sulphuric acid and potassium di- 
chromate to effect preliminary decomposition, 
have been described [e.g. H. Lieb and H. J. 
Krainick, Mikrochemie, 1932, 10, 99). 

Determination of Nitrogen. — (1) PregVs 
Micro-Dumas Method. This method closely 
resembles the macro-method. It is valid for most 
types of substances, though difficult cases occur 
where the substance requires prolonged heating 
in order to set free all the nitrogen. The 
powdered substance (some 5 mg.) mixed with 
fine copper oxide is burnt in a stream of 
pure carbon dioxide from a Kjpp’s apparatus in 
a combustion tube, identical with that just de- 
scribed but containing coarse copper oxide and 
also a length of reduoed copper. The nitrogen 
produced (about 0-5 c.c.) is collected over 50% 
potash solution in a small azotometer. The 
reduced copper, which removes the oxygen 
from any oxides of nitrogen, is placed well 
withm the tube, so that the gas, after passing it 
l' , t0 . traverEC a l a y er of hot copper oxide 
which is becoming cooler towards the azoto- 
meter : this serves, it is supposed, to re- 
oxidise . any carbon monoxide generated by 
... friion of the hot copper upon the carbon 
iQxide (on tho effect of traces of iron or zinc 


in the reduced copper, see Cherbuliez, Helv. 
Chim. Acta, 1920, 3, 652). The analysis takes 
about an hour and the results are very accurate. 
The main theoretical weakness of the method 
lies in the fact that 2% of the volume of nitrogen 
read must be subtracted in order to compensate 
for the volume of the potash solution adhering 
to the azotometer tube, for the vapour tension 
of the potash solution, and for nitrogen occluded 
in the copper oxide. Although the correction 
cannot thus bo strictly proportional to the 
volume of gas, it appears to be sufficiently 
accurate when, as is usual, the volume is near 
0-5 c.c. This method of analysis, which is 
adaptable to the cases of liquids also, is readily 
mastered. In some cases it is possible to apply 
it in the absence of a microbalance, by making 
up a solution of the given substance (0T g.) in a 
solvent like carbon tetrachloride, mixing an 
aliquot part with copper oxide and allowing the 
solvent to evaporate ( J. B. Niederl, O. R. Trasitz 
and W. J. Saschek, Mikrochemie, Emich Fest- 
schrift, 1930, 219, 232). 

(2) The Micro- Kjeldahl Method . — Little need 
be said of this useful method, since it closely 
resembles the macro-method. It has the 
advantage over the latter that the preliminary 
decomposition with sulphuric acid to give 
ammonium sulphate usuaUy occupies a much 
shorter time, particularly if a few drops of 
hydrogen peroxide are employed at intervals in 
addition to the usual reagents. The distillation 
of the ammonia is conducted in a compact 
apparatus of the Parnas and Wagner type 



(Fig. 3) (Biochem. Z. 1921, 125, 253). The 
process Is subject to much the same disabilities 
as the macro-method, failing with certain types 
of compounds (e.g. nitro-compounds, hydrazine 
derivatives) unless preliminary reduction is 
effected. According to A. Friedrich (Z. physiol. 
Chem. 1933, 216, 68) this is most conveniently 
carried out by heating with bydriodic acid ; 
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case of this element tho nitric acid must bo 
removed by evaporation and the subsequent 
precipitation of tellurium completed in the 
prcsenco of hvdrazine hydrochloride (H. D. K. 
Drew and C‘ R. Rorter, J.C.S. 1929, 2091). 
These methods are adaptations of those used on 
the macro-scale. 

Determination of Phosphorus. — The 
available methods are similar to those used in 
macro-analysis : tho phosphorus is transformed 
to phosphoric acid by oxidation, cither in the 
wet way with nitric and sulphuric acids or by 
fusion with sodium carbonate-sodium nitrate ; 
the phosphorus is preferably determined gravi- 
metrically as ammonium phosphomolybdate, 
or it may be determined volumetrically. 

For the decomposition with acids, the sample 
is heated with about 0-5 c.c. of concentrated 
sulphuric acid containing a few drops' of con- 
centrated nitric acid, until a clear solution is 
obtained ; occasional addition of a fen' drops of 
aqueous hydrogen peroxide to the cooled vessel 
hastens tho decomposition. The decomposition 
by fusion may bo effected in a platinum vessel 
placed in a hard-glass tube heated in a slow 
current of oxygen. Precipitation of the 
ammonium phosphomolybdate is carried out 
undor standardised conditions (see R. Kuhn, 
2. physiol. Chom. 1923, 129 , 04) ; it may be 
collected upon an asbestos filter, w'ashed finally 
with acetone or ether, and dried in a vacuum. 
The weight of phosphorus is obtained from that of 
tho phosphomolybdate by multiplying by the 
factor 0-0145 (N. von Lorenz, Z. anal. Chem. 
1912, 51 , 101). The phosphomolybdate pre- 
cipitate may bo determined volumetrically by 
dissolving it in excess of dilute standard caustic 
soda, boiling off the ammonia, and determining 
tho excess of alkali in the presence of phenol- 
phtlmlein (sec Biochem. Z. 1920, 104 , 23). 

Determination of Arsenic. — This can be 
effected, according to Pregl, by preliminary 
decomposition to arsenic acid in a micro-Carius 
tube with nitric acid, followed by precipitation 
of the arsenic as magnesium ammonium 
arsenate, collection upon a micro-Neubaucr 
filter, and ignition to magnesium pyroarsenate 
Mg 2 As,0 7 . Decomposition of arsenic com- 
pounds can also be effected with sulphuric acid 
and hydrogen peroxide in an open vessel, as for 
phosphorus compounds. O. Wintersteiner 
estimates tho arsenic acid volumetrically by 
reduction with hydriodic acid and titration of the 
liberated iodino (Mikrochemie, 1926, 4, 155). 

The Micro-Determination of Metals. — 
fregl showed that, where they are unaccom- 
panied by other non-volatile constituents, many 
metals can bo determined by simple ignition 
with sulphuric acid or with nitric acid, or both, 
in a suitable boat or crucible, heated in a stream 
of air or other suitable gas maintained in a bent 
hard-glass tube (“ micro-muffle ”). This 
method is extremely useful and accurate; 
thus, the alkali and alkaline-earth metals, 
manganese, cobalt, and other metals can 
>e determined as sulphates ; copper, aluminium, 
iron, tin, and others ns oxides ; and palladium, 
platinum, and gold ns the free elements, 
jiia lysis may .sometimes be performed with less 
than 1 mg. of material. 


For separation and determination of motals, 
see Enrich (op. cit.) and, in general, Mikrochemie 
publications. Only a few typical instances will 
be mentioned here. 

(a) The classical methods of macro-analysis, 

in inorganic as well as in organic work, may, 
often readily, be adapted to tho micro-scale by 
careful attention to detail. As an example, 
the microanalysis of a mineral beryllium 
silicate, in which tho beryllium, magnesium, 
aluminium, iron, and phosphorus were deter- 
mined by A. Benedetti-Pichlor and F. Schneider 
(Mikrochemie, Emich Festschrift, 1930, 1 ) 

may bo consulted. The simultaneous micro- 
determination of platinum and potassium and 
also of iridium and potassium can also be effected 
by simple methods (H. D. K. Drew, H. J. Tress, 
and G. H. Wyatt, J.C.S. 1934, 1787); whilst 
man}- other instances may bo found in tho 
literature. 

(b) Tho quantitative separation of metals by 
special organic precipitants is often applicable 
on the micro-scale. Some examples are : the 
precipitation of copper by means of a-benzoin- 
oximo (R. Strebingor, Mikrochemie, 1923, 1, 
72) ; that of thorium by means of picrolonic acid 
(F. Hccht and W. Ehrmann, Z. anal. Chem. 
1935, 100 , 87) ; zinc by means of quinaldinic 
or anthranilic acid (P. R. Ray and M. K. 
Bose, Mikrochemie, 1935, 17 , 11 ; 18 , 89; 
C. Cimeran and P. Wenger, ibid. 1935, 18 , 53) ; 
bismuth by means of pyrogallol (R. Strobinger 
and E. Flaschner, ibid. 1927, 5, 12). 

(c) Electro-analysis (e.g., the determination of 
copper by Pregl, and that of mercury by A. 
Verdino, ibid. 1928, 6, 5) and ncphelomotry 
(e.g. for mercury by S. I. Sinjakova, Z. anal. 
Chem. 1935, 100 , 190; and for aluminium by 
P. Meunier, Compt. rend. 1934, 199 , 1250) 
are sometimes applicable on the micro-scale. 

Volumetric Work. — Pregl and others havo 
shown tho feasibility of carrying out titrations 
with very small quantities of liquids and have 
described micro-burettes with capacities ranging 
from 0-1 c.c. to 10 c.c., with deliveries ranging 
from less than 0-0001 c.c. to 0-01 c.c. (for details, 
consult Pregl’s book, and, e.g., Biochcm. J. 1925, 
19 , 270; Mikrochemie, 1933, 13 , 1). Tho 
volumetric micro-methods have been used in 
alkalimetry, acidimctry, iodimetry, and numerous 
other processes, among which the determination 
of carboxyl (Pregl) and of amino-acids (W. 
Grassman and W. Heyde, Z. physiol. Chem. 
1929, 183 , 32) may be mentioned. Some of tho 
volumetric processes have already been referred 
to in the foregoing sections. 

Determination of Special Groupings in 
Organic Compounds. — The Zeisel method for 
the estimation of alkoxyl groups, particularly 
methoxyl, is readily reduced to tho micro-scale, 
with a great improvement in accuracy and 
rapidity ; in addition, only about 2 c.c. of 
hydriodic acid is required for a determination. 
The gas is washed by a suspension of red phos- 
phorus in water ; or, better, by aqueous sodium 
thiosulphate containing cadmium sulphate (see 
Z. physiol. Chem. 1927, 1 63). Pregl has described 
elegant apparatus for tho purpose (Fig. 5) in 
which tho decomposition vessel and the washing 
chamber are scaled together ; gravimetric or 
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volumetric determination of the evolved alkyl 
iodide may be made (ice Fregl’a work, and also 
Monatsh. 1915, 36, 853). Glycerol can be 
determined as iso-propyl iodide. Methoxyl 
and ethoxy 1 can be determined simultaneously 
(Z. physiol. Cbem. 1923, 127, 190). It should 
be noted that the estimation of methoxyl 
sometimes fails in the presence of sulphur; 
but certain aromatic snl phonic acids have been 
found to give correct values 
Melhylimtno Groups can be estimated by a 
method worked out by Prcgl and his pupils, 
which is essentially similar to the foregoing 
process but is conducted more vigorously. 
Acetyl and benzoyl groupings can also be deter- 
mined. By measured saturation with hy drogen. 
It. Kuhn and others have determined double 
bonds present in organic compounds {e.g. 
Angew . Chcm. 1934, 47, 145, J. pr. Chem. 
1935, [ii] 143, 3). For the determination of 



todint i-alues, see J Boesehen and P. Pols, 
Rec. trav. chim. 1935, 54, 162. 

Physical Determinations. — Many micro- 
methods for physical determinations have been 
described, of w hich only a few examples will be 
given. The boiling-point of a solid or liquid, 
up to about 250 s , can be determined with an 
accuracy of 1° using as little as 2-5 mg. of the 
substance, according to H. Roth (he., p. 225). 
F. Emich describes methods for fractionating 
mixtures of a few drops of each of two liquids 
and determining the boiling points. Deter- 
minations of density, optical rotatory power, and 
molecular weight can be made on 10 mg. or less 
of substance. For the determination of mole- 
cular weight, the Rast and the Barger method 
has been employ ed ; but the most important 
method is that of F. Pregl and H. Lieb, which 
makes use of a micro ebulLoscopic apparatus 
of the Beckmann type, in which 1*5 c.c. of solvent 
is heated by means of a micro-burner ; this 


method and also the electrical method of boOins 
small quantities of solvents are subject to soma 
uncertainty owing to the difficulty of eliminating 
superheating effects. ” ' 

Concluding Remarks. — The work on micro- 
chemical analysis during the past 25 years has 
shown that a large number of the standard 
methods of analysis can be carried out with 
equal accuracy, and with greater ease and ele- 
gance, on the mg. scale; and, in fact, there is 
little reason to anticipate that any of them is 
incapable of such transformation. The ten- 
dency in the future w ill doubtless bo in the direc- 
tion of a still further reduction of scale, into 
the region where the accurate analysis of very 
minute particles of matter may be expected to 
afford invaluable information to the biologist. 
Here, however, it may he predicted with 
some confidence that far greater changes of 
technique will be necessary, for it is probable 
that some of those fluctuations (for example 
the humidity effect) which are of secondary 
importance in micro-chemical measurements 
may become prime considerations in the sub- 
microchemical region. 

Bibliography — (1) F. Pregl, “ Quantitative 
Organic Mieroanalysu ” (transl by E. Fjleraan), 
J. & A. Churchill, London, 1924 ; (2) a further 
edition of the foregoing H. Roth, “ Quantita- 
tive Organic Microanalysis of Fritz Pregl” 
(transl by E. B. Daw), J. A A Churchill, 
London, 1937 ; (3) C. Weygand, “Quantitative 
analytische Mikromethoden der Organischen 
Cbemie,” Akad. Verlags Gesellschaft m b.H. 
Leipzig, 1931 ; (4) A. Friedrich, “ Die Praxis 
der quantitativen organischen Mikroanalyse," 
Franz Deuticke, Leipzig, 1933; (5) F. Emich, 
“ Lehrbuch der Mikrochemie,” 1926, and 
“ Mikroehemisches Praktikum,” 1931, J. F. 
Bergmann, Munich; (6) G. Klein and R. 
Strebinger, “ Fortschritte der Mikrochemie tn 
lhren verschiedencn Anwendungsgebieten,” 
1927, F. Deuticke, Leipzig. H. D. K. D. 

VOLUMETRIC ANALYSIS. 

In this type of analysis the proportion of sn 
yag«d«iat vt found not by weighing the sub- 
stance or a derivative, but by determining the 
volume of a. solution of known concentration 
required to complete some particular reaction, 
such as neutralisation, oxidation, or precipita- 
tion. This completion is usually indicated by a 
change of colour, by the coloration of a colour- 
less solution, or by the formation of a permanent 
precipitate. In many cases a third substance 
is added in order to make such changes readily 
detectable, and this is called an indicator. 
It is an internal indicator if it is added to the 
liquid being titrated, or an external indicator it 
drops of this liquid are withdrawn and brought 
into contact v ith it. The use of the latter typo 
of indicator, being somewhat tedious, is avoided 
if possible. 

Only those reactions can be used for volu- 
metric purposes which are rapid, simple, and 
definite, with no possibility of side-reactions. 
Moreover, the reaction should proceed quantita- 
tively at any ordinary concentration. The re- 
action used to denote the end-point should 
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be rapid, decisive and sensitive, so that the 
minimum excess of the reagent should suffice to 
cause it. 

For volumetric processes it is necessary to 
have accurately graduated flasks, pipettes and 
burettes. The flasks should be fitted with well- 
ground stoppers, and should have relatively 
long and narrow necks, the graduation being 
below the middle of the neck in order to afford 
sufficient free space for efficient shaking. Flasks 
graduated to contain various volumes are 
obtainable, those of 2,000, 1,000, 500, 250, 200, 
and 100 c.c. being the commonest ; these bear 
the letter C near the graduation mark; but 
occasionally one requires a flask to deliver a 
specified volume, and these bear the letter D. 
Those of the latter type are calibrated so that 
the exact volume is delivered if 30 seconds’ 
drainage is allowed after the continuous flow has 
ceased. 

A pipette is usually a cylindrical bulb terminat- 
ing at each end in a tube, the lower of which is 
drawn out to a jet. Tlieflowof liquidis adjusted 
br stopped by the pressure of a finger on the top. 
Pipettes are almost always calibrated for 
delivery; the usual type has only one mark 
corresponding to a definite volume, but pipettes 
are also used which consist of a long uniform 
length of tube calibrated throughout most of its 
length, one end being drawn out to a jet. 

A burette is a long tube of uniform bore, 
12-15 mm. wide, graduated in cubic centimetres 
(c.c.) and tenths. The commonest capacity is 
50 c.c. The tube is open at the top, hut at the 
lower end it is constricted and attached to a tap. 
The latter may be prevented from sticking by a 
trace of vaseline, and from slipping out by a thin 
rubber band passing over it and round the 
burette tube. If hot liquids are to be titrated 
it is advisable, in order to avoid heating the 
burette and its contents, to use a burette of which 
the part carrying the stopcock is bent twice at 
right angles, so that the main part is not directly 
over the hot liquid. 

When a burette is in use it should be kept 
vertical, and a test-tube inverted over the top is a 
useful device to prevent access of dust. Burettes, 
and all other graduated vessels, should be kept 
tree from grease by frequent treatment with 
cold chromic acid solution in fairly concentrated 
sulphuric or nitric acid, which is allowed to 
stand in them overnight. 

Standard solutions should be kept in well- 
stoppered bottles in a cool place and protected 
from direct sunlight. When many determina- 
tions of the same kind have to be made, it is 
convenient to keep the reservoir of standard 
solution attached to the burette to facilitate 
, filling. A glass T-piece is introduced 
between the graduated part of the burette and 
he tap, and is attached by a rubber tube to 
a tubulus at the bottom of the reservoir which 
contains the standard solution and stands on a 
shelf above the burette. The top of the reservoir 
should be fitted with a cork carrying a guard 
ube containing soda lime or other protective 
substance. The flow of liquid into the burette is 
regulated by a screw clip or pinchcock on the 
■ Jibber lube. If the liquid acts upon rubber 
lese connections must be constructed of glass 


and furnished with a tap. Burettes may be 
obtained fitted with three-way taps, so that 
they can be filled from the bottom by attach- 
ment to the reservoir, the tap connecting the 
burette either with the supply or with the out- 
flow as required. This method has the advan- 
tage of avoiding the formation of air bubbles. 
A convenient method of fillin g from the bottom 
in the absence of a three-way tap is described in 
Chem. News, 1906, 93, 71. 

If the standard solution alters on exposure to 
air, the surface of the liquid may he covered with 
a layer of purified high-boiling paraffin, or the 
guard tube mentioned above may contain a 
suitable protective substance. Alternatively, 
the upper part of the stock bottle may be filled 
with carbon dioxide, and the top connected 
to a generator for the gas. When the solution 
is withdrawn the gas enters. If the nature of 
the solution permits, coal gas may be used in 
place of carbon dioxide. 

Graduation of the Instruments . — Accurate 
calibration of the measuring vessels is essential 
if correct results are to be obtained, and all the 
instruments should be cheeked before being 
taken into use. Although it is sufficient for 
most purposes if the relative volumes of the 
vessels are correct, they should nevertheless 
be graduated in true cubic centimetres or 
millilitres (the difference of 28 parts per million 
is immaterial for most purposes). If the 
calibration is performed at a temperature of 
15°-20°C., variations from the true volume 
resulting from the expansion of the glass aro so 
small for the normal temperature changes of the 
laboratory that they may be neglected. The 
standard temperature for calibration in Great 
Britain is 15°C., but it is proposed to alter 
this to 20°C., which is the temperature employed 
in Europe and America and is more convenient 
in several respectB. 

The vessels are checked by ascertaining the 
weight of distilled water at a known temperature 
which they will contain or deliver, as the case 
may be. A large beaker of distilled water is 
boiled, rapidly cooled, and left in the balance 
room until it has attained temperature equili- 
brium. The vessels to be calibrated are 
thoroughly cleansed by successive treatments 
with concentrated potassium hydroxide, dis- 
tilled water, and a warm concentrated solution 
of chromic acid in fairly strong sulphuric acid, 
and then rinsed well with distilled water. The 
flasks are then dried, and a narrow strip of paper 
is attached vertically to the neck of the flask 
above and below the mark ; the flask is then 
placed on one pan of a large balance sensitive to 
about 10 mg. in the case of a litre flask or 
correspondingly less for smaller flasks, and 
counterpoised. Weights corresponding to the 
correct weight of water at the temperature con- 
cerned (see below) are then placed in the other 
pan, the flask is filled nearly to the mark with 
water, and water is added drop by drop until the 
balance is in equilibrium. Any water adhering 
to the inside of the neck of the flask is removed 
with filter paper. If the level of the water does 
not agree with the maker’s mark, a pencil mark 
is made level with the lower edge of the meniscus, 
the glass above and below is thinly coated with 
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an even film of wax, and a horizontal ring is 
scratched through by means of a needle precisely 
level with the pencil mark. The ring is then 
covered with a strip of filter paper moistened 
with hydrofluoric acid, and after a few minutes 
the acid is washed off and the wax removed, 
leaving the etched ring. 

Certain corrections which have to be applied, 
namely, those for the weight of air displaced 
by the brass weights and the liquid and the 
reduction of the volume to true cubic centi- 
metres at 4°C., are allowed for in the following 
table, where x is the quantity which has to be 
subtracted from 1,000 to obtain the apparent 
weight in air {brass weights being used) of 1,000 
e.c. of water at t°C. For example, at 18°C. 
the apparent weight of 1,000 e.c. is 1,000—2 43 
=997 57 g. 


1 13 
1-09 
107 
106 
107 
109 
M3 
1-18 
1-25 
1-33 
1-43 
153 
165 
1-78 
1-93 


2 62 
2 82 
3 03 
3 2G 
3-49 
3 73 

3 98 

4 24 
4 52 

4 80 

5 08 
5 38 


Flasks of other denominations arc graduated 
similarly, tho correction being proportional. 
Flasks marked for “ delivery ” aro similarly 
calibrated ; the water is emptied by slowly and 
carefully tilting the flask until it is empty, 
draining it for 30 seconds, and touching tho lip 
against a wet glass surface. 

In calibrating a pipette, and also in its use, it 
essential to adhere to a standard procedure for 
emptying it: it should be held vertically with its 
point just touching tho side of the receiving 
vessel, and allowed to drain for 15 seconds after 
the continuous flow has ceased. The last drop 
should on no account be blown out. Tho 
calibration is checked by filling the pipette to 
the mark with water at a known temperature, 
and delivering the contents into a stoppered, 
tared flask, which is re-weighed. From the mean 
weight of water thus obtained from several 
determinations, the true volume is calculated 
by means of tho above table. If the error is 
considerable, a new mark must be made by 
finding the true volume corresponding to each 
of a series of pencilled marks made on a strip of 
paper, affixed as abov e, until the correct position 
is found, and then etching a mark. 

The burette is most accurately calibrated by a 
succession of weighings of the water delivered at 


intervals of a few cubic centimetres, the burette 
being read between each, and corrections being 
applied to the weights ns above. A simpler 
method, which is not approved by the National 
Physical Laboratory, is by use of a small pipette 
dev^ed for this purpose by Ostwald. This should 
hav e a capacity of about 2 c.c , and is attached to 
the burette as indicated in Fig. 1. The burette 
and pipette are filled with water to the zero 
mark and to the mark a respectively, care being 
taken that no air bubbles are left in the tubes. 
The clip I, or the tap of the burette, is opened, 
and water allowed to run from tho burette into 
the pipette till the level 6 is reached. The read- 
ing is then noted, and the pipette emptied to 
the mark a by opening clip II (or, letter, a 
tap in the same place to avoid the use of rubber 
tubing). These operations are repeated until 
the burette reading is about 50 c.c. Suppose, for 
example, that after 24 fillings the burette reading 
is 49 49 c.c. The burette 
js now refilled, and exact! v 
this volume of distilled 
water is run out into a 
tared flask, with all the 
precautions used in an 
actual titration, and 
weighed. From the above 
table the tnie volume of 
this water is calculated. 

Suppose this to be 49-44 
c.c. Then the volume of 
the calibrating pipette 
must be 49 44/24 = 2 000 
c.c. The differences 
between the successive 
burette readings and the 
numbers 2 06, 4-12, 6 18 
. . . give the burette errors 
at these intervals, and a 
curve may be constructed 1 
to show these errors with 
their appropriate sign3. 

In the foregoing example, 
the error at 49 49 c.c. is 
obviously —0 05 c.c. 

For another method of 
calibrating pipettes, see 
Morse and Blalock (Anier. 

Chem. J. 1894, 16, 479). 

The burettes described in the section on Oas 
Analysis may bo calibrated in a similar manner, 
mercury being used instead of water. 

Standard Solutions . — These form the basis of 
all volumetric work, and great care is necessary 
in their preparation. When a solution is used 
only for the determination of one substance, it 
may be convenient to adjust its strength so that 
each c.c. is exactly equivalent to a round 
quantity, say 1 mg., of that substance; but 
for ordinary purposes it is preferable to use 
solutions made up on the normal basis. A 
normal solution contains in one litre the equi- 
valent in gram3 of the active substance; for 
example, a normal solution of sulphuric acid 
contains 49 03 g. of the actual acid per litre. 
Solutions of lower concentration, such as dect- 
normal or cenlinomuil, contain respectively one- 
tenth or one hundredth of an -equiv alent per 
litre, a deunormal solution of potassium 
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permanganate containing 0-8 g. of active oxygen 
per litre. 

A standard solution is usually made up 
approximately and then standardised against a 
weighed amount of some pure substance. It is 
usually made slightly too concentrated so that 
it can be accurately adjusted by dilution after 
standardisation, but if it is too weak or if the 
dilution is not favoured it is better to use a 
factor by which readings must be multiplied in 
order to convert them into equivalent readings 
of a normal or decinormal solution. For 
example, if 1 c.c. of potassium permanganate is 
found to be capable of oxidising 0-005630 g. of 
iron, ns against 0-005584 g. for a decinormal 
solution, then the factor is 0-005630/0-005584= 
1-008, and when using it to determine a sub- 
stance of equivalent x, each c.c. of this perman- 
ganate will oxidise l-008x/10,000 g. of the 
substance. When only, say, 2 litres of a solution 
are required and the pure reagent is available, 
the exact quantity may be weighed out, 
dissolved, and diluted to the required volume. 
Solutions of silver nitrate and potassium di- 
chromate, for example, may thus be prepared. 

Measurements . — In using pipettes or burettes, 
these must first be rinsed with distilled water 
and well drained, and then the operation 
repeated with a small quantity of the required 
solution and again drained, this portion of the 
solution being rejected. 

The correct reading of the level of a liquid in a 
burette or pipette requires certain precautions. 
First, the instrument must be held vertically. 
Secondly, since ordinary liquids form a concave 
surface or meniscus, the reading should always be 
taken from the lowest point of this curve 
unless the liquid is very dark, and in this case 
tho upper line of the surface must be taken. 
Thirdly, the meniscus must be properly illumin- 
ated, and must be on a level with the eye in 
order to avoid parallax. Tho best method of 
avoiding this error is by tho use of a burette 
having the graduation marks at each cubic 
centimetre carried right round the tube, and 
those at each intervening half cubic centimetre 
half way round, as required by the National 
Physical Laboratory. In absence -of such a 
burette, recourse may be had to Mohr’s device 
of a piece of card one half of which is black and 
the other half, white. This is attached to the 
burette by an indiarubber ring, and is adjusted 
so that tho horizontal edge of the black half, 
which is the lower, is not more than 3 mm. below 
the meniscus. The lower edge of the curve then 
nppears black against the white background. 
If the card is too low the reading will be slightly 
too high. Some burettes are provided at the 
back with a dark vertical line on a milk-glass 
background. When the eye is on a level with 
the bottom of the meniscus, the dark line appears 
to be drawn out to two fine points which just 
touch one another ; such markings, however, are 
not accepted by the National Physical Labora- 
tory fo r Glass A burettes. By means of these 
devices accurate readings may easily be made 
without using a burette float, thus avoiding some 

disadvantages. 

In addition to the errors common to all 
analytical processes, another error arises in 


volumetric analysis owing to the variations in the 
concentrations of solutions due to changes of 
temperature, a change of 5°C. making a 
difference of 0-1% in the case of Njl 0 solutions 
and still more in more concentrated solutions, 
especially those of acids and alkalis. Tho 
coefficients of expansion of certain standard 
solutions were determined by Schlosser, and 
corrections calculated from his results are 
tabulated for some liquids on p. 643. 

Errors of the last type can be eliminated by 
weighing the solutions instead of measuring 
them. The liquid is contained in a “ weight 
burette,” a light glass bottle with a long jot- 
like neck and a tubulus at the shoulder which 
can be closed by the finger, thereby regulating 
the flow of liquid. The difference in the weight 
of the vessel before and after the titration gives 
the quantity of reagent used ; a convenient 
weight burette devised by C. A. Kraus is des- 
cribed by Washburn (J. Amer. Chem. Soc. 
1908, 30, 31). 

Volumetric methods may be broadly classified 
as : I. Methods of Saturation, i.e. Mohr’s term for 
what is now called Neutralisation ; II. Methods 
of Oxidation and Reduction ; III. Methods of 
Precipitation. Methods of Class I are dealt with 
in the following section on Acidimetry and 
Alkalimetry, and those of the other two classes 
are dealt with later. 

Acidimetry and Alkalimetry. 

This type of volumetric analysis is of great 
technical importance. It is true that in pure 
aqueous solution the amount of acid or alkali can 
be determined by finding the specific gravity of 
the solution and referring to an appropriate 
table, and gravimetric methods are also usually 
available, but volumetric methods are often 
to be preferred on account of speed, and with 
care they may be made very accurate. In these 
operations the amount of acid or alkali is 
calculated from the volume of standard alkali 
or acid, respectively, required for neutralisa- 
tion, the exact point of equivalence being 
determined by addition of a small quantity of an 
indicator. 

Indicators. 

Although until 1877 only natural colouring 
matters were available as indicators, these were 
gradually supplemented by synthetic indicators, 
e.g. methyl orange and phenolphthalein ; and 
these have now been produced in such .variety 
that, except for a few special purposes, the 
naturally occurring indicators are obsolete. In 
particular, indicators of the sulphonophthalein 
type are of great value for their brilliance and 
sharp colour change ; one or other is available 
for almost any requirement, and they aro 
strongly recommended. 

In accordance with the ionic theory of solu- 
tions, acids may be divided roughly into two 
classes, “ strong ” and “ weak,” according as they 
are completely or only partly ionised in dilute 
aqueous solution. In the former case, the 
acid HM may be regarded as existing entirely 
in the form of the positive and negative ions, 
H' and M' respectively; in the latter case, an 
equilibrium is set up between the ions and the 
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undissociated molecules: H'+MVHM, bo 
one has an equation 

where the symbols in brackets denote concentra- 
tions (g [l ) of the respective ionic or molecular 
species, and K a is a constant called the “dissocia- 
tion constant.” Most weak acids are so feebly 
ionised that [HM] may usually without 
appreciable error be equated to the total con- 
centration of the acid. Similar considerations 
apply, mutal i« mutandis, to bases, bo that 
[B - ][OH']=A’ - (,[BOH] represents the ionisa- 
tion of a weak base. 

The water in all aqueous solutions is also very 
feebly ionised, H'+OHVH.O, so that 
[H‘j[0H*]=Jt(H,O), but as the term [H,0] 
is always relatively very large and practically 
constant in dilute aqueous solutions, it is 
usual to replace the right hand aide of the 
equation by a term which is nearly equal to 
I0~ t4 at oid inary temperatures. Hence 
[H ][OH']= K W Z 10~ u , 
and in any aqueous solution this relation must 
always obtain between the concentrations of 
these two ions. (For simplicity, we ignore 
factors, such aa salt effects, activities, the exist- 
ence of H ‘ as H s O\ etc.) 

It had long been realised that the total 
concentration of an acid in aqueous solution 
did not afford a satisfactory criterion of the 
“ acidity ” of the solution, as judged, for example, 
by ita solvent power or its catalytic effect. For 
instance, normal solutions of hydrochloric acid 
or acetic acid both neutralise the same volume 
of caustic alkali when titrated with phenol- 
phthalein as indicator, yet the “ acidity ” of the 
former is greater than that of the latter by all 
ordinary standards. These apparent anomabes 
were seen to be largely accounted for by the 
Arrhenius theory of electrolytic dissociation 
(1837), for nearly all the hydrochloric acid is 
present ns its ions, whereas only a small propor- 
tion of the acetic acid is thus ionised, the 
remainder of its acidic hydrogen becoming 
available aa ions only on demand of the titrating 
alkali owing to the continuous displacement 
of the equilibrium H CjHjO, C a H a O a '+H‘ 
towards the nght as the existing hydrogen ions 
react. It is found, in fact, that a 0 1 N- solution 
of acetic acid is only 1-35% ionised, so that 
[H’]*=0 00135, and it is now known that 0 IN- 
hydrochlonc acid is virtually completely 
ionised, so that [H’]*=0 1. 

p B Convention . — It is often inconvenient to 
express very small hydrogen-ion concentrations 
aa decimals, so Sorensen introduced the function 
j» H , defined as the logarithm of the reciprocal 
(to the base 10) of the concentration ; hence 
p B =— login [H‘], and the convenience of this 
function becomes more apparent when we 
plot the change of [H‘] during the course of a 
titration of an acid by an alkali. Moreover, 
since 10~ 14 , we have in pure water 

or in a perfectly neutral solution, 
[H*3=(OH']=10" T , 
or p„=-7 (and similarly Poh=7). 

Hydeo lysis. — I t is well known that aqueous 
solutions of salts of strong bases and weak acids 


react alkaline to many indicators. This is 
owing to “ hydrolysis ” by the water; for 
instance, sodium acetate is partly hydrolysed 
to sodium hydroxide and acetic acid, and as the 
former is completely ionised, and the latter 
only partly so, the O H' ion3 predominate over 
H" ions, and hence when acid and base are 
present in exactly equivalent proportions, the 
solution is not neutral in the sense that 
[H ] = [OH']=10 -7 or p n =po„= 7; in fact, 
p a =8 9 for a (M A r solution of the salt. These 
remarks are illustrated in the scheme : 
NaC,H,0,+ H,O^NaOH+ HC 2 H,0, 

* 11 

Na'-f-OH' HjhCjHjO,' 
Complete. Tattlal 

Hence, m titrating acetic acid by alkali, one 
requires an indicator which is sensitive on the 
alkaline side of neutrality, and that is why 
phenolphthalem (useful range of p a = 8 3-10) 
is suitable, but methyl orange (range 2 9-1 5) 
is useless. Similar considerations show that 
a weak base, on titration by a strong acid, 
requires an indicator changing on the acid side; 
e.g. 0-liV- ammonia shows a p n of 5-1 when it 
has been treated with its exact equivalent of 
(».e. has been “ neutralised ” by) 0 IN- hydro- 
chloric acid, and so methyl red (range 4-2-6 3), 
but not pbenolphthalein (8 3-10), is suitable. 

All indicators in ordinaiy use are either weak 
acids or weak bases, which undergo a change in 
colour (owing to a change in molecular structure) 
on salt formation. Owing to the equilibrium 
involved between the two structural forms, these 
indicators cannot be treated as if they bad a 
simple dissociation constant; nevertheless, 
each shows its colour change within a well- 
defined range of p H , and a knowledge of this 
range is of great assistance in the choice of an 
indicator {see table on p. 640). 

If we attempted to picture the course of 
neutralisation of, say, 10 c.c. of 0 IN- hydro- 
chloric acid by 0 IN- sodium hydroxide by 
plotting the concentration of hydrogen ions as 
ordinates against the volume of added alkali as 
abscissae, we should’ obtain a curve wfiicA Im 
almost linearly to the point corresponding to 
neutrality ([H ] being negligibly small at 
NaOH = 10 e.c.) and then continued along the 
zero line (axis of absciss®) for excess additions 
of alkali. This, however, would tell us nothing 
about the state of affairs at the neutral point, 
and it is precisely here that it is moat important 
to have information, particularly if either the 
acid or base being titrated is weak. Herein lies 
the great advantage of the p E convention, for by 
ita aid we can follow the course of the titration 
equally clearly throughout. 

Characteristic curves for various types of 
titration are shown in Fig. 2, in which p u instead 
of [H‘] is plotted against the volume of alkali 
added. The significant feature of these curves 
is that, unless both acid and base are weak or 
one of them is very weak, there is a well-marked 
vertical portion at the point corresponding to the 
addition of an exact equivalent of alkali ; « 
this point, therefore, a small addition of alksli 
produces a relatively large alteration of pa BDd 
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so would most readily cause colour change in an 
indicator. Further, the middle point of the 
vertical portion is below p^fl (i.e. on the acid aide) 
for the case of a weak base and a strong acid 
(c/. ammonia and hydrochloric acid, above), 
and above p B 7 (i.e. on the alkaline side) for the 
converse case. Moreover, a weak base and a 
weak acid show only a slight inflection at the 
point of equivalence, 1 so that it requires 
comparatively large additions of the base to 
produce a significant change in p R , i.e. to produce 
colour change in an indicator ; and similarly, a 
very weak acid (or base) gives only a very feeble 
inflection, so that in both these cases indicators 
are not capable of accurately denoting the 
end-point. 



c.c. of alkali added 
ElG. 2. 

Selection of Indicators. — The foregoing 
discussion, and deductions on similar lines, 
enable one to formulate rules for the choice of 
indicators, which may be briefly stated as follows 
(the converse titration being implied equally in 
cases i-iv) : 

(i) Titration of strong base by strong acid : 
any indicator of range between 3 and 10 pro- 
vided the solution is not too dilute ; as the 
solution becomes increasingly more dilute than 
O’LY., the indicator should have a range pro- 
gressively nearer 6-8. 

(ii) Titration of strong base by weak acid : 
an indicator of range above p B 7, and the 
higher the weaker the acid, but see (v). 

(iii) Titration of weak base by strong acid : 
an indicator of range below p H 7, decreasing with 
decreasing strength of base ; but see (v). 

(iv) Titration of weak base by weak acid : 
this should bo avoided if possible, as it can only 
be made accurate under special conditions. 

(v) Titration of extremely weak acids or bases : 
this also requires special conditions ; e.g. boric 
®cid, phenol, or hydrocyanic acid gives salts 
which are so extensively hydrolysed that only 
indicators of an appropriately high (or low, for 

. \P'' 3 point Is not, In general, at pa 7 ; It happens 
50 jn the curve in the figure, because this is 
lr Q the case of acetic acid and ammonia, which 
we ol approximately equal strength (i.e. A’n_ kb). 


bases) and narrow range give any approach to 
an accurate titration ( see under Tropmolin 0, 
p. 641). 

Effect of Carbon Dioxide. — A factor which 
militates against the use of indicators of range 
above about 5-5 is that they are affected by 
carbon dioxide. In the presence of this gas or 
of carbonates, etc., it iB therefore necessary either 
to use an indicator of range below that of methyl 
red (which is not appreciably' affected by traces 
of carbon dioxide) or to boil off the gas while the 
titrated solution is still slightly acidic. For this 
reason, if the titration is being done by an acid 
in such circumstances, it is better to add an 
excess of the acid, boil the liquid, cool it, and 
back-titrate the excess of acid. 

Other weak acids, e.g. hydrogen sulphide, 
cause similar complications. 

Individual Indicators. — In the table on 
p. 640 are summarised the characteristics of 
selected indicators. Those of the sulphone- 
phthalein type, given first, should be used in 
preference to others, for the reasons given on 

р. 637. These are followed by other synthetic 
indicators, and finally by natural colouring 
matters and substances of ill-defined constitu- 
tion, which usually have neither such sharp 
colour changes nor such narrow ranges. Although 
indicators of the last class are practically' 
obsolete, some of them (e.g. phenacetolin) 
serve a useful purpose in the hands of chemists 
who have had long experience with them. 

In addition to those tabulated, an indicator 
which has been recently introduced (Wenker, 
Ind. Eng. Chem. 1934, 26, 350) promises to be 
of great utility: “ nitrazine yellow” (2':4'- 
dinitrobenzeneazo - a - naphthol-3:6-disulphonic 
acid) has a veiy sharp colour change near the 
theoretical neutrality (yellow-> blue at p B 6-4- 
6 - 8 ). 

For further information upon indicators and 
their use, see Prideaux, “ The Theory of 
Indicators,” 1917 ; Kolthoff and Furman, 
“ Indicators,” 1926 ; idem, “ Volumetric 
Analysis,” 1929; Sutton’s “Volumetric 
Analysis,” 1935; Walpole, Biocliem. J. 1914, 8, 
628. 

Preparation, etc., of Indicators. — The 
sulphonephthalein indicators are usually em- 
ployed in about 0-1% alcoholic solution, and a 
few drops usually suffice for the titration of 100 

с. c. of liquid. Details for other indicators 
follow in alphabetical order. 

Cochineal. — The essential colouring matter 
of the dried female insect Coccus cacti Linn, 
is carminic acid; 3 g. of the substance (not 
pulverised) are extracted with 250 c.c. of 30% 
alcohol, and the clear liquid decanted. This 
indicator is of use in titrating ammonia, and 
is scarcely affected by carbon dioxide; the 
colour change is well defined even in artificial 
light. Cochineal is useless for titrating organic 
or other weak acids, and salts which are easily 
hydrolysed (e.g. those of iron, aluminium or 
copper) must be absent. 

Congo Red. — A 1% solution in 30% alcohol is 
used, and one drop suffices for the titration of 
20 c.c. of liquid. It is useful for the titration of 
alkaloids. 

Iodoeosin (Tetraiodofluorescein, Eiythrosin 
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Table of Indicators. 




Thymol blue 

Cresolred. 

Phenol red 
Bromothymol blue 
Bromocresol purple . 
Bromocresol green . 
Bromophenol blue . . . 

Tropjeobn 0 (resorcin yellow) 

Thymolphthalein 

Phenolphthalem 

p-Nitropbenol 

Methyl red 

Congo red 

Methyl orange 

Roaolie acid . 

Litmus (purified) 

Cochineal 
Lacmoid . 

| Phcnacetohn 


B) — This is not an indicator in the ordinary 
sense, but was introduced by My tins and Forster 
(Ber. 1891, 24, 1482) primarily for detecting 
extremely minute traces of alkali , 0 5 g of the 
sodium derivative is dissolved m 1 litre of water, 
and 2 5 c c are added to the liquid to be 
tested together with 5 c c. of chloroform or 
ether. The mixture is vigorously shaken during 
a test; in alkaline solution the aqueous layer is 
rose red, but in acid solution the aqueous solution 
is colourless and the organic layer assumes a 
yellowish tint. With this indicator A'/lOO or 
even A’/l.OOO solutions can be titrated, it is 
unaffected by carbon dioxide, ond phosphoric 
acid can be titrated as a monobasic neid. It is 
nv ailable for the titration of feeble bases such as 
the alkaloids 

Lacmoid (Resorcin Blue) — This substance 
owes its distinctive properties to lacmosol, which 
can be isolated from the commercial product and 
purified, this pure product being superior to the 
ordinary material. A 0 3% alcoholic solution is 
employed, but a better colour change is obtained 
if 5 g. of naphthol green are dissofv ed in a htre of 
this solution. Although the colour changes 
reseluble those of litmus, the indicator bears a 
closer resemblance to methyl red. It is only 
slightly' affected by rarbon dioxide, although 
direct titration of carbonates is not satisfactory 
in cold solution ; it is useless for organic acids. 

Litmus — This occurs m commerce in the form 
of small cubes mixed with a large proportion of 
calcium carbonate. An aqueous extract of this 
substance contains free alkali and also a variable 
proportion of colouring matters which vitiate 
the delicacy of the reaction, and it is better to 
use the specially prepared solutions which are 
available commercially; they must be kept in 
vessels to which the air has free access, for if 
kept in closed vessels they undergo fermentation 
and become decolorised. The colour of the 


pa Range. 

Colour i lunge: acld-»alKali. 

8 0-9 6 

Yellow-*- b)ue{redatp H l ; yellow 
atp„3). 

7-2-8 8 

Y ellow -* v iolet red 

6 8-8 4 

Yellow -*rid. 

6 0-7 6 

Yellow-* blue. 

5 2-6 8 

Yellow-* violet. 

3-6-5 2 

Yellow-* blue. 

2 8-4 6 

Yellow-* violet. 

11-1-127 

Yellow-* orange. 

9 3-10 5 

Colourless-* blue. 

8 3-10 0 

Colourless-* red. 

6 0-7 0 

Colourless-* yellow . 

4-2-6 3 

Red-* yellow. 

3 0-5 0 

^ iolet-* reddish orange. 

2 9-4-5 

Orange-red-* orange-yellow. 

6 9-8 0 

Yellow-* red. 

5 0-8 0 

Red-* blue. 

4 8-6 2 

Yellow-* blac 

4 0-6 2 

Orange red-* v iolet. 

3-6 

Yellow-* pink-* pale yellow (net 


P b41). 


solution should be purple, it is affected L\ 
carbon dioxide, sulphur dioxide, and hydrogen 
sulphide 

The colour change is rendered more delicate 
by conducting the titration in monochromatic 
sodium light the red solution then seems colour- 
less, and the blue solution almost black. Litmus 
is not well adapted for use in ordinary artificial 
light. 

Methyl Orange (Helianthin, Poirrier’s Orange 
III). — This substance, prepared by diazotising 
sulphanihc acid and coupling it with dimethyl- 
aniline, was introduced as an indicator by Lunge 
in 1878. 1 g. of the pure sodium salt or free 
acid is dissolved in one hire of water, and one 
or two drops of this solution ure used in each 
titration ; the colour change is sharper if the 
solution is only extremely faintly coloured. The 
great advantage of methyl orange lies in the fact 
that it is unaffected by’ very weak acids, so that, 
for example, carbonates, borates, and suiphulis 
may be titrated even in cold solution as if they 
were the free base. It is necessary to use this 
indicator in the cold, since its changes are not 
sharp in hot solution. Also, since it is not so 
sensitive as many indicators, the solution to he 
titrated should pieferably not bo more dilute 
than A'/.>. With N/10 solutions, especially 
when carbonates are being titrated there is a 
distinct brownish tiansition tint, and result* 
may be uncertain to within about U 05 e.». 
Methyl orange must not be used in tho prcsince 
of nitrous arid, which destroys it. 

Hickman and Linstead (J C S. 1922, 121. 
2302) found that the colour change could 
be made sharper, and also more readily visible 
in artificial light, by adding xylene cyancl rr 
(1-4 g. to 1 g. of methyl otnngc in 500 c.e. 
50% alcohol), which aits ns a “screen.” 
colour change is tlun magenta-* grey (utpu J 
-» green. 
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Methyl Red. — This indicator, analogous to 
methyl orange but with anthranilic acid replacing 
sulpha nilic acid, was introduced by Hupp and 
Loose in 1908. A 0-2% alcoholic solution is 
employed, two drops ■ being used in each titra- 
tion. The colour change is very pronounced, 
and weak bases may be titrated in N/ 100 solu- 
tion. Sodium hydroxide solutions containing 
only traces of carbonates can be titrated with 
the aid of methyl red, but larger amounts of 
carbonate render the end-point indefinite, so 
when methyl red is used in the titration of car- 
bonates, the solution must be boiled after each 
addition of the acid when the end-point is being 
approached. 

p -Nitropkenol. — This may be employed in 
aqueous solution; .it has the advantage that 
its range extends up to the point of theoretical 
neutrality, and, moreover, it is less affected 
by proteins than are some other indicators. On 
the other hand, its colour is not very intense. 

Phenacelolin. — 1 g. is dissolved in 500 c.c. of 
alcohol. It is yellow at p a 0-3, brown-red at 
Ph 5, pink at p H 6-10 [i.e. with carbonates of 
the alkalis), and almost colourless at p u 12 ( i.e . 
with caustic alkalis). It is used, therefore, for 
estimating both hydroxide and carbonate when 
present in the same solution. 

Phenolphthalein. — This was proposed as an 
indicator by Luck (Z. anal. Chem. 1877, 16, 
322) ; one of two drops of a 0-5% alcoholic- 
solution are used in each titration. It is very 
useful for titrating organic acids, but is useless 
in the presence of ammonium salts or of carbonic 
or hydrogen sulphide (see p. 638). 

Rosolic Acid ( aurin , coralliri). — This is used as 
a 1% solution in 60% alcohol, a few drops 
sufficing for 100 c.c. of liquid. It is affected 
by carbonates and sulphides, but records the 
neutralisation of sulphurous acid by ammonia 
at the (N H 4 ) 2 S0 3 stage. It has the advantage 
that it can be employed in 50% alcoholic 
solutions. 


Thymolphthalein. — This resembles phenol 
phtlialein, but its different colour change anc 
slightly different range sometimes make il 
preferable. 

1 'iopieolin-0 . — Although its high rang< 
limits the applicability of this indicator, yet il 
has been used by Prideaux (Z. anorg. Chem 
1913, 83, 362) for the direct titration of borii 
acid by alkali; 10-20 drops of 0-04% solutior 
are used, and the boric acid solution should b< 
saturated with sodium chloride. 

Mixed Indicators. — A mixture of two indic-a 
tors will often give a sharper colour change thar 
cither indicator separately, and by suitabh 
c mice of indicators it is possible to obtain i 
sharp change over a narrow range of p H , anc 
ius to secure an accurate titration whicl 
might otherwise be difficult ; e.g. the titratior 
o carbonate to the bicarbonate stage, for whicl 
aimpson (Ind. Eng. Chem. 1924, 16, 709) use: 
parts of thymol blue to 1 part of cresol red ant 
mtcs froin the purple- violet through blue to t 
i() c ( °, our - A list of 25 such mixed indicator 
». their characteristics is given by Kolthof 
in i v em ' Z ' 1927> 189 > 26 ; see also Kolthof 
above)'™'' 11 ’ ° Cl, ' , am * un ^ er Methyl Orange 

Vol. 11,-4! 


Preparation of Standard Acids and 
Alkalis 

Standard solutions of acids and alkalis are 
usually prepared on the normal basis (see p. 636). 
In acidimetry and alkalimetry it is essential 
to have a solution of some acid or alkali, the 
concentration of which is known with great 
accuracy ; this solution serves to standardise 
the others of its class, and if it is hydrochloric 
acid it may be used indirectly to standardise 
solutions ■ of other classes [e.g. silver nitrate 
or potassium iodatc). Various suggestions have 
been made for acid standards, but hydrochloric 
acid is the most generally useful, although 
sulphuric acid (or occasionally oxalic acid) is 
used. 

The commonest method of determining the 
concentration of either of the two inorganic acids 
is to titrate it against weighed amounts of pure 
anhydrous sodium carbonate. Separate weighed 
quantities of the solid are dissolved in 50-100 c.c: 
of cold distilled water and titrated by the acid, 
methyl orange being the indicator. The con- 
centration of the acid is calculated from each 
result, and the mean is taken as correct. 

Chemically pure sodium carbonate, which 
should be free from all but minute traces of 
chloride and sulphate, is dried at 280°-300%. 
in a platinum crucible with continual stirring. 
Alternatively, the bicarbonate may be heated to 
constant weight at the same temperature. 
Complete dehydration of the carbonate is said 
to be effected by washing it with alcohol and 
drying it at 110%. (Ind. Eng. Chem. [Anal.], 
1934, 6, 336). 

The foregoing method, although extensively 
used, has been adversely criticised, mainly on 
the ground that complete dehydration cannot be 
effected without slight loss of carbon dioxide ; 
it is asserted that this occurs even at 170%., 
but this statement has been disputed, and even 
now (1937) the stability of carbonate towards 
moderate heat is much discussed, some authors 
asserting that a temperature of 400%'. is safe. 

A satisfactory method of checking the values 
obtained by tho carbonate process depends on 
the fact that sodium oxalate is converted into 
the carbonate on ignition. As the oxalate can 
be prepared in a state of high purity, the 
residue of carbonate theoretically obtainable 
from a known weight of oxalate can be cal- 
culated, and the presence of any sodium oxide 
is immaterial if the calculation is based on the 
original weight of oxalate. The weighed oxalate 
is carefully heated in a platinum crucible until 
all the separated carbon has been burnt off and 
the residual carbonate begins to fuse ; the cooled 
residue is dissolved in water and titrated as 
already described (.Sorensen, Z. anal. Chem. 
1905, 44, 156). 

From time to time many other solids have been 
proposed as standards ; the following are 
noteworthy : 

Potassium teiroxalate, 

KHC 2 0 4 ,H 2 C 2 0 4 ,2H 2 0 ; 

succinic acid ; borax (Rimbach, Ber. 1893, 26, 
171), which has an equilibrium water vapour 
pressure close to that of laboratory air under 
ordinary conditions of temperature and 
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a measured volume of the acid is added to a 
weighed excess of sodium carbonate in a 
platinum dish, the solution evaporated, the 
residue dried at 300°C. and weighed. This 
method is preferable to gravimetric determina*- 
tion of the acid as barium sulphate. 

Sulphuric acid solutions of definite concentra- 
tion may be prepared by specific gravity 
measurements (Pickering, J.C.S. 1890, 57, 64). 
A’ quantity of the purest acid is diluted 
with half its volume of water, and the 
specific gravity of the solution accurately 
determined with a Sprengel pyknometcr at 15° 
or 18°. The percentage of actual H 2 S0 4 in the 
solution is then found by reference to tables 
giving the values for 15°/15° or 18718° ( see 
Sutton’s “ Volumetric Analysis,” 12th ed., 
1935, p. 56). If the specific gravity at 15715° 
is not corrected to vacuum standard, the table 
given in J.S.C.I. 1902, 21, 1511, may be used, 
whereas the other tables have been so corrected. 
Between the limits of 66 and 81% the following 
equations reproduce the uncorrectcd values 
with an error not exceeding 0-04% : 

P=86S, 5 -69-00 

P=86S ls — 68-82 

where P=perccntage of sulphuric acid, and 
S 13 and S 18 are the specific gravities at 15° and 
18° respectively uneorrected for buoyancy 
(.Marshall, J.S.C.I. 1899, 18, 4). Tho diluted 
acid may be kept in a stoppered bottle without 
change, and can be weighed out and further 
diluted as required. 

Oxalic Acid. — A normal solution is prepared 
by dissolving 63-02 g. of the pure dihydrate, 
H 2 C 2 0 4 ,2H 2 0, in water and diluting it to 
1 litre. Tho crystals tend to lose water in a 
warm atmosphere, so the solution should be 
checked against a standard alkali with phenol- 
phthalein as indicator, or against an accurately 
standardised potassium permanganate solution 
(c/. p. 046). Oxalic acid solutions are somewhat 
unstable and should be checked frequently. 

Sodium Hydroxide. — To prepare a normal 
solution, clear transparent lumps of A.R. 
material are selected, any opaque portions of 
surface scraped ofF, and about 50 g. dissolved 
in a litre of distilled water. The cooled solution 
is standardised against N -hydrochloric acid with 
methyl orange as indicator. 

For the preparation of sodium hydroxide 
solutions free from carbonate several processes 
are available : (i) an emulsion of freshly slaked 
lime is added to the solution, and after the solid 
has settled tho clear liquid is decanted off; 
(i|) a solution of baryta is similarly’ used ; 
(»■) sodium is suspended in a cage of silver wire 
above a basin of water in a large desiccator, 
and the drippings fall into the water, giving the 


Xcnip. 

O-l.V-Solutions. 

aY-HCI 

5° 

1 

+ 1-26 




15° 

IHsitzuHEj 


20° 

-0-76 

-0-97 

25° 

-1-79 

-2-14 


required solution ; (iv) addition of sodium 
sulphate to baryta solution ; (v) a concentrated 
solution is prepared from equal weights of the 
base and water, and is decanted from the 
insoluble sodium carbonate which settles 
during several day’s’ standing. Method (ii) 
has the disadvantage that the solution gives a 
precipitate with sulphuric acid or sulphates. 

Potassium Hydroxide. — This is prepared 
analogously to sodium hydroxide, but if it is 
required free from carbonate, method (v) is not 
available since potassium carbonate is too 
soluble in the concentrated hydroxide solution. 

These carbonate-free solutions may often bo 
used instead of bary ta solutions, but the same 
precautions have to be adopted in keeping them. 

Barium Hydroxide. — 40 g. of the crystalline 
hydroxide, Ba(0H) 2 ,8H 2 0, are dissolved in 
about 600 c.c. of boiling water in a flask provided 
with a stopper carrying a siphon arrange- 
ment. When the solution has become cold, the 
excess baryta will have crystallised out and 
carried with it any suspended carbonate. The 
clear solution (about 0-4A') is siphoned off into 
about three times its volume of recently’ boiled 
and cooled distilled water, and the diluted 
solution is kept in an aspirator fitted with a soda- 
lime guard-tube, so that it can be run off through 
a tube fitted to the tubulure directly into a 
burette. The solution is standardised against 
succinic acid, phenolphthalein being used as 
indicator ; or a measured volume may be 
evaporated to dryness with a slight excess of 
sulphuric acid, the residual barium sulphate 
being gently heated and weighed. 

The chief use of this solution is in titrating 
organic acids, phenolphthalein being tho 
indicator. Carbon dioxide must be excluded. 
Baryta kept in glass vessels may acquire traces 
of silica which affect its use for determination 
of carbon dioxide (Z. anal. Cliem. 1933, 94. 1). 

Ammonia. — Solutions of ammonia slowly lose 
the gas if they are more concentrated than iV/2, 
but those of this or lower concentration are very 
stable. An approximately’ A72-solution may be 
prepared by diluting 28 c.c. of the ordinary 
concentrated solution (sp.gr. 0-88) to 1 litre ; 
it is standardised against hydrochloric acid with 
methyl red as indicator. 

Expansion of Standard Solutions. — In order to 
correct for expansion or contraction of standard 
solutions with change of temperature, it is 
important to note that these deviations differ 
from those of water if tho solution is not very 
dilute. The following table is taken from 
Schlosser’s data (Chem.-Ztg. 1904, 28, 4; 1905, 
29, 510) for correction to 15°C., tho value 
given being the number of c.c. to be added to or 
subtracted from 1,000 c.c. at the given tempera- 
ture. 


A’-H 2 S0 4 

A T -OxaIic acid. 

iY-NaOH 

+ 1-94 

+ 1-33 

+ 2-18 

+ 1-09 

+0-81 

+ 1-18 

±0-00 

±0-00 

J-0-00 

-1-30 

-1-05 

-1-33 

-2-76 

-2-34 

-2-85 
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Typical Acidimetric and Alkalimetric 
Estimations. 

Determination oj Total Allali . — About 10 g 
of the substance are dissolved in water, filtered 
if necessary, and the solution diluted to 500 c.c ; 
50 c.o. are withdrawn, and titrated with .V- 
hydrochlonc acid, methyl orange being used as 
indicator If the substance is difficultly soluble 
in water. 1 g is boiled with a measured excess of 
the acid, and the excess is titrated with standard 
alkali after being cooled The rc«ult gives the 
\oIumc of acid required to neutrak-e the 
total alkali, » e. that present as hi dioxide, 
carbonate, bicarbonate, sulphide, sulphite, thio 
sulphate, alurainate, and silicate. 

Allah tie Hydroxide tn Presenceof Carbonate . — 
100 c e. of the above solution are heated, mixed 
with excess of banura chloride solution, cooled, 
diluted to 250 c.c., and well shaken. When the 
precipitate has settled, 50 C.C. of the clear liquid 
arc withdrawn and titrated with standard 
acid The hydroxide thus determined is one- 
twenty fifth of that in the original substance. 
The carbonate is precipitated as insoluble b-tnum 
salt, and the hydroxide content is unaffected 

zMjCOj+yMOH+irBaCi, 

-zBaCO,+ yMOH+2.rMCI 

The solution cannot be filtered, since the alkali 
would absorb carbon dioxide from the air, 
causing more carbonate to be precipitated owing 
to reaction with the excess barium chlonde. A 
considerable excess of banum chloride is 
necessary to repress the slight solubility of the 
barium carbonate 

In order to avoid the slight error due to the 
volume of the precipitate, and to economise time, 
Watson Smith (J S C I. 1882, 1. 85) adds 
ju«t sufficient barium chlonde to precipitate the 
carbonate According to him, no banum 
carbonate remains in solution, and even if 
cnrlmn dioxide is absorbed, there is no excess 1 
barium to precipitate it, so no alkali is lost The 
barium chlonde 13 added gradually to the hot 
solution until precipitation is just complete, and : 
the solution is filtered into a 250 cc. Gash, an | 
aliquot portion being titrated , Sorensen and 1 
Andersen (Z. anal. Chem. 190S, 47, 279) state 
that hvdroxidc or bicarbonate should be con- 
verted into neutral chloride or normal carbonate, 
by acid or alkali respectively . m order that pure 
BaCOj may be precipitated. Alteraatn ely, 
the whole of the liquid containing the barium 
carbonate in suspension may be titrated with 
oxalic acid, with phenolphthalein as indicator, 
eince this is not affected by the barium carbonate. 

Carbonates in the Pretence of Hydroxide — 
The solution is coloured very faintly yellow with 
pbcnaeetobn, and titrated with standard acid 
until the colour changes to a rose tint. The acid 
thus added corresponds to the free hydroxide 
present. Further addition of acid now cau«es an 
intensification of the red colour, but later this 
becomes yellowish and finally a golden yellow. 
The additional acid thus added corresponds to 
the carbonate prc«cnt (Lunge, J.S C.I. 1S32, J, 
56). This method is not accurate for small 
proportion* of hydroxide in presence of large 
quantities of carbonate. 


The following method (Warder, Chem. News, 
1881, 43, 228) gives fairly satisfactory results! 
especially for relatively small quantities of 
carbonate. To the cold solution, preferably at 
O'C. and saturated with sodium chloride, phenol- 
phthalein is added, and standard hydrochloric 
acid is run in slowly, the burette tip being 
immersed in the liquid, till the indicator becomes 
colourless. At this stage (r c.c. of acid) all the 
hydroxide and half the carbonate have been 
neutralised Titration is now continued with 
addition of methyl orange until this indicator 
show s a pink tinge f y c c. more of acid). There- 
fore the carbonate is equivalent to 2y c.c., and 
the hydroxide to (r— y) c c. Simpson’s indicator 
(see p 641) is available for the first stage. 

Evans (Analyst, 1937, 62, 122) gives a method 
for determination of carbonate, hydrotide, and 
cyanide (as in plating-baths), and describes a 
useful apparatus for the precipitation, filtration 
and v ashing of banum carbonate in absence of 
carbon dioxide. 

To determine the proportion of lime in a 
mixture with chalk, 5 g of the finely powdered 
substance are moistened with 10 cc of neutral 
alcohol and mixed with 490 c c of 10% sucrose 
solution (neutralised if necessary ). After being 
shaken for 4 hours, the solution is filtered 
through a dry paper, and 50 c c are titrated by 
A’/2 hydrochloric acid, phenolphthaJem being 
the indicator. 

Mixed formal and Acid Carbonates — The 
cold dilute solution is titrated in presence of 
phenolphthalein, with the burette tip under the 
liquid, and the disappearance of colour corre- 
sponds to the conversion of all the carbonate into 
bicarbonate The liquid is then boiled and 
titration is continued until the solution remains 
colourless after prolonged boding. If ar c c. are 
added up to the first stage, and y c c. in all, then 
2x c.c. represents the normal carbonate, and 
(y~2x) c c the bicarbonate As before, better 
results are obtained if considerable sodium 
chloride is added to the solution to be titrated. 
Also, thymol blue gives a better indication of the 
first stage, titration being earned only to a green 
tint. 

Titration of carbonate to the 6icar6onatfe 
stage may be effected by use of Simpson’s 
mixed indicator (see p. 641), but in all cases it is 
best to use a comparison solution containing the 
anticipated amount of sodium bicarbonate and 
the same nmount of indicator m the same 
volume of liquid as in the test solution. 

Lnnge used a different method, based on the 
reaction: 

xMjCOs+yMHCOj+aNHj+fr+yjBaCr, 

= (2r+t/)MCl4-yNH 4 CI+(x+y)BaC0 3 
+ (*-y)NHi 

The solution to be tested is mixed with a 
measured excess of A’/d-ammonia, excess of 
banum chloride added, and the bquid diluted 
with recently boded water to a definite volume 
When the precipitate has settled, n jKirtion of t! e 
clear liquid is withdraw n by a pipette and titnlc* 1 
for excess ammonia by standard acid. Toe 
difference between the ammonia added nnu tuat 
found finally corresponds to the bicarbonate 
present. 
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Another method is to add a definite excess of 
carbonate-free sodium hydroxide, the resulting 
mixture of hydroxide and carbonate being 
analysed as above. 

None of these methods is very accurate if 
the proportion of normal to acid carbonate is 
small. 

Ammonia . — Free ammonia in its aqueous 
solution is determined by -weighing 10 c.c. in a 
light, stoppered, graduated, tared flask, and 
titrating it with standard acid and methyl red. 
The weighing gives both the weight taken for 
analysis and the specific gravity. 

Combined ammonia is determined by boiling 
the substance with a considerable excess of 
sodium hydroxide solution, absorbing the 
ammonia in a measured excess of standard acid, 
and titrating this excess by alkafl. The ammonia 
is most efficiently removed by a current of steam. 
If organic nitrogen compounds are present, these 
yield some ammonia on distillation with caustic 
alkali but not with magnesia, so a suspension of 
the latter should be used. Winkler prefers to 
absorb the ammonia in 2% boric acid solution 
and titrate it directly with methyl red or methyl 
orange as indicator, since this acid does not 
affect these indicators. 

Ronchise (J. Pharm. Chim. 1907, 25, 611) 
and Wilkie (J.S.C.I. 1910, 29, 0) determine 
ammonia in its neutral salts by adding a large 
excess of formalin (5 c.c. usually suffice) which 
lias been neutralised to phenolphthalein, and 
aftcrone minute titrating the acid which has been 
liberated owing to removal of the ammonia to 
form hexamethylenetetramine. If the salt 
solution is not neutral initially, it may be 
neutralised with methyl orange or methyl red as 
indicator, phenolphthalein being inadmissible 
at this stage; if an acidity is due to a weak 
acid, neutral red should be used instead of the 
other indicators. 

Hydrochloric, Hydrobromic, Hydriodic, Sul- 
phuric, and Nitric Acids . — These acids are 
determined by direct titration with standard 
alkali, using methyl orange, methyl red, or 
bromophenol blue as indicator. 

Oxalic, Tartaric, Citric, Acetic, and Lactic 
Acids . — These acids may be similarly deter- 
mined if phenolphthalein is used as indicator. 
Oxalic acid may be titrated with litmus as 
indicator if the solution is boiled. Methyl orange 
can be used if the oxalic acid is first nearly 
neutralised and then treated with excess of 
neutral calcium chloride solution, the titration 
being virtually that of hydrochloric acid liberated 
by double decomposition; if * the chloride is 
added before the acid is nearly neutralised, the 
calcium oxalate carries down some acid, and the 
results are erroneous. 

Boric Acid . — This cannot be directly 7 titrated 
as an acid, since it is too weak to give accurate 
rcsa “ 3 with any of the Ordinary indicators (see 
p. 639), and borates titrate as if they 7 were the 
rco base. If, however, the solution contains at 
cast 30% of its weight of glycerol, the complex 
acid can be titrated in presence of 
P enolphthalein, the boric acid being virtually 
monobasic (Thomson, J.S.C.I. 1893, 12, 432). 

dition of 5-10% of mannitol to the solution 
nas a sim ilar effect (Jones, Arner. J. Sci. 1899, 
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7, 847). In the presence of phenolphthalein, 
the absence of carbonates must be ensured. 

Sulphurous Acid . — This acid can be titrated 
directly by sodium or potassium hydroxide 
(not by 7 ammonia) if methyl orange, phenol- 
phthalein, or rosolic acid is used as indicator. 
The first indicator denotes the stage MHS0 3 
and the other two show the M„S0 3 stage. By 
utilising this fact it is possible to determine both 
sulphite and bisulphite together. 

Phosphoric and Arsenic Acids . — These are 
monobasic with methy 7 ! orange or, better, 
bromoeresol green, and dibasic with phenol- 
phthalein or, preferably, thymolplithalein. For 
the second stage, a mixture of phenolphthalein 
with two parts of a-naphtholphthalein gives a 
sharp and accurate end-point. These acids can 
be titrated with baryta and phenolphthalein; 
towards the end of the reaction time must be 
allowed for the gelatinous Ba 3 (P0 4 ) 2 to change 
into the crystalline BaHP0 4 . Advantage may 
be taken of the different basicity as indicated 
by the above methods to estimate phosphoric 
acid in presence of monobasic acids such as 
hydrochloric acid. 

Segalle (Z. anal. Chem. 1895, 34, 33) pre- 
cipitates phosphoric acid as MgNH 4 P0 4 by 
addition, first, of a known volume of standard 
ammonia, and then of magnesium sulphate, and 
the excess of ammonia in an aliquot part 
of the filtered solution is titrated by standard 
acid with methyl red as indicator; or the 
precipitate may be filtered off, washed with 
ammonia and then with 50% alcohol, and 
dissolved in excess of standard acid, the excess 
being titrated by standard alkali (Stolba). 
Both these methods are equally 7 applicable to 
arsenic acid. The efficient washing of the 
precipitate by alcohol is difficult to achieve. 

Wilkie (J.S.C.I. 1909, 28, 68) adds to the acid 
solution excess of silver nitrate followed by 
excess of sodium acetate, whereby Ag 3 P0 4 is 
precipitated and the corresponding amount of 
acetic acid (3 equivs.) is liberated and can be 
titrated as usual. A recent improvement 
(Simmich, Angew. Chem. 1935, 48, 566) is to 
neutralise the solution to methyl orange, add not 
more than 3-5 equivs. of silver nitrate, and 
titrate, by using bromothymol blue, the nitric 
acid liberated according to the equation, e.g. : 

KH 2 P0 4 -)-3AgN0 3 

=Ag 3 P0 4 +KN0 3 +2HN0 3 

Free phosphoric acid can be titrated as a 
tribasic acid if calcium chloride is added to the 
solution in the ratio of 5-10 mols. per mol. of 
h 3 po 4 , so as to avoid formation of CaHP0 4 
(Bull. b’oe. chim. 1933, [ivj, 53, 963). 

Carbonic Acid . — In solution, this acid is 
determined by adding excess of ammonia and 
calcium chloride. The liquid is then boiled, and 
the precipitated calcium carbonate collected, well 
washed, and dissolved in a measured excess of 
standard hydrochloric acid, the excess being 
titrated by standard alkali to methyl orange : 

C0„=0 022x vol. of A'-acid consumed. 

Insoluble carbonates are weighed into a flask 
carrying a cork fitted with a bulb and delivery 
tube. The bulb contains 40% phosphoric acid. 
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which is allowed to drop slowly on to the 
carbonate, and the evolved gas is led into a flask 
containing fairly strong ammonia. The eecond 
flask is closed with a cork through which pass 
the delivery tulic, which should end just above 
the surface of the ammonia, and a guard tube 
Ailed with pieces of glass moistened with 
ammonia. Finally when all the gas has been 
expelled, by moderate heating if necessary, the 
CO j in the ammonia is determined by means of 
Calcium chloride ns above (Gooch and Phelps, 
Amer. J. Sci. 189.3, 50, 101, who, however, used 
hydrochloric instead of phosphoric acid). The 
process can be adapted to the determination of 
CO, in mineral waters 

Seyler (Analyst, 1897, 22, 312) discusses the 
occurrence of carbon dioxide, free and combined. 
In natural waters. 

Hydrofluoric Acid — This may be accurately 
titrated by carbonate free potassium hydroxide 
and phenolphthalem, but if it rontams sikco- 
fluoric acid, this is titrated as a dibasic acid and 
the end point fades slowly owing to the reaction 
of K,S iF t with the excess alkali (see Mote) 

Silicofltionc Acid. — Solutions of this acid 
should be diluted with an equal volume of 
alcohol and titrated as above ; the K t SiF g 
is insoluble m the alcoholic solution and does 
not undergo the further reaction mentioned 
above Alternatively, this salt may be filtered 
off and further titrated 

K,S»F,+4K0H=6KF+Si0,+ 2H,0. 

Combined Acids in Salts may be roughly 
determined by adding to the salt solution a 
measured excess of Bodium hydroxide or 
carbonate, boiling the mixture, letting the 
precipitate settle, and titrating the excess 
alkali in an aliquot part of the liquid, methyl 
orange being the indicator. The volume of 
alkali consumed is a measure of the combined 
acul. For salts of copper, silver, mercury, 
cobalt, nickel, iron, and chromium, the hydroxide 
Bhoufd be used , for those of calcium, barium, 
atrontmm, magnesium, aluminium, zinc, bis- 
muth, and manganese, the carbonate should 
■V' fwrf. 

For strongly coloured solutions or salts which 
are readily hydrolysed, Kiefer’s method 
(Annnlen, 185.3, B3, 38G) is still sometimes used: 
CO g. of copper sulphate are dissolved in 
wafer, and ammonia is added until nearly all the 
precipitate lias redissolved. The solution is 
diluted to 900 c.e., allowed to settle, and the 
clear liquid filtered through glass wool and 
diluted to a litre. When this liquid is gradually 
added to an acid solution observed against a 
black background, a temporary precipitate is 
redisaolv ed until all the free acid is neutralised, 
bnt then remains permanent. A blank Is 
similarly standardised on 10 c.e. of A’-sulphuric 
acid. The results vary with conditions of 
concentration, etc. The nitrate is used instead 
of the sulphate if barium, etc., is present. The 
solution requires frequent standardisation. 

Free Acid in Salts may be determined by 
adding glycerol to the solution and titrating the 
acid (Wagner, Z. anal. Chcm. 1933, 95, 311). 
The glycerol forms a complex with the metal and 
the salt is not then subject to hydrolysis. Free 


acid in iron or aluminium sulphate may be 
determines! bv adding 10 g. of sodium chloride 
and 5 g of sodium fluoride and titrating without 
removal of the colourless precipitated fluoride, 
phenolphthalem being the indicator. 

For titration of free atul in iron or copper salts, 
see Ahlum (Prop. Chem. Soc. 190G, 22, 63) and 
Sims (Chcm. News, 1907, 95, 253) respectively. 

Bibliography. — Sutton’s “ Volumetric Analy- 
sis,” 12th ed , 1935 ; Treadwell, “Analytical 
Chemistry,” voi. 2, 8th ed. (trans by Hall), 
1935 , Lunge's “ Technical Chemist’s Hand- 
book,” 3rd ed. (Cumunng), 1929; Kolthoffand 
Furman, “ Volumetric Analysis,” 1929. 

Otiieb Volumetric Processes. 

Preparation of Standard Solutions. 
Potassium Perma’v o an ate. — This is employ ed 
as an oxidising agent, usually' in dilute sulphunc 
acid solution, w hen it reacts according to th" 
equation .- 

2KMn0.+4H,S0 4 

-2KHS0 4 +2MnS0 4 +3H 2 0 + 60 
The OMelatmn of ferrous sulphate, for example, 
is represented thus 
2KMnQ 4 +10FeSO 4 +9H,SO 4 
=2KHS0 4 +2MnSO 4 -f 5Fe 2 (S0 4 )j+BHj0 
It is sometimes simpler to regard the process as 
occurrmg between oxides 

T0FeO+Mn t O 7 =5Fe t O 3 +2MnO. 
or as a transfer of electrons from ferrous ions : 
5Fe”+ Mn0 4 '+8H =5Fe •+Mn’+4H I 0 
The utility of permanganate depends on the 
facts that such oxidations are rapid and quantita- 
tive, and that its strong colour enables it to act 
as its own indicator, the smallest excess being 
readily detected. Most oxidations occur at the 
ordinary temperature, but that of oxalic acid 
requires a temperature of 60°-80°. It is essential 
to have a moderate excess of sulphuric acid 
present (say, 2-5 c.c. of concentrated acid 
per 100 c.c. of solution), for otherwise manganic 
iryrtraxia’es may separate and spurt ih «r trtr.r.Vsw. 
The presence of hydrochloric ncid should be 
avoided if possible, since it tends to react with 
the permanganate, particularly in presence oj 
iron salts. The resultant error can be minimised 
by certain devices described under Irov. 
The addition of colloidal silicic acid, in the form 
of 5 cc. of a solution of water-glass (spge- 
1-17), was claimed to obviate this source of 
error (Analyst, 1 909, 34, 306), but this has been 
disputed (Chem. Ztg. 1919, 43, 51 ; 1920, 44, 
310, 682 ; Z. anal. Chem. 1923, 62. 417). 

Preparation and Titration of the Solution 
An A'/l0 solution (3 16 g. per litre) is most con- 
venient for general use. After being jirepsr™, 
the solution should be set aside for a few days, 
then filtered from any deposited dioxide (which 
catalyses its decomposition) through a sintered- 
glass filter, and standardised. It is then lain? 
stable for long periods jf stored out of bright 
light and protected from dust. The solution w 
best standardised against sodium oxalate. 

Titration against Sodium Oxalate.— Tl iw mm* 
stance was suggested as a standard by Sorensen, 
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and is generally regarded as the best for the pur- 
pose as it ean be obtained very pure and 
anhydrous. It should be dried at 100' J C. for 
few" hours before use. The following method 
(McBride, J. Aincr. Cheni. Soe. 1912, 34, 393) 
had been regarded for many years as the best, 
but has recently been criticised (sec below). 

Three or four portions of the pure dry oxalate 
(0-25-0-30 g.) are separately dissolved in 200- 
2o0 e.e. of water containing 5 e.e. of concentrated 
sulphuric arid, heated to 80°-90°C., and titrated, 
with vigorous stirring and very slowly, especially 
towards the end, until a faint permanent pink 
coloration is obtained. The final temperature 
should not be below 60°. 

Fowler and Bright (J. Res. Nat. Bur. Stand. 
193.), 15, 493) find that this method is apt to give 
high results for the permanganate factor ; 
they recommend that 90-95% of the volume of 
permanganate expected to be required be added 
to the acid oxalate solution at 25°-30°, the titra- 
tion being then completed after the solution has 
been warmed to 55°-60°. 

Other common methods for the standardisa- 
tion are against: oxalic acid dihydrate, 
H 2 C 2 0 4 ,2H 2 0; ammonium oxalate, 

(NH 4 ) 2 C 2 0 4 ,H 2 Oj 

and Mohr’s salt, FeS0 4 ,(N H 4 ) 2 S0 4 ,6H 2 O. 
The former practice of standardisation against 
iron wire should be discarded, since the traces of 
oxidisablc impurities consume more per- 
manganate than their own weight of iron, and 
correction for the actual iron content increases 
the error. Metallic iron produced by the 
decomposition of the pentacarbonyl, Fe(CO) 5 , 
is, however, sufficiently pure for standardisation 
purposes (Z. anal. Chem. 1933, 91, 341); 
and the ferrous salt produced by dissolving pure 
silver foil in excess of acidified ferric alum 
solution in a current of carbon dioxide has been 
recommended for standardisation, especially if 
phosphoric acid is added to diminish the colour 
of the ferric salt (Z. anorg. Chem. 1924, 136, 
193). 

It is often convenient to express the con- 
centration of a permanganate solution in terms 
of the weight of iron it can oxidise; thus 1 e.e. 
of A/10-permanganate=0-005584 g. of iron. 

Potassium Bichromate. — A solution of this 
salt may replace permanganate in the titration 
of ferrous iron, with the advantage that it is not 
affected by dilute hydrochloric acid. An excess 
of mineral acid is essential. The oxidation may 
he expressed by any of the equations: 
K 2 Cr 2 0 7 +6FeCI 2 +14HCI 

=2KCI+2CrCI 3 +6FeCI 3 +7H 2 0, 
2Cr0 3 +6FeO = Cr 2 O 3 +3Fe 2 O 3 , 
6Fe"+Cr,0 7 ''-pl4H'=6Fe'"+2Cr‘"-f 7H 2 0 

An A / 1 0 solution is prepared by dissolving 
4 901 g. of the pure dry salt in distilled water 
oml diluting to 1 litre. The titrations are made 
at room temperature, but since the green colour 
of the chromic salt masks the colour of the 
excess of diehromate it is necessary to use either 
(0 an external indicator or (ii) an intensely 
coloured internal indicator. 
f (>) Drops of a very dilute solution of potassium 

crricyanidc solution, prepared by washing a 


small crystal repeatedly to free it from ferro- 
cyanidc and then dissolving it to give a very pale 
yellow solution, are placed on a white plate, and 
from time to time the end of a glass rod, 
previously dipped into the solution being 
titrated, is brought into contact with a drop of 
ferricyanide. As long as ferrous salt is present in 
appreciable amount a strong blue colour is 
obtained, but ns the quantity diminishes, the 
colour becomes paler, then greenish-blue, until 
finally a drop ceases to give any colour; at this 
stage about half a minute should be allowed for 
any potential colour to develop. If the ferri- 
eyanide is too strong the end-point has a 
brownish tint. 

(ii) It is more convenient to use an internal 
indicator, • of which a variety is available. In 
conjunction with some of these it is necessary 
to add 2-5 e.e. of syrupy phosphoric acid (or its 
equivalent), and in any case a fairly high con- 
centration of acid should be maintained by 
addition of 10 e.e. of concentrated sulphuric acid 
per 150 e.e. of liquid. A few drops of a 1% 
solution of diphenylamine in concentrated 
sulphuric acid, or, better, three drops of a 0-3% 
aqueous solution of barium diphenvlamine- 
sulphonate are used as indicator, the cud-point 
being marked by the persistence of an intensely 
blue-violet or a bright reddish-pink colour 
respectively. Another indicator of this type is 
tri-o-phenanthrolinofcrrous sulphate, 

[Fe(C 12 H 8 N 2 ) 3 ]S0 4 , 

which is readily prepared from 12 g. of the 
hydrated base and the equivalent of acid-freo 
ferrous sulphate per litre; one drop of this 
jlf/50 solution usually suffices; the colour 
change is from an intense red to a pale blue, and 
phosphoric acid is not required (Walden, 
Hammett and Chapman, J. Amer. C'hem. Soe. 
1931, 53, 3908; 1933, 55, 2649). Numerous 
other indicators have been suggested; a few 
drops of a 1% solution of brucine in dilute 
sulphuric acid are effective if the acidity is kept 
above 3A'-: the solution acquires a bright 
cheny-red colour at the end-point, and, as in 
the foregoing cases, except that of diphenyl- 
amine, mercuric and stannic salts do not inter- 
fere. Further, phenylanthranilic acid may be 
used under similar conditions to the phenanthro- 
line compound (J. Amer. Chem. Soc. 1936, 58, 
928). The colour change of diphenylamine is 
not evident in artificial light. 

Ceric Sulphate. — This oxidising agent has 
the advantage over potassium permanganate, 
which it otherwise resembles, that its action 
involves only one step in valency instead of 
five : 

Ce lv ->- Ce m (rf. M n VII -> Mn 11 ), 

and that the presence of hydrochloric acid is not 
inconvenient; on the other hand, its colour 
(orange) is not so intense as that of permangan- 
ate, and it cannot so readily serve as its own 
indicator. The, solution is prepared by heating 
50 g. of the commercial oxide (of which the 
oxidising power is equivalent to about 40% 
of Ce0 2 ) or 50 g. of ceric nitrate with con- 
centrated sulphuric acid — in the latter case, 
until all nitrous fumes are expelled — and 
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extracting the cooled mass with water to give a 
litre of solution, which should then be rather 
stronger than A'/ 10, and be Nj2 to A’, with 
regard to sulphuric acid. Alternatively, 35 g 
of purified cerous oxalate may be converted 
into oxide by heating at 6(X?C. m an iron 
crucible, and the oxide is then treated as above. 

The solution is standardised on 60 dium 
oxalate in acid solution at 70°C, being added 
until a pale yellow colour due to ccnc silt just 
persists 

H,C,0 4 +2Ce(S0 4 ), 

— Ce 2 (S0 4 ) 3 + HjS0 4 +2C0j 
I t mav aKo be standardised upon ferrous 
ammonium sulphate, titration being earned 
out at room temperature with 0 5 c c. of 0 1% 
aqueous solution of xylene cyanol FI’ as indica- 
tor , the colour changes sharply from green to 
orange and is readily reversible Methyl red 
(Furman and Evans, J Araer Chem. Soc 
1928. 50, 755, 1675, 1930, 52, 2347) or cno- 
ghucin A may bo used as indicator; m the 
former case it is better to titrate in the reverse 
direction, and the ferrous solution is run in until 
the ceric solution is pale yellow, then the 
indicator is added together with sulphuric and 
phosphoric acids, and the titration is con- 
tinued until the solution becomes violet. Eno 
glaucin A is vcllow with ferric and roso with 
cene solutions 

Potassium fcrrocyamdc serves as a standard 
if a drop of dipheny lamme solution (see p. 047) 
is lived as indicator , or a drop of feme chloride 
solution maj bo used instead, titration being 
earned out with vigorous shaking until the 
Prussian blue colour disappears Iodine (Swift, 
J. Amer Chcm Soc. 1930, 52, 899) and ar 
scnious oxide (Willard and Young, ibid. 1928, 
50, 1372) have also been used for the standardisa- 
tion. 

InniNE, Some m Tiiiosi ipiivte, and Somi vi 
Arsen m. — A/ 10 solutions of these reagents arc 
frequently used in conjunction with one 
another. The fundi mental reaction between the 
first two is 

1 4 - Ma*S t O # 42Na.l, 
although in certain circumstances oxidation to 
sulphate may occur to a small extent (Pickering, 
J C.8. 1880, 37, 128). In colourless solutions 
the colour of A’/IO iodine suffices for it to act 
as its own indicator, hut m coloured solutions 
or w ith weaker iodine it is necessary to use 
starch solution, which gives an intense blue 
colour with the least excess of iodine. 

Starch Solution. — About 1 g. of powdered 
soluble starch is ground into a paste with a 
little cold water and slowly added to 200 c.c. of 
boiling water, the boiling is continued for a 
few minutes, and tho solution cooled. It only 
keeps for a few day s unless sterilised, and then, 
if kept in small bottles, completely filled and 
closed by rubber stoppers, it is stable ov er long 
periods. Addition of 1 mg. of mercuric iodide 
per 100 c.c. also preserves it. 

Sensi (new ess of the Iodine-Starch Reaction. — 
Starch must be used in cold solution, for heat 
greatly diminishes its sensitivity. Al«o, it 
must not he used in strongly acid solution. 


for if it is hydrolysed it ceases to give a strong, 
pure colour. Among other factors which affect 
the sensitiveness of starch, the concentration of 
soluble iodide is important, and this Bhould be 
neither le*s than A’/ 150 nor excessively high 
With only a very slight trace of iodine the 
colour is pink, but w ith more than a mere trace 
is an intense blue. 

In many titrations 1 c.c. of a 0 005% solution 
of methylene blue may replace starch (Analyst, 
1910,35,309, 1912,37,252) 

Iodine Solution — To 25 g. of potassium iodide, 
dissolved in a little water, 12 69 g. of pure iodine 
added, the mixture shaken until dissolution 
ample to, and diluted to 1 litre. The solution 
should be kept in the dark and protected from 
dust. For direct preparation of small quantities 
of standard iodine, see beloic. 

Sodium Thiosulphate Solution. — The degree of 
hydration of the crystals is not to be relied 
upon, so 25 g. arc dissolved in a litre of water, 
and after standing out of direct sunlight for at 
least a week, the solution is standardised. It is 
fairly stable, and attempts to improve the 
stability by addition of borax (JII/100) (Watson, 
J S C I. Victoria, 1932, 32, 679) are sijd to lead 
to inaccurate results (Hotkhcimcr, Pharm Ztg 
1935, 80, 1336). 

Sodium Ai senile Solution — 4 946 g. of re- 
sublimed arseiuous oxide are dissolved in a little 
warm pure sodium hydroxide solution, diluted 
to about 300 c e., made just acid to phenol 
phtbalein by dilute sulphuric acid or a current of 
carbon dioxide, and mixed with 20 g of sodium 
bicarbonate in 500 cc. of water, the faintly 
acid reaction being restored by dilute sulphuric 
and. The solution is then diluted to a litre; it 
is exactly decinorraal, and keeps indefinitely. 

A measured volume of the arsenite solution is 
titrated by the iodine solution, with addition 
of starch if necessary , and the iodine is thereby 
standardised. The rev crxiblc reaction 

As 2 0 3 +2 I j+2 H 2 O^As 2 O i +4H I 
proceeds completely to the right in neutral 
solution, and the excess of sodium bicarbonate 
secures this condition by neutralising the 
hydnodic acid produced. Owing to eftervcB- 
cenrc, due to the reaction between birarbonate 
and hydnodic acid, the titration vessel should 
be covered except when the iodine is being 
introduced. 

The thiosulphate solution is standardised on 
the iodine solution, or upon a solution prepared 
08 follows . 0 5 g. of pure iodine, 01 g* 
potassium iodide, and a trace of quicklime are 
ground together and heated on a sand-bath until 
iodine vapour is copiously evolved; the ui'h 
is then covered w ith a dry w atch glass, ana th* 
greater part of the lodino sublimed on to d- 
The watch glass is then covered with a second 
accurately fitting glass and the pair are weighed, 
the weight of the glasses having been previously 
found. The whole is then carefully placed in 
10 c.c. of a 10% aqueous solution of potassium 
iodide, and when the iodine has dissolved it u 
diluted to 100 c.c. and titrated by the thio- 
sulphate. . 

The thiosulphate may also be standard i“« 
against permanganate which has been chcckc 
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on sodium oxalate : 1-2 g. of potassium iodide 
are dissolved in water, acidified with 5 c.c. of 
2A 7 -suIphuric acid, and 25 c.c. of A/lO-per- 
manganate added. The iodine liberated accord- 
ing to the equation 

2KMnO 4 +10KI+14H 2 SO 4 

=12KHS0 4 +2MnS0 4 +5! 2 +8H 2 0 

is then titrated by the thiosulphate after dilution 
of the solution to 100 c.c. 

Thiosulphate should not be standardised 
against a copper solution unless it is to be used 
for the titration of copper (q.v.), for the result is 
slightly in error with regard to other titrations. 
It may be standardised against pure potassium 
dichromate under the conditions prescribed 
under Chromium. The iodine liberated from a 
hnown weight of puro potassium iodate by 
potassium iodide in dilute acid solution also 
affords a good means whereby to standardise 
thiosulphate. 

Titanous Chloride. — This reagent, intro- 
duced into volumetric analysis by Ivnecht (J. 
Soc. Dyers and Col. 19, No. 6 ; Ber. 1907, 40, 
3819; Knecht and Hibbert, “New Reduction 
Methods in Volumetric Analysis,” 1925), is a 
powerful reducing agent. For example, ferric 
chloride is rapidly and quantitatively reduced in 
cold hydrochloric acid solution, according to the 
equation 

FeCI 3 +TiCI 3 =FeCI 2 -|-TiCI 4 , 

and the end-point is reached when a red 
coloration disappears from 10-20 c.c. of 10% 
potassium thiocyanate solution which has been 
added to the ferric solution. Chromic acid and 
cupric salts may be similarly estimated, also 
many azo-dyes. 

60 c.c. of commercial 15% titanous 
chloride (or sulphate) solution, which usually 
contains some iron,, are mixed with an equal 
volume of concentrated hydrochloric acid, 
boiled for several minutes, and diluted to 1 litre 
with air-free water. The solution is stored in an 
atmosphere of hydrogen or carbon dioxide, 
and a convenient apparatus (see, e.g., Sutton’s 
“ Volumetric Analysis,” 12th ed., p. 262) is 
one in which the solution can be transferred 
from the storage pspirator to the burette without 
coming into contact with air or rubber. 

The solution is standardised against an iron 
salt or potassium dichromate, (i) 35 g. of pure 
ferrous ammonium sulphate are dissolved 
in dilute sulphuric acid and diluted to 1 litre ; 
25 c.c. of this solution are then exactly oxidised 
by potassium permanganate, and the resulting 
ferric salt is titrated by titanous chloride as 
above, (ii) If dichromate is used, the thio- 
cyanate indicator Jatar, J.S.C.I. 1908, 27, 
’‘•1, must be used externally by “ spotting ” ; 
the colour changes, through orange to green and 
then violet, show the approach of the end- 
P°int, and the spotting need not be started until 
the green colour has just disappeared. 

ferric alum, purified as described by de 
honmek (Bull. Soc. chim. Belg. 1909, 23, 
•— 4, may be used for the standardisation. 

stannous Chloride. — This reducing agent is 
mere susceptible to atmospheric oxidation and 
c iangc in titre than titanous chloride, but is 
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occasionally used. Ferric salts are rapidly 
reduced in hot hydrochloric acid solution : 

2FeCI 3 +SnCI 2 =2FeCI 2 +SnCI 4 ; 

and iodine is reduced in cold acid solution : 

2l 2 +2SnCI 2 =Snl 4 +SnCI 4 

10 g. of tin, preferable as pure foil, are dis- 
solved in 200 c.c. of concentrated hydrochloric 
acid by boiling in contact with a piece of platinum 
foil, and the solution is cooled, diluted to 1 litre, 
and kept out of contact with air. 

The solution may be standardised on iodine 
(see under Tin) or on a ferric solution, according 
to the purpose for which it is required. In 
the latter case, a known weight of pure ferrous 
ammonium sulphate is dissolved in water, 
hydrochloric acid added, and the iron oxidised by 
means of potassium chlorate, the excess chlorine 
being boiled off ; the solution is cooled, diluted 
to 1 litre, and 25 c.c. used for titration. The 
solution to be titrated should be boiling and 
contain at least a quarter of its volume of 
concentrated hydrochloric acid, and the best 
method is to add a slight excess of stannous 
chloride, cool the solution, and titrate back with 
iodine. As far as possible, the process should be 
carried out in an atmosphere of carbon dioxide. 

Silver Nitrate, Sodium Chloride, and 
Ammonium Thiocyanate. — These precipitation 
reagents are used for the determination of silver, 
copper, mercury, the halogen acids, cyanides 
and thiocyanates. They are usually made of 
deeinormal concentration. A 7 / 10-silver nitrate 
is prepared from the pure dried salt and contains 
16-99 g. per litre. If it is to be used in acid 
solution (see Volhard’s process, below), it may be 
prepared by dissolving 10-788 g. of pure foil in a 
slight excess of nitric acid, boiling off nitrous 
fumes, cooling, and diluting to 1 litre. A 7 / 10- 
sodium chloride contains 5-845 g. of the pure 
dry salt per litre ; it is used in Gay-Lussac’s 
very exact method for the assay of silver (see 
Assaying). Neither ammonium nor potassium 
thiocyanate can be prepared accurately by 
direct weighing ; 8 g. of the former or 10 g. of the 
latter are dissolved in water, the solution diluted 
to 1 litre, and 25 c.c. standardised against silver 
nitrate as described below. 

Silver nitrate is used either in neutral or nitric 
acid solution. In the first case two types of 
indicator are available. 

(i) Potassium chromate is used when halides 
are being estimated (Mohr’s method). Silver 
chromate is decomposed by solutions of halides, 
forming the silver halide and metallic chromate ; 
consequently, silver chromate cannot persist 
until all the halide has been precipitated. The 
first drop of silver nitrate in excess then pro- 
duces a permanent precipitate of silver chromate, 
which gives a faint red tint to the previously 
pale yellow liquid, the change being more easily 
detected in monochromatic sodium fight. Two 
drops of a 10% solution of potassium chromate 
are added to the solution, which should not bo 
too dilute. Since silver chromate is soluble 
both in dilute acids and in ammonia, the solution 
must bo neutral or very faintly alkaline with 
bicarbonate but not with ammonia. An acid 
solution should be neutralised with calcium 
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carbonate added in slight excess, and an alkaline 
solution should be barely acidified with dilute 
nitric at id and then treated as above. If banum 
is present, it should be precipitated by sodium 
sulphate, for otherwise it reacts with the 
chromate (the banum sulphate need not be 
remov ed). 

( 11 ) Adsorption indicators may be used If 
chloride is being titrated, 10 drops of a 0 1% 
aqueous solution of the sodium salt of fluorescein 
aro added per 100 c c. of liquid ; as the silv cr 
solution is run in, with shaking, the suspension 
remains greenish-yellow until the first drop in 
excess is added, whereupon the precipitate 
assumes a pronounced reddish pink colour. 
The titrated solution should not be stronger 
than iV/20 or weaker than A'/100. and if acid, 
it should be treated with excels of sodium 
acetate. Dichlorofluoreseein is senucable for 
more dilute solutions (down to about A’/SOO), 
and is preferable if acetic acid is present in more 
than very small amount. 

For the titration of bromides, eosin (4 or 5 
drops of 1% aqueous solution of sodium salt per 
100 c c.) is used, the colour of the precipitate 
changing to magenta at the end point , slight 
concentrations of nitric acid are not inimical, 
but in any case it is better to add excess of 
sodium acetate Eosin is also available for tho 
titration of iodides (preferably diluted to about 
A’/oO), but Ice of 1% dimethyldi-iodofluores- 
ccin is better. These indicators are preferable 
to potassium chromate for the titration of 
bromides and iodides, for this indicator is not 
very good with the former and is definitely 
erroneous with the latter. 

In both types of titration, flocculation of the 
precipitate tends to obscure the end-point, and 
in order to minimise this, addition of a bttle 1% 
starch solution or of 5-10 c.c. of 0 1% chlonde- 
frcc agar solution has been recommended. 

In tho presence of nitric acid, preferably not 
less than A r /2, silver nitrate and ammonium or 
potassium thiocjnnatc arc used in conjunction 
(V'olhard, 1878). The addition of the thio- 
cyanate to the silver solution precipitates white 
silver thiocjnnatc, and in presence of a feme 
salt iVie completion of the precipitation is 
denoted by a red coloration due to ferric thio- 
cyanate. The indicator is prepared by adding 
slightly diluted nitric acid, boded free from 
nitrous gases, to a saturated solution of ferric 
alum until it is nearly colourless ; 5-10 c.c. are 
used in each titration. 

Determination of Individual Elements 
and Radicals. 

Aluminium, (a) Iodimetrically. Thencutral 
aluminium solution is treated with excess of 
potassium iodide and then with excess of potas 
sium iodate ; a measured excess of A’/ 10- 
sodium thiosulphate is then added, and the whole 
is heated on the water-bath for 10 minutes. 
Aluminium lijdroxiilc is precipitated according 
to the equation 
2AICI,+ 5KI + KI0,+3H 1 0 

= 2AI(OH)j+6KCI-f-3l I , 
and the residual thiosulphate is titrated by 
A’/10 iodine. The thiosulphate consumed is a 


measure of the acid original]} combined w ith the 
aluminium and of any “ residual acid it) " due 
to extraneous acid already present. To deter- 
mine the latter, excess of neutral potassium 
oxalate is added to another portion of tho 
aluminium salt, which is therein converted to 
a stable complex K 3 AI{Cj 0 4 ) s , and the acidity 
is determined as before. The difference gives 
the acid stoichiometric ally combined with the 
aluminium, and hence tho amount of the metv! 
itself maj bccalculitcd (Her. 1025, 58, [it], 39S) 
(b) By means of ornie (8 hydroeyijumolint). 
The neutral or feebly acid aluminium solution 
(about 0 02 g. of Al) is diluted to 150 c.c, 
warmed to 50°-G0°C , and treated with a' 
moderate excess (snfliuent to give a pronounced 
)ellovv colour) of a 2% solution of the reagent in 
2 A acetic acid to which ammonia has been 
added to produce a faint precipitate and which 
has been warmed to dissolve the latter. After 
addition of 40 g. of ammonium acetate m tho 
minimum of water, the .suspension is well stirred 
anil allowed to cool to room temperature. Hio 
precipitate is collected on a sintered glass tin* 
phragm (Jena G3), washed with hot water, and 
dissolved in concentrated h)drochlora arid. 
The ovine thus obtained from the precipitated 
AI(C 9 H 6 ON) 3 is then determined bromo- 
metrically, the reaction being essential!) : 

C 8 H,ON + 2Br i =C 9 H s ONBr,+2HBr. 

The arid solution is treated with a slight excess 
of A'/lO-potassium bromatc bromide (2 784 g 
KBr0 3 and 12g. KBrperlitre)Asshowncither(i) 
by “ spotting ' on to potassium iodide and starch 
paper or (n) by a change from green to >ellow 
produced in a few drops of added 1% indigo- 
carmine solution. After dilution of the eolation 
and addition of a few c c. of carbon disulphide 
(to avoid occlusion of iodine in the precipitate), 
a few c.c. of 10% potassium iodide nro added 
and the iodine liberated, cquiv aleiit to the excess 
bromatc, is titrated by A T /J0 thiosulphate, sfarch 
being used as indicator : I c.c. of .V/10 KBrO, 
=0 2248 mg. of Al. For other details, set 
Z anal Chcm. 1927, 71. 122, 369; 1929,70, 
135; J. Amcr. Chcm. Sor. 1928, 50, I960; 
5. Res. Nat. Bur. Stand. 1935, 15, 5" ; MAtww 
and Ward, “ Modern Methods in Quantitative 
Chemical Anal)sis,” 1932; Berg, “Das o 
Oxychinohn,” Enke, 1933. 

Separation of iron and aluminium can he 
effected by precipitating ferrous sulphide bv 
means of h)drogcn sulphide from ammonium 
tartrate solution, expelling hydrogen sulphide 
from the filtrates, and precipitating aluminium 
by oxine (Z. Pflanz. Dung. 1912, 26A, 1 ; 
Analyst, 1933, 58, 270). 

Determination of aluminium in presence oj 
iron, chromium, nickel, cobalt, copper an*' 
mol)bdenum involves their conversion into 
soluble complexes with tartaric acid and pot#< 
sium ej aiiide, followed by precipitation 
aluminium by oxine (Chem.-Ztg. 1934. 58, 
1032) For the determination of aluminium by 
oxine in minding s/eel?, see Bur. Stand J hr* 1 
1933, 10, 327, and m food, see " Deport* on 
Public Health and Medical Subjects, Ao. i 
(H,M. Stationer) Office, 1935). 

(e) A method recently suggested (Angcw. 
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Chein. 1935, 48, 589) is to precipitate aluminium 
as the arsenate, AIAs0 4 , collect and wash this, 
dissolve it in hydrochloric acid, and determine 
the resultant arsenic acid (q.v.). 

Antimony. Antimonious Solutions, (a) 
lloeheile salt (1-2 g.) and an excess of sodium 
bicarbonate are added to the solution, which is 
then titrated with A’/10-iodine. l 2 =Sb (v. 
Arsenic). 

(5) The hot hydrochloric acid solution (about 
2.V in acid and at about 80°C.) is titrated with 
A’/IO-potassium bromate, which has been 
standardised against pure antimony : 

3SbCI 3 +KBr0 3 +6HCI 
. =3SbCl s -f KBr+3H 2 0 

The end-point is shown by the bleaching of a few 
drops of methyl orange or methyl red added to 
the hot solution, a second titration being run 
with the indicator added only near the end 
(Z. anal. Chem. 1893, 32, 415 ; Chem. News, 
1907, 95, 49). 

(c) The solution (30 c.c.), containing tartaric 
acid (0-5 g.), concentrated sulphuric acid 
(5 c.c.), potassium bromide (0-2 g.), and 2 drops 
of a 0-5% solution of a-naphthaflavone, is 
titrated with N/lO-potassium bromate until the 
faintly green opalescence changes to rust-brown ; 
the indicator colour-change is reversible (Z. anal. 
Chein. 1935, 102, 111). 

(</) The cold solution (200 c.c.), containing 10, 
20, or 30 c.c. of concentrated sulphuric acid and 
30, 15, or 10 c.c. respectively of concentrated 
hydrochloric acid, is titrated with xV/10-per- 
manganate, the end-point being taken when the 
colour persists for a few seconds (Z. angew. 
Chem. 1901, 14, 1179 ; J. Amer. Chem. Soc. 
1907, 29, 6G ; J.C.S. 1933, 1). 

(e) Ceric sulphate oxidises Sb 111 quantita- 
tively to Sb' in approx. 4>A r -hydrochlorio acid 
solutions, with methyl red as indicator. 

(/) Potassium iodate oxidises Sb ln in 5 N- 
hydrochloric acid as follows : 

Sb 2 0 3 +KI0 3 +2HCI 

= Sb 2 0 5 + ICI+KC1+ H a O ; 

and a few e.e. of carbon tetrachloride are used 
to denote the end-point (see p. 658). 

Antlmonic Solutions, (a) By reduction to 
the tervalent state, and estimation by one of the 
foregoing processes. Reduction may be accom- 
plished : (i) by boiling the hydrochloric acid 
solution with sodium sulphite or sulphurous 
acid, preferably with the addition of 1 g. of 
potassium bromide (Ber. 1901, 34, 1565) ; 
(u) by boiling the sulphuric acid solution (100 
c.c. containing 5, c.c. of concentrated acid and 
7 6- of Rochelle salt) with 1-0-1 -5 g. of potassium 
iodide till nearly all the iodine is expelled, 
exactly bleaching the remainder with dilute 
sulphurous acid, diluting, rapidly cooling, and 
neutralising. The solution is then titrated in 
learbonate solution with A 7 /10-iodine (Amer. J. 
o. 1S92, 42, 213) ; (iii) the hydrochloric acid 
so ution is shaken with mercury for 1 hour in 
*n atmosphere of carbon dioxide ; As v and 

» rc not reduced (Ind. Eng. Chem. [Anal.], 
um, 5, 1). 

(M Iodimelrically . — The cold solution eon- 
aming 20-25 c.c. of hydrochloric acid in a 


volume of 100 c.c. is mixed with at least a 5-fold 
excess of potassium iodide and the liberated 
iodine titrated with N/l O-thiosulphate. l 2 =Sb 
(Z. anorg. Chem. 1908, 58, 202 ; cf. ibid. 1903, 
37, 337). 

With increasing use in chemotherapy of 
organic antimonials, convenient methods of 
estimating antimony in such substances become 
important. The substance (0 05-0-07 g.) is 
digested with 2 g. of potassium sulphate and 
3 c.c. of arsenic-free concentrated sulphuric acid 
in a loosely stoppered conical flask until the 
solution is colourless. After dilution with 25 c.c. 
of distilled water the solution is boiled for 3-5 
minutes, 2-4 c.c. of concentrated hydrochloric 
acid added, and the solution rapidly cooled 
and diluted to 100 c.c. Of this solution 25 c.c. 
are rendered faintly alkaline to litmus by a 
40% solution of sodium hydroxide, then 
acidified with 5 c.c. of 1% aqueous tartaric 
acid, and again rendered alkaline with 10 c.c. 
of a 4% solution of sodium bicarbonate. After 
adding 25-30 drops of 1% starch solution the 
antimony is estimated by titration with 0-01 
N-iodine solution previously standardised 
against sodium antimony tartrate. By titration 
of the whole solution instead of an aliquot part, 
accurate results may be obtained with as little 
as 0-02 g. of substance (Indian J. Med. Res. 
1929, 16, 457). 

The employment of organic antimonials as 
drugs in tropical diseases has led to the develop- 
ment of methods for estimating antimony both 
in the drugs themselves and in the excreta from 
patients. In the former case 0-2 g. of substance 
is mixed with 3 g. of potassium permanganate 
and treated with 15 c.c. of 50% sulphuric acid, 
and then gradually with 15 c.c. of concentrated 
sulphuric acid. The mixture is diluted with 
15 c.c. of water, boiled for 5 minutes, and de- 
colorised with a saturated solution of oxalic acid. 
After dilution to 120 c.c., 1 g. of urea and 2-5 g. 
of potassium iodide are added and the liberated 
iodine determined by thiosulphate after 15 
minutes. Towards the end of the titration the 
liquid should be diluted considerably with water 
so as to destroy a yellow coloration not due to 
iodine which otherwise persists past the end 
point (J.C.S. 1926, 3181). 

For separation of antimony from arsenic and 
tin, see p. 652. 

For rapid determination of antimony in lead- 
rich alloys, see Analyst, 1937, 62, 23. 

Arsenic. — Arsenious Solutions. — ( a) Iodi- 
melrically . — The solution, containing sodium bi- 
carbonate in excess, is titrated with A T /10-iodino 
as described under the standardisation of iodine 
solution. The bicarbonate may be replaced by 
disodium hydrogen phosphate (J. Amer. Chem. 
Soc. 1908, 30, 31). 

(6) Oxidimetrically. — (i) By titration with 
potassium bromate or potassium iodate, exactly 
as described under Antimony. (ii) In N j'l- 
sulphuric acid, oxidation of arsenious acid 
solution (100 c.c.) is effected in the cold by 
A T /1 0-potassium permanganate or ceric sulphate 
in presence of 3 drops of Af/100-osmic acid 
as catalyst ; the titration is carried out slowly, 
and the indicator used is tri-o-phcnanthrolino- 
ferrous sulphate, which is decolorised at the end- 
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point Iodine chloride can also be used as 
catalyst, or methylene-blue as indicator, pro- 
vided the concentrations of acid are suitably 
adjusted (Z. anal. Chem. 1933, 95, 305 ; J. 
Amer. Chem. Soc. 1930, 52, 901 ; 1928, 50, 
1372). 

Aiisesic Soixtions. — ( a) By reduction to the 
tcrvalent condition and estimation as above. 
Reduction may be effected (i) by heating the 
sulphuric acid solution with sulphurous acid m 
a stoppered bottle for an hour, diluting and 
boiling to expel excess of sulphurous acid (Z 
anal Chem. 1883, 22, 378 ; Chem. News, 1886, 
53, 221) ; (n) with hydnodic acid a3 described 
under Antimony, but Rochelle salt is not 
required , (lu) by’ boding the arsenate solution 
(0 25 — 0 5g in 20 c c ), with 5 c.c. of concentrated I 
acid, 2 oo of approximately A'/lO-iodme and 
02 g. of red phosphorus until all iodine is 
expelled. Excess phosphorus is then filtered off 
from the solution containing tervalent arsenic 
(Analyst, 1933, 58, 469). 

(4) By Precipitation — The neutral or acetic 
acid solution is precipitated with excess of silver 
nitrate , the precipitated silver arsenate is col 
lected, noshed, dissolved in nitric acid, and the 
silver titrated by A/ 10 thiocyanate : 3Ag= As. 

(e) Jodimelncally. — The arsenate (0 5 g.) ifl 
shaken in a stoppered bottle with 30 c.c. of 
concentrated hydrochloric acid or 12 A sulphuric 
acid and potassium iodide (0 5 g ). After 15 
minutes the liberated iodine is titrated by 
A/10-thiosulphate (Z. anal. Chem 1927, 70, 97). 

Arsenic is Arsenicals.— About 6 g of 
anhydrous 6odium carbonate and 6 g. of sodium 
peroxide are mixed and about one third of the 
total is introduced into a nickel crucible, 0 2- 
0 25 g. of the finely powdered substance is 
added, mixed by a rotatory movement of the 
crucible and covered with the remainder of the 
fusion mixture. The crucible is heated cautiously 
at first and finally raised to a dull red heat for 
6 minutes. The cooled mass is extracted with 
water into a 500 c c. conical flask, 25 c c. of 
sulphuric acid (1 : 1) are added, and the solution 
(250-300 c.c ) boiled down to 1 00 c.c. ; 1 g. of 
potassium iodide is added and boiling is con- 
tinued to expel the iodine liberated. The pale 
yellow colour is destroyed by adding a drop of 
sulphurous acid. The solution is diluted to 
100 c.c. with hot water, and arsenic precipitated 
as sulphide with hydrogen sulphide. The 
washed precipitate is dissolved off the filter 
paper into the original conical flask by 20 C c. 
of A'/ 2 sodium hydroxide and washed through 
With hot water. The combined filtrates (250- 
300 c.c.) are treated with 30 c.c. of hydrogen 
peroxide (20 vol.), heated for 10 minutes on the 
steam bath to remove excess of the reagent, and 
after addition of a drop of pbenolphthalein, 
acidified by adding 11 c.c. of sulphuric acid 
(1 : 1). The solution is again concentrated to 
100 c.c. and treatment with potassium iodide is 
repeated. The resulting concentrate, after 
being decolorised with a drop of sulphurous acid, 
is diluted rapidly with water to 100 c.c., 
neutralised with 2A T -sodium hydroxide, and 
acidified with a drop of 2A'-sulphuric acid ; 
11% sodium phosphate, equal in volume to the 
A’/IO iodine required in the titration, is added, 


and the arsenite solution is titrated with 
xY/10 iodine (J.C.S. 1909, 95, 1477). The 
arsenical compound can also be oxidised by 
ammonium persulphate (i bid. 1925, 127, 17.il). 

Separation op Arsenic, Antimony andTes. 
— (i) Material containing these three elements 
is dissolved in nitric acid and the solution 
evaporated with sulphuric acid until copious 
fumes of the latter are evolved and all sulphur 
ha3 distilled from tlie flask. To the roofed 
solution are added successively a few ce. of 
water tontaming 1*5 g. of recrystalhsed hydra 
zinc sulphate, 80 c.c. of hydrochloric acid 
(sp gr. 1 19), and 1 g. of potassium bromide. 
Carbon dioxide is passed through the flask 
and the solution is distilled through a fraction- 
ating column 15-30 cm. long filled with broken 
glass ; 80 c c. are collected in 40 minutes 
More hydrochloric acid (20-30 cc.) is added, 
and distillation continued until & further 20 c c. 
have been collected ; the latter distillate » 
diluted and titrated with A/10 potassium 
bromate after addition of 1 g. of potassium 
bromide and 2 drops of methyl orange. If only 
a drop or two of bromate is required to discharge 
the colour, all the arsenic is m the find distillate, 
which is then titrated with bromate. The 
fractionating column is washed by filling with 
hydrochloric acid and the washings are used in 
the subsequent distillation of antimony from 
the residual liquid in the flask. For this pur 
pose 7-14 c.c. of phosphoric acid (spgr 1*7) are 
added to prevent distillation of tin. The flask 
is heated until the temperature of the liquid is 
155°- 165°, carbon dioxide is passed through, 
and hydrochloric acid is dropped into the liquid 
at the rate of 1 drop per second ; the antimony 
should l>e removed in 40-50 minutes. The 
distillate is titrated with bromate as usual. To 
distil the tin from the residual liquid, the tem 
perature is maintained at 140®, and a mixture of 
1 part of hydrobromic acid (spgr, 1-40) and 
3 parts of hydrochloric acid (spgr. 1*19) is 
slowly run in beneath the surface. Distillation 
is continued until a few drops of the distillate 
cease to react with hydrogen sulphide. The 
temperature should be kept below 145° to pre- 
vent bismuth from passing over. The distillate 
is diluted with an equal volume of water, and 
the tin reduced with ferrum reduction and 
titrated with iodine (Biltz, Z. anal. Chem. 1939, 
81, 82 ; Scherrer, J. Res. Nat. Bur. Stand. 
1936, 16, 253). 

(li) Separation is based on the different 
behaviour towards silver nitrate of arsenates 
and antimonates in ammoniacal fluoride solu- 
tions ; the former are quantitatively pre- 
cipitated as AgjAsO^, but the latter do not 
react. 

The substance (0 2 g ), in a platinum dish, is 
dissolved in 20 c.c. of w ater, 5 c c, of tone, 
mtnc acid, and 2-3 c.c. of hydrofluoric acid 
(48%). The resulting solution, after dilution 
to about 100 c.c. and neutralisation of wost 
of the acid by ammonia, is covered with a 
quartz clock-glass, boiled gently, and 3 g- °* 
potassium persulphate are added in small por- 
tions in order to oxidise Sb 111 completely’ to Sb . 
The solution is diluted to 100 c.c. with" water, 
and methyl orange added, followed by strong 
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nmraonia drop by drop, until the liquid is golden, 
The solution is boiled, and the arsenic precipi- 
tated by addition of silver nitrate in sb'ght 
excess while stirring vigorously with a rod of 
Pyre.v glass until the precipitate has coagulated 
and settled completely. The clear supernatant 
liquid is tested with litmus paper, and dilute 
ammonia is added dropwise, if necessary, until 
the liquid is distinctly alkaline. After cooling, 
the silver arsenate is transferred to a sintered- 
glass crucible and washed first with a solution 
of ammonium nitrate (5 g./l.) and silver nitrate 
(0-25 g./l.), and then with a little alcohol. The 
precipitate is dissolved in nitric acid, and silver 
estimated by Volhard’s method. 

Excess of silver is removed from the filtrate 
with a minimum of dilute hydrochloric acid. 
The filtrate is poured into a quartz dish, treated 
with concentrated sulphuric acid (10-15 c.c.), 
and evaporated as far as possible on the water- 
bath ; it is then heated for a few minutes to 
strong fuming over a free flame. Sulphur (2 g.) 
is added, the dish covered, and the liquid boiled 
gently for 20 minutes : 

Sb 2 0 5 +2S0 2 =Sb 2 0 3 -f2S0 3 

After cooling, a mixture of concentrated 
hydrochloric acid (20 c.c.) and water (80 c.c.) 
is added, sulphur is filtered, off, the solution 
is diluted to 200 c.c., and antimony determined 
by titration with N/lO-potassium bromate, 
standardised on pure antimony. 

If arsenic, antimony, and tin are present to- 
gether, for example as sulphides, the precipitate, 
in a small platinum or quartz dish, is dissolved 
in boiling concentrated sulphuric acid containing 
sulphur (2 g.). The solution is diluted, treated 
with hydrofluoric acid, and filtered from the 
sulphur. Arsenic and antimony are then pre- 
cipitated by hydrogen sulphide, and separated 
as above ; tin remains in solution, and is 
precipitated by ammonia, after expulsion of 
hydrofluoric acid (McCay, J. Amer. Chem. Soc. 
1909, 31, 373 ; 1928, 50, 368). 

Barium. — The barium solution is treated 
with carbonate-free ammonia, diluted to 1 00 c.c. 
and treated at 60°-70°C. with a slight excess 
of potassium chromate solution. The precipi- 
tated barium chromate is filtered off, thoroughly 
washed, and dissolved in a measured volume of 
standard acidified ferrous sulphate solution, the 
excess of which is determined by standard potas- 
sium permanganate. Calculation is based on 
the scheme Ba -> BaCr0 4 -> H 2 Cr0 4 =3 equi- 
valents Fe. Alternatively, the washed barium 
chromate is dissolved in A/2-hydrochloric acid, 
- g. of potassium iodide arte added, and after 
a few minutes the liberated iodine is titrated. 

. Barium solutions may also be titrated directly 
In *° standardised sulphuric acid if a few drops of 
?-% aqueous sodium rhodizonate are added as 
indicator. The red colour changes at the end- 
point to yellow in neutral solution or colourless 
in acid solution. The titration is reversible 
ion indicator is used externally (Analyst, 

-93, 58, 752). Addition of ammonium chloride 
inipr° v es the end-point (Z. anal. Chem. 1936, 
195, 346). Tctrahydroxyquinone has also been 
p, Rs an indicator in this process (Ind. Eng. 
99cm, [Anal.], 1933, 5, 403 ; 1936, 8, 127). 


Beryllium. — To the carefully neutralised 
beryllium solution, which does not contain 
metals yielding insoluble hydroxides, is added a 
known volume (excess) of A r /10-hydrochloric 
acid, followed by potassium iodate and iodide 
in excess. The solution is swirled, sodium 
bicarbonate is added, and the liberated iodine 
is titrated by arsenious acid [Analyst, 1935, 60, 
291 ; cf. Aluminium (a) p. 650], 

Bismuth. — (a) The metal is precipitated by 
shaking the bismuth solution during 20 minutes 
with aluminium powder (0-1 g.) and potassium 
hydroxide (7 g.) ; the solution is then boiled to 
dissolve the excess of aluminium. The bismuth 
is filtered off, washed with hot water, and added 
with its filter paper to 25 c.c. of 3JV-hydrochloric 
acid containing 3 g. of hydrated ferric chloride. 
After all the bismuth has dissolved, the ferrous 
iron (3FeCI 3 -f Bi=3FeCI 2 + BiCI 3 ) is titrated 
by A7/ 10-dichromate. 

(b) Bismuth is precipitated by 

[Cr(NH 3 ) 6 ](N0 3 ) 3 

from bromide solution as [Cr(NH 3 ) 6 ][BiBr 6 ], 
which is distilled with alkali, and the ammonia is 
determined acidimetrically in the distillate (Z. 
anal. Chem. 1933, 93, 433). 

(c) Bjsmuth is precipitated by oxine as 
Bi (C 9 H 6 ON) 3 and titrated [sec Aluminium (6)] 
in solution exceeding 3 N- in acidity (Z. anal. 
Chem. 1927, 72, 177 ; 1935, 103, 261). 

( d ) BiOCI, precipitated in slightly acid tar- 
taric acid solution, is collected, washed, dissolved 
in nitric acid, and the chloride determined by 
Volhard’s method (Chem.-Ztg. 1933, 57, 77.4). 

Boron. — (a) v. Acidimetry and Alkali- 
metry (p. 645). 

(6) Boric acid may be titrated in solution, 
carefully neutralised by iodate-iodide, by in- 
creasing the acid character of the boric acid by 
addition of mannitol. 

To the borate solution, slightly acidified by 
hydrochloric acid, are added 5 c.c. of 10% 
barium chloride solution to remove carbon 
dioxide, followed by 20 c.c. of potassium iodide 
(2-5 g.) in saturated potassium iodate solution. 
Free iodine is then exactly removed by thio- 
sulphate, and all boric acid is then liberated. 
A few drops of phenolphthalein are added, 
followed by iY/5-sodium hydroxide from a 
burette until the solution is distinctly alkaline. 
A little mannitol is introduced, which bleaches 
the colour, and more alkali and mannitol are 
added in turn until the colour change is per- 
manent : B„0 3 =2Na0H (Amer. J. Sci. 1899, 
7, 147). 

(c) Boron which has been separated as methyl 
borate (see Gravimetric Analysis, p. 591) is 
determined by diluting the methyl ester and 
methyl alcohol with water, allowing it to stand 
for a few minutes to complete its hydrolysis, 
adding mannitol and titrating as above. 

Bromine. — A critical study (J. Appl. Chem. 
Russ. 1934, 7, 852) of the methods of deter- 
mining bromide in presence of chloride and 
iodide selects that of Szabo (Z. anal. Chem. 
1931, 84, 24) as the best. Iodide is removed as 
iodine by adding sodium nitrite and sulphuric 
acid and boiling. The bromide (<0 02 g.) is 
then oxidised to bromate by treatment with 
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2 g. of potassium bicarbonate and chlorine 
water, containing at least 0 3 g. of chlorine, and 
ev aporation to dryness w ithout boiling, and the 
bromate is determined lodimetncally. 

Edwards, Nanji, and Parkea (Analyst, 1936, 
61, 743) describe methods applicable to the 
determination of 10-100 mg. of bromide in 
presence of (i) 500 mg of chloride and/or 
(n) 100 mg. of iodide (all as potassium salts). 
\\) The bromide in about 50 c.c. is oxidised by 
2 c.c. of A' potassium permanganate in presence 
of 1 c.c. of syrupy phosphoric acid, and the 
liberated bromine is at once rapidly aspirated 
during half an hour through two absorption 
tubes in series each containing 130 cc. of 1% 
potassium iodide solution, and the resulting 
iodine is titrated with 0 02 -V thiosulphate 
(u) If iodide is present, it is oxidised to lodate 
by use of 9 c c. of the permanganate, and 
aspiration is started after 10 minutes’ standing 

Cadmium (l) To t he solution, acidified with 
sulphuric acid and containing a few drops of 
sulphurous acid, 5 g of Rochelle salt and 3 g 
of potassium iodide, is added an aqueous 2 5% 
solution of pheuvltrimetlijlammonium iodide 
After standing for at least 6 hour*, the cream- 
coldurcd precipitate is filtered off on to a sintered 
glass crucible (Jena G4), and washed with 5 
successive portions, each of about 5 cc,of a 
solution of 1 g of potassium iodide and 1 g. of 
the reagent in 200 c c. of water The precipitate 
is dried by suction as completely as possible, 
and then dissolved in the crucible in 20 c.c. of 
approximately 2A' ammonia solution ; the 
solution is sucked through and rinsed completely 
into a filter flask Hy drochlonc acid 19 added in 
sufficient amount to be at least normal at the end 
of the titration, followed by 10% potassium cyan- 
ide (5 c.c.) and starch solution. The solution is 
then titrated with J//40 potassium lodate until 
the blue colour, which first develops, finally dis. 
appears. The reactions may be summarised thus. 

[Ph(CHj)jN]jCdl«-*-4NH t 1-> 4HI 
2[2HI + H IO a +3HCN— 3rCN+3H t O] 
Zinc docs not interfere. The method can be 
nppbid to the determination of cadmium in 
syicltcr and in zinc ores, interfering elements 
being removed by means of metallic iron 
(Analyst, 1933, 58, CG7). /3-NaphthaquinoIine 
lias been used similarly in the determination of 
cadmium in presence of zinc (Ber. 1927, 60, 
1G64); the 2 5% reagent solution (in A'/2- 
sulphuric acid) is added to the cadmium solution 
prepared as above, together with a few drops of 
sulphurous acid solution. After 20 minutes 
the precipitate (C,jH,N),HjCd l 4 is collected, 
washed with 10 cc. of A’/5 potassium iodide, 
10 c.c. of the reagent solution, and 2 drops of 
dduto sulphurous acid diluted to 100 c.c., and is 
then decomposed and titrated as above. 

(u) Cadmium can be determined as described 
under Cobalt (<f) (p. 636), but in this case 
the precipitate is Cd(C s H 1 N) l (CNS) t (Z. anal. 
Chcm. 1934, 99, 2G). 

(iu) Saturated ammonium carbonate precipi- 
tates cadmium carbonate, but not zme or copper 
carbonate ; the CdCOj can be washed, dis- 
solved in standard acid, and the excess acid 
titrated (1934 A , 1191) 


Calcium. — By permanganate. — The oxalate, 
precipitated from a hot slightly ammoniaca! sol*, 
ution [see Gravimetric Methods, p 5S8),ia washed 
with warm water till free from ammonium 
oxalate, decomposed w ith hot dilute sulphuric 
acid, and the oxalic and titrated with A’/10 
permanganate. The precipitate may aho I* 
dissolved in dilute hydrochloric and, and the 
solution titrated with permanganate, 03 g 
of manganese sulphate being added if this acul 
is used 

Fret Limt in cement and sand bricks is com 
pletcly extracted ty warming at G0°- SOT. for 
sev eral hours w ith gly ccrol. The solution after 
dilution with alcohol is titrated with benzoic 
acid (J S C.I. 1930, 49, 360T). Another method, 
used for fertilisers, is described on p. 044). 

Carbon. — Carbon Dioxide r. Acimmetby 
and Alkalimetry (p. 645), and Gas Analysis 
(P 677). 

Cyanocen Acids. Cyavates — The cold, 
dilute solution is exactly neutralised with 
A T /I0-hy drochlonc acid (using methyl orange or 
Congo red as indicator), excess of seal is added, 
the solution boiled for ten minutes, cooled, and 
titrated back by A’/IO sodium hydroxide. 
Excess of A’/10 sodumi hydroxide" is then 
added, the solution boiled to expel nmmonli, 
and titrated back with A'/ 10 hydrochloric and. 
From these data two values for the cyanate can 
be calculated, which serve to check one another 
(Chem News, 1900, 93, 5 , cf Z angew Chcm. 
1901,24,583, J.Soc Chcm Ind 1904,23,244). 

KCNO+2HCI+H 2 0=KCI+NH 4 C1+CO, 

Cyanides — (a) By Precipitation — (i) Excess 
of A’/10 silver nitrate is added to the neutral 
cyanide solution, and then a little nitric and 
The excess of silver is titrated with A’/IO 
thiocyanate after filtering off the silver cyanide, 
(n) The neutral solution (0 2-03 g. HCN in 
250 cc) is treated with 5 cc each of 10% 
potassium iodide and 10% sodium hydroxide 
and titrated with A'/10 silver nitrate with con 
stant stimng till a permanent turbidity is pro- 
duced, as shown best by using a blub hick- 
ground. This marks the end of the reaction : 

2KCN -t-Agtl O, =HNQ 1 +KAg(CN), 

(b) See Ferrocy anidcs (c) (j> 655). 

(c) Determination in Presence of Stlrcr and 
Chlorides. — The excess of cyanide above that 
required to form KAg(CN) 2 is titrated by 
A’/IO iodine in presence of 5 g. of sodium chlondo 
and a few drops of dilute ammonia until a faint 
permanent turbidity' is produced ; the reaction 
is KCN+ I*=K1+ ICN. 

The solution is then diluted to about 1 litre 
with tap-water, starch solution is added, and 
titration is continued with A'/10 iodine until the 
solution turns blue : 

KAg(CN)j+2lj=KI-fAgl + 2ICN 
(■J C S. 1929, 2037). 

Ferricyamdes — (a) The salt w reduced to 
ferroi yanide by boiling with sodium hydroxide ; 
the filtered solution it strongly acidified with 
sulphuric acid and titrated with A’/10 perman- 
ganate (t. Ferrocyamdes (a)). Reduction may 
also be effected by boding w ith sodium peroxide 
(Arch. Pharra. 1894, 232, 220). 



655 


CHEMICAL ANALYSIS. 


(b) Iodiinetrically . — The ferricyanide in 25 c.e. 
of 2A’-sulplniric or _ hydrochloric acid is mixed 
with 2-3 g. of potassium iodide and 2 g. of zinc 
sulphate, and the iodine liberated is titrated by 
A'/lO-thiosulphate in presence of starch (Z. anal. 
Chem. 1921, 60, 454). 

Eerrocyanides. — (a) By Oxidation. — The 
solution (150 c.e.) in approximately A T -suIphuric 
acid is titrated with A'/lO-permanganate or ceric 
sulphate in presence of 5 drops of 1% diphenyl- 
amine solution until the colour changes from 
yellowish-green to a deep brown (Analyst, 1929, 
54,401). 

(b) Iodiinetrically . — Excess of A r /10-iodine is 
added to the neutral solution (150 c.e.) at 40 C C., 
and the excess is determined by thiosulphate in 
presence of starch, the colour of the solution 
finally becoming a clear yellowish-green. 

(c) By Conversion into Hydrocyanic Acid . — 
The fcrrocyanide solution is boiled for 5 minutes 
with 10 c.e. of A r -sodium hydroxide and 15 c.c. 
of 3J/-mngnesiuin chloride, 100 c.c. of boiling 
jl//10-mcrcuric chloride are then added, and the 
boiling continued for 10 minutes. The mercuric 
cyanide produced is distilled for 30 minutes with 
30 c.c. of 4A’-sulphuric acid, the hydrocyanic 
acid collected in 25 c.e. of A r -sodium hydroxide, 
a little potassium iodide added, and the cyanide 
titrated with A’/10-silver nitrate (Feld, Chem. 
Zcntr. 1903, ii, 1398 ; Analyst 1908, 33, 261 ; 
1910, 35, 295). 

Thiocyanates. — ( a ) By Precipitation. — As in 
standardising ammonium ..lioeyanate solution ; 
the thiocyanate must be added to the silxer 
nitrate, and not vice versa, since nitric acid 
decomposes thiocyanates. 

(b) By Oxidation. — (i) The thiocyanate is 
titrated in concentrated hydrochloric acid solu- 
tion with potassium iodate, in a stoppered bottle, 
with vigorous shaking. The end-point is reached 
alien 5 c.c. of chloroform previously introduced 
are no longer coloured by iodine (J. Amer. Chem. 
Soe. 1908, 30, 7G0). The concentration of the 
acid should be 4-5A r . The method is usually 
applied to cuprous thiocyanate : , 

4CuCNS+7KI0 3 +14HCI 

= 4CuS0 4 +7KCI+71CI + 4HCN + 5H 2 0 ; 

hut this is not typical, as the cuprous ion is also 
oxidised, (ii) The thiocyanate solution is treated 
"ith 1 c.c. of syrupy phosphoric acid and 
sufficient bromine to give a yellow colour. 
After 2 minutes 2 c.c. of saturated aqueous 
phenol solution are added and, after the mixture 
has stood for 15 minutes in the dark, potassium 
iodide is added and the liberated iodine titrated 
by thiosulphate : 

KCNS+4Br„+4H„0 

= KHS0 4 +7HBr+ BrCN 
BrCN+2KI---KBr+KCN + l 2 

Cyanide does not interfere (Z. anal. Chem. 1923, 
62, 337). 

Cerium.— («) Iodiinetrically . — Ceric oxide is 
"armed with concentrated hydrochloric acid 
and potassium iodide in a stoppered bottle until 
complete solution is effected. The liberated 
iodine is then titrated with A’/10-thiosulphate. 
In order to oxidise cerous salts prior to use in 
this method, 2lK) c.c. of solution, containing 


about 0-2 g. of cerium, are treated first with 
5 c.c. of concentrated sulphuric acid, then with 
3 g. of ammonium persulphate, followed by a 
few drops of iV/l 0-silver nitrate ; it is then 
boiled for 10 minutes, cooled, and titrated after 
addition of potassium iodide (Annalen, 1858, 
105, 49 ; J. Amer. Chem. Soc. 1928, 50, 1379). 

( b ) By Ferrous Sulphate. — The cerium is 
oxidised by sodium bismutkate (J. Amer. Chem. 
Soc. 1909, 31, 523) in boiling sulphuric acid 
solution to ceric sulphate, and the filtered solu- 
tion is reduced by adding standardised ferrous 
sulphate until the deep orange colour has nearly 
faded. Ten drops of 0-1% aqueous xylene 
eyanol EE are then added, and titration is 
continued until the orange colour changes 
sharply to green. 

(c) By Permanganate. — Ceric salts are reduced 
by addition of an excess of standardised 
hydrogen peroxide ; when the yellow colour has 
disappeared, the excess is titrated by A r /20 
permanganate (not stronger) (Z. anal. Chem. 
1897, 36, 685 ; 1903, 42, 448). 

Chlorine. — v. Halogens. 

Chromium. — The chromium should be in the 
form of chromate. 

(а) Iodiinetrically. — (i) To the chromate in 
approximately A , /2-hydrochlorie acid are added 
2 g. of potassium iodide. After standing for a 
few minutes, the solution is diluted and the 
liberated iodine titrated by A’/lO-thiosulphato 
in presence of starch : 3 1,=2Cr. Eor accurate 
results, it is best to displace air and maintain 
an atmosphere of carbon dioxide by addition of 
a few small portions of sodium bicarbonate to the 
acid solution. 

(ii) Snethlage (Rcc. trav. ehim. 1934, 53, 
567) finds sulphuric preferable to hydrochloric 
acid : the equivalent of 200 mg. of K 2 Cr 2 0 7 
in 50 c.c. of water is treated with 4 c.c. of 9A T - 
sulphuric acid in a large long-necked flask, and 
50 c.c. of 0-4A , -potassium iodide are slowly 
(about 20 seconds) poured down the neck into 
the swirling liquid. The liberated iodine can 
be titrated forthwith. 

(б) By Reduction (i) with ferrous ammonium 
sulphate, of which a slight excess is added to the 
chromate solution containing sulphuric or hydro- 
chloric acid, the excess of ferrous salt being 
then titrated with A T /10-dichromate ; (ii) with 
titanous chloride (t>. Preparation of Standard 
Solutions (p. 649) ; also J.S.C'.1. 1908, 27, 673). 

Chromium in Chrome Steel, Stainless Steels, and 
Ferrochrome. — (i) The sample (0-2 g.) is dissolved 
in a minimum of nitric acid (sp.gr. 1-2) ; if it 
is insoluble, procedure (ii) is used. The solution 
is diluted to 50 c.c., 1 g. of silver nitrate and 
10 g. of ammonium persulphate are added, and 
the solution is boiled for 5 minutes. Ammonium 
chloride (0-25 g.) is added and the solution, con- 
taining precipitated silver chloride, is Ixfllcd to 
decompose any permanganic acid. After cool- 
ing and dilution to a delinite volume, an aliquot 
portion is titrated as in {b) (i) above (<T.C.S. 
1907, 91, 1846). 

(ii) To a 0-5-g. sample of the finely divided 
steel in a conical flask (500 c.c.) arc added 10 c.c. 
of a mixture of 1 vol. of 72% perchloric acid and 
2 vols. of 85% phosphoric acid. 'The mixture 
is heated at 175'-18.Y0. for 3-5 minutes ; the 
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steel dissolves completely and all chromium is in 
the tervalent condition. 15 c c. of a mixture 
of 1 vol. of 72% perchloric acid and 2 vols. of 
80% sulphuric acid are added and the tempera 
ture is raised to 205 C C. ; oxidation to Cr VI is 
complete after 10 minutes. Potassium per- 
manganate (10-20 mg) is added, and the solu- 
tion is rapidly cooled in ice cold water. It is 
then, boiled for 5 minutes after dilution to 
60-70 c.c. v ith w ater and addition of 0 5 c c. of 
concentrated hydrochloric acid. It is finally 
cooled by diluting to 250 c.c. with ice cold water 
and titrated as in (6) (i) above (JJS C I 
1935, 54, 185 ; Ind. Eng. Chem. [Anal.], 
1930, 2, 126 ; see also Analyst, 1934, 59, 609) 

See also Manganese and Vanadium. 

Chromium tn Chrome Tanned Leather. — The 
leather is destroyed and the chromium is 
oxidised by perchloric acid in presence of osmic 
acid as catalyst ; chromate is then titrated (J. 
Atner Leather Chem Assoc. 1935, 30, 442). 

Chromium in Chromite. — The valuation of this, 
the only important ore of chromium, is usually 
effected by a volumetric method The finely 
powdered ore is fused with potassium pyrosul- 
phatc in a silica crucible. The melt is leached 
with dilute sulphuric sad, metals precipitated 
by hydrogen sulphide are removed, and after 
oxidation with mtnc acid, chromium and other 
hydroxides are precipitated by ammonia The 
precipitate is filtered off, washed, dissolved in 
dilute perchlonc acid, evaporated until oxidation 
to chromate is effected, and then titrated as 
above. 

Cobalt. — (a) The cobalt solution in a 500 c c. 
conical flask, containing 1-2 g of sodium 
perborate, is neutralised with 6A’-sodium 
hydroxide and a further 10 c c. are added , 
Co(OH), is precipitated with effervescence. 
The mixture is boiled for 10 minutes to deeom 
pose excess perborate and, whilst the solution 
is still boding, the flask is closed by a rubber 
stopper carrying a tap funnel with its tap open 
As soon as heating is stopped, the tap is closed 
and a measured volume of standard femms sul- 
phate in excess is placed in the funnel. The tap 
is opened and the solution is drawn into the 
ttaat, Wt. aw ys trot, altowed to wAtr. The 
funnel ia rinsed w ith vv ater, similarly added, the 
flask is shaken, and 25 c.c. of 6A'-sulphunc acid 
are run in, the precipitate rapidly dissolving 
After the flask has cooled to room temperature, 
the stopper is removed, 3—4 c.c. of syrupy 
phosphoric acid are added, and the excess 
ferrous iron is titrated with A’/ 10 diehromate 
with barium dipbenjlammesulpbonate as indi- 
cator : Co=Fe (Sarver, Ind. Eng. Chem. [Anal.], 
1933, 5,275 ; see also J. Amer. Chem. Soc. 1922, 
44, 2237 ; Ind. Eng. Chem 1916, 8, 901 ; 
Notuurwetenscli. Tijds. 1929, 11, 123). 

(6) By Double Cyanide Formation. — See 
Nickel (a) (p 663), but the cobalt complex 
requires 5KCN per atom of cobalt. 

(c) By Precipitation with ferrocy anide, as 
described under Nickel (5). 

(d) In presence of pyndme, a measured excess 
of standard thiocyanate precipitates 

Co(C s HjN) 1 (CNS) 2 , 

which is filtered off, the excess thiocyanate being 


determined by' silver nitrate (Ind. Eng Chem 
[Anal.], 1934, 6, 459 ; see also Spaeu and Kura! 
Bull. Soc. §tnnte Cluj, 1934, 7, 377) 

Cobalt i a Ores — See J. Iron and Steel Inst. 
1918, 97, 441 ; Analyst, 1919, 44, 276. 

Copper.— (a) Iodimetrically.— To the solution 
(25 c c ) of cupnc salt, preferably neutral or 
containing acetic acid, are added 2-3 g. of 
potassium iodide, and the liberated iodine is 
titrated by A’/10-thiosulphate, starch being 
added towards the end of the reaction : 

2CuS0 1 +4KI=2K J S0 t +2Cuf+J 1 

The end-pomt is improved by addition of 1 
drop of A’/10 silver nitrate or a few c c of 
A'/ 10 -potassium thiocyanate added near the 
end pomt (J. Amer. Chem. Soc 1935, 57, 845 ; 
Chem. Weekblad, 1935, 32, 509). 

(6) By Titration unth Potassium Cyanide 
(Stembecl's Process) — The ammoruacal copper 
solution is titrated with potassium cyanide until 
colourless (c Brearlcy, Chem News, 1897, 76, 
189; it should contain 2 5% of ammonium 
chloride to avoid low results (Chem.-Ztg 1934, 
58, 712) 

(c) By Precipitation as Thiocyanate —The pre 
cipitated CuCNS ( see p. 5SG) is filtered off on 
asbestos, the mat transferred to a bottle and 
titrated Thiocv avates (p 055) 

Id) By Reduction to Cuprous Salts —To the 
sulphuric or hy drochlonc acid solution, 10-20 c c, 
of 10% potassium thiocyanate and a little 
ferrous salt are added , a deep red coloration is 
produced, since ferrous salts in acid solution are 
partly oxidised hy cupric salts The cold solu. 
tion is titrated with titanous chlonde until 
the red coloration is destroyed (JCS 1906. 
89, 1491) Alternatively, a slight excess of 
titaroui < hlonde may be added, and titrated 
back with standard feme alum. 

Fluorine.— ( q) By Precipitation as Lead 
Chlorofiuonde . — To the neutral solution (250 
c c.), containing 0 01-0 1 g. of fluoride ion, an? 
added 10% sodium chloride (3 c.c) and nitric 
acid until the solution is just acid tobromophcnol 
blue, followed by sodium hydroxide until it is 
just alkaline. Concentrated hydrochloric acid 
(1 c v.) and lead nitrate (5 g V are added, the 
solution is heated, and as soon as the solid has 
dissolved, Bodium acetate (5 g ) is stirred in. 
Heating is continued on a steam bath for 30 
minutes and the solution is allowed to stand 
overnight. The supernatant liquid is decanted 
through a filter (Whatman No 42) and the 
PbCIF is washed once with cold water, then 
four times with a col d saturated solution of lead 
chlorofiuonde, and finally with cold water. The 
filter paper and precipitate are placed in the 
beaker in which precipitation was earned out, 
100 c c. of nitric acid (5%) are added, and the 
mixture is heated on a steam-bath with stirring 
for 5 minutes to disintegrate the paper and to 
dissolve the precipitate. Silver nitrate solution 
{A’/IO) is added in slight excess and heating » 
continued for 30 minutes. Tiie solution is then 
cooled, silver chlonde is filtered off, and the 
excess silver is titrated by A’/IO thiocyanate > 
1 c.c. of A'/10 silver mtrate=0 0019 g. ©* f • 
Aluminium and iron must be absent, but phos 
phates, carbonates, sulphates, and chromates am 
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without effect (Bur. Stand. J. Res. 1929, 3, 
681 ; Z. anal. Chem. 1933, 95, 225 ; 1934, 99, 
21 • Z. anorg. Chem. 1911, 70, 173 ; J. Amer. 
Chem. Soe. 1915, 37, 2509 ; Ind. Eng. Chem. 
1924, 16, 938 ; 1926, 18, 573). 

(b) Iodimelrically. — Ferric fluoride, unlike 
ferric chloride, does not liberate iodine from 
potassium iodide. 

The fluoride solution (100 c.c.) in a stoppered 
bottle is made just acid to methyl red by hydro- 
chloric acid, and there are added 20 c.c. of 20% 
sodium chloride solution and a measured excess 
of 0 0811-ferric chloride solution, followed by 
2 c.c. of iV-hydrochloric acid and 10 c.c. of 5% 
potassium iodide solution. The bottle is im- 
mersed in water at 38°C. for 30 minutes, then 
cooled rapidly and the iodine titrated by N/ 30- 
thiosulphate. A blank is carried out on the 
ferric chloride under identical conditions and 
fluoride is obtained by difference : Fe=3F 
(Ind. Eng. Chem. 1931, 23, 996 ; Ber. 1913, 
46, 2611). 

(c) A volumetric process, almost specific for 
fluorides, depends on the use of standard 
thorium nitrate, with zirconium alizarin- 
sulphonate as indicator. The latter reagent is 
made by mixing 3 parts of a solution of 1 g. of 
Zr(N0o) 4 ,5H 3 0 in 250 c.c. of water until 2 parts 
of a solution prepared from 1 g. uf sodium 
alizarinsulphonate treated with 100 c.c. of ethyl 
alcohol, filtered, and 150 c.c. of\, ethyl alcohol 
added ; the resulting solution is ccjlojRd violet- 
red. To a soluble fluoride solujticm (about 20 
c.c.) are added 3 drops of indicator Wd just 
sufficient dilute hydrochloric acid to destroy the 
colour. After introduction <ST an equal volume 
of ethyl alcohol, the solution is titrated with 
standard thorium nitraj^ (IV/ 10 or IV/100, 
standardised by pure sodium fluoride as in the 
method) until the colour reappears. 

When interfering elements are present, the 
fluoride is first distilled with perchloric acid and 
glass, sufficient water being added to make the 
solution boil at 110°C., and distillation is con- 
tinued until the temperature reaches 135°C. 
More refractory fluorides are first broken up by 
alkali fusion (Ind. Eng. Chem. [Anal.], 1933, 5, 
7, 17 ; Z. anorg. Chem. 1926, 152, 213). 

(d) A rapid method (J. Appl. Chem. Russ. 
1933, .6, 939) consists in adding to the fluoride 
solution an excess of silica, followed by con- 
centrated hydrochloric acid in slight excess as 
denoted by methyl orange ; after being made 
neutral by O-SA'-potassium hydroxide, the 
solution is treated with 10 c.c. of 4IV-calcium 
chloride and titrated (to phenolphthalein) with 
alkali: OH'=F'. 

Gallium. — By Oxine. — See Z. anorg. Chem. 
1932, 209, 129. 

Gold. — (a) Iodimetrically. — The auric solu- 
tion, containing about 0-015 g. of gold in 25 c.c. 
of solution, is treated with potassium iodide in 
more than sufficient quantity to dissolve the 
aurous iodide first precipitated, and the iodine 
liberated is estimated with N/100-thiosulphate 
(Amer. J. Sci. 1899, 8, 261 ; Z. anorg, Chem. 
1899,19,63). 

(6) By Permanganate . — The auric chloride 
solution (free from nitrate and nearly neu- 
tralised to ammonia) is treated with Nj 10- 

Vol. II .- — 42 


potassium oxalate or A 7 /10-ferrous sulphate (in 
feebly acid solution) and kept on the steam-bath 
until all the gold is precipitated ; the excess of 
precipitant is then titrated by A T /10-perman- 
ganate. 

Halogens. — The term is restricted iri this 
connection to chlorine, bromine, and iodine, 
fluorine being treated separately, since its 
analytical reactions are quite different. 

Estimation of Hat.oof.ns. — Iodine is esti- 



mated by solution in potassium iodide and titra- 
tion with IV/10-thiosulphate (v. Preparation op 
Standard Solutions (p. 648)). Bromine and 
chlorine are absorbed in potassium iodide 
solution setting free an equivalent quantity of 
iodine, which is titrated with thiosulphate. 

A large number of substances, e.g. peroxides, 
chlorates, chromates, etc., may be readily 
determined indirectly by distillation with con- 
centrated hydrochloric acid, the available 
oxygen of the com- 
pound setting free 
it3 equivalent of 
chlorine, which is 
absorbed in potas- 
sium iodide, and 
the liberated iodine 
titrated with Nj 10- 
thiosulphate. It is 
necessary to ex- 
clude air in the 
process of distilla- 
tion, sinceit liberates 
iodine from hydro- 
gen iodide set free 
in the receiver, by 
the hydrogen chlor- 
ide distilling over 
during the experi- 
ment. The apparatus 
originally designed 
by Bunsen for this 
purpose is now rarely 
used. The absorp- 
tion vessel is re- 
tained in Hempel’s modification of it (Fig. 3), 
but it is often preferable to use two sets of 
absorption bulbs in series (Fig. 4), and Bunsen’s 
small flask, connected to a delivery tube by a 
wide piece of rubber tubing, is now always 
replaced by a flask with a ground-in delivery 
tube, sometimes with a cup for a water seal. 
The flasks are designed for controlled addition 
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of acid (Fig. 4), and a particularly useful form, 
shown in Fig. 5 (Analjst. 1908, 33, 117), admits 
of the passage of a current of steam, carbon 
dioxide, or other gas during the distillation. 

Estimation of Halogens in Halide Saits. 
—By Precipitation — (i) Mohr's Method — The 
neutral solution is titrated with A’/IO silver 
nitrate in the presence of a fen drops of potas 
sium chromate as indicator (r. Preparation of 
Standard Solitions (p. (549). It is advisable to 
perform a blank experiment under identical con 
ditions, to allow for the silver nitrate necessary 
to bring out the reddish coloration. The end 
point is poor for iodide solutions. 

(u) Adsorption Indicators (r. Preparation of 
Standard Solutions (p 650)) — Chloride, bro- 
mide, and iodide may be titrated by standard 



silver solutions with fluorescein or dichloro 
fluorescein as indicator. With a suitable choice 
of indicator, one halide may be titrated selec 
tively in presence of another, e g. iodide maj be 
titrated in presence of chloride with Rose Bengal 
as indicator (see p. G59). Chloride and bromide 
may be titrated with standard mercurous 
nitrate with bromophenol-blue ns adsorption 
indicator (Z. anorg. Chcm. 1929, 184, 237 , 
J. Atncr. Cbem. Soc. 1934, 56, 1881). Other 
lialide or thiocyanate titrations invoke, for 
example, the use of tnrtrazine and phenosafra- 
nme (Analjst, 19.10, 55, C13), Victoria. a lolet 
(Chcm. Weckblad, 1929, 26, 6), and diphenyl* 
carbazide or diphenylcnrbaznnc (Z. angew. 
Cbem, 1929, 42, 284, 429 , Mikrochera. 1932, 
12,315 ; 1934,15,95 ; Analjst, 1933,58, 331 ; 
Z. anal. Cbem. 1933, 93, 345 ; 1935, 101. 31). 

(m) V of hard's Method.— The nitric acid solu- 
tion of the halide is precipitated by adding a 
alight excess of A’/10 silver nitrate, the excess 
being then titrated with A’/IO ammonium 
tbioijanate. biker chloride must be fdtired 
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off, or coagulated bj’ boiling or shaking with a 
few c.c. of ether or nitrobenzene, before the 
titration is performed ; but silver bromide and 
iodide do not undergo a corresponding com- 
plicating reaction with thioejanate. It « 
advisable to titrate iodide in a stoppered bottle 
with vigorous shaking when adding both the 
silver solution and the thiocyanate, to minimise 
error due to occlusion. It is more accurate to 
weigh out a very slight excess of pure silver, dis. 
solve it in nitric acid (carefully expelling nitrous 
acid, which interferes with the indicator), and 
add to the halide solution than to measure out 
A T /10 silver nitrate. After vigorous r baking, 
the excess of silver is then titrated with a dilute 
thioejanate solution (1 c.e.*=l mg Ag). 

Iodides. — Iodmetncally — (i) A slight excess 
of potassium iodate is added, and the solution 
acidified with dilute sulphuric acid. The 
liberated iodine is extracted with chloroform, 
carbon disulphide or toluene, the extract is 
separated, and titrated with jV/J 0 thiosulphate. 
A weaker acid than sulphuric may be emploj ed, 
e g acetic or tartaric acid. Five-sixths of the 
iodine found was originally present as iodide. 
This method is available in the presence of 
bromide and chloride, if acetic acid be em- 
ploj ed. 

(ii) Andrews' Method . — To the iodide solu- 
tion, occupj’ing about 100 coma stoppered 
bottle, arc added an equal volume of concen- 
trated hydrochloric acid and 5 c.c of carbon 
tetrachloride or chloroform Standard potas- 
sium iodate [M / 40 or J//20) » run in with 
swirling -until the solution, which is at first 
6trongly coloured with iodine, becomes pale 
brown. Additions of iodate are continued until 
the violet colour of the solvent iaj er is only faint, 
and then drop by drop, shaking after each drop, 
until the solvent layer loses the last trace of 
violet. The reaction may be summarised thus : 

2HI+HI0 3 +3HCI=:3ICI+3H 1 0 
Ceric sulphate or chloramine T may be u'ed 
instead of potassium iodate. Lang's estimation, 
based on the analogous reaction 

2HI+HIOj+3HCN=31CN-|-3H 1 0, 
is carried out us follows : To the iodide solution, 
contained in a long-necked flask, is added 
sufficient hydrochloric acid to make the aciditj 
approximate^- normal at the end of the titration. 
5 c c. of 10% potassium cyanide and starch 
solution are introduced, and the solution is 
titrated by standard potassium iodate until the 
blue colour disappears (J. Aracr. Chcm. Soc. 
1903, 25, 750 ; Z. anorg. Chem. 1922, 122. 
332 ; J. Amer. Chem. Soc. 1930, 52, 899 ; 
Analjst, 1934, 59, 736). 

Estimations of Haiooens in Oxv halogen 
Compounds — (n) By deduction to n halide salt 
and determination of the latter. Iodates are 
reduced bj adding sulphurous acid to the sul- 
phuric acid solution of the iodate until the 
separated iodine is redisSohed ; an excess of 
A’/I0 silver nitrate is added to precipitate the 
iodide, the mixture boiled w ith excess of nitric 
acid, and finally the excess of silver titrated 
with A’/ JO thioejanate. Bromates arid chlorates 
arc reduced bv adding an excess of iron filing* 
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to the sulphuric acid solution ; after an hour, 
excess of A r /10-silver nitrate is added, the 
mixture boiled with nitric acid to oxidise the 
ferrous salt, and the excess of silver titrated 
(Amer. Chem. J. 1904, 32, 242). Chlorates in 
25% sulphuric acid solution are reduced to 
chloride by 10 minutes’ shaking with zinc 
amalgam ; bromales and iodates are reduced in 
3 minutes in 3-5AVacid solution. Jannasch 
(Her. 1905, 38, 1576) uses hydroxylamine sul- 
phate and excess nitric acid for chlorates, or 
hydroxylamine in ammoniacal solution for 
bromales and iodates. Formaldehyde in dilute 
nitric acid reduces chlorates in J hour, bromates' 
in 2£ hours, but not iodates. 

(b) By Reduction to a halide salt and estima- 
tion of the reducing agent used up in the process. 
With chlorates and bromates, the sulphuric acid 
solution is boiled for 10 minutes with excess of 
standard ferrous sulphate in an atmosphere of 
carbon dioxide, the solution cooled, and the 
unchanged ferrous salt titrated with N/ 10- 
K 2 Cr 2 0 7 : 6Fe=CIOj or Br0 3 . Bromates 
may also he reduced with arsenious oxide 
(Amer. J. Sci. 1902, 14, 285). Chlorates are 
reduced by the same reagent in presence of 
osmic acid as catalyst (Z. anal. Chem. 1933, 95, 
385), and also by adding an excess of A 7 /10- 
titanous sulphate, and after 3 minutes titrating 
back with ferric alum (J.S.C.I. 1908, 27, 434). 

(c) Iodimelrically. Chlorates. — (i) By distil- 
lation with concentrated hydrochloric acid : 
CI0 3 =3I 2 (Bunsen’s Method ; v. Estimation 
of Halogens, (p. 657) ; J.C.S. 1892, 61, 87). 
(ii) To the chlorate solution in a stoppered 
bottle are added twice its volume of concen- 
trated hydrochloric acid and 1 g. of potassium 
bromide. After 5 minutes, potassium iodide 
(1 g.) is added and the liberated iodine is 
titrated, after dilution, by standard thiosul- 
phate : CI0 3 =3i 2 (Chem.-Ztg. 1901, 25, 727). 

Hypochlorites— (i) A slight excess of Nj 10- 
sodium arsenitc is added and the excess titrated 
■frith A/10-iodine, or the hypochlorite is directly 
titrated with the arsenite till a drop of the solu- 
tion ceases to colour starch-potassium iodide 
paper blue : As = CIO' ( Penot’s Method ; cj. 
Chem.-Ztg. 1904, 28, 59). (ii) An excess of 
potassium iodide solution is added, followed by 
acidification with acetic acid. The liberated 
iodine is titrated by standard thiosulphate. 

Perchlorates. — The concentrated solution is 
boiled with a large excess of titanous sulphate, 
the excess oxidised with permanganate, and the 
chloride produced is titrated as usual (Z. anorg. 
Chem. 1909, 62, 108 ; Chem.-Ztg. 1909, 33, 
759). 

Bromates. — The substance is treated as in 
(c) (ii) above in presence of a few drops of 
ammonium molybdate solution. Reaction is 
very rapid (Z. anal. Chem. 1921, 61, 348). 

Iodates. — These are simply added to a slight 
excess of potassium iodide solution, acidified 
with sulphuric or hydrochloric acid, and the 
liberated iodine titrated : !0 3 =3I 2 . 

Periodates. — Determination is based on the 
reaction : 

HI0 4 +7HI=4! 2 +4H 2 0 
The acidified mixture of periodate and potassium 
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iodide is warmed at 60°C. in a stoppered 
bottle for 15 minutes, cooled, and the iodine 
titrated (J.C.S. 1934, 1087). 

Estimations involving Mixtures of the 
Foregoing Halides Salts. 

Chloride, Hypochlorite, and Chlorate. — The 
solution is titrated with A710-sodium arsenite 
by Penot’s method for the hypochlorite ; the 
chlorate is then estimated in the solution, after 
acidifying with sulphuric acid, by reduction 
with standard ferrous sulphate ; the total 
chloride then present is titrated by Volhard’s 
method. 

Chloride, Chlorate, and Perchlorate.— Chloride 
is titrated in one portion of the solution by 
Volhard’s method, and in another portion after 
reducing the chlorate with ferrous sulphate. 
For perchlorate the dry substance is mixed with 
five times its weight of pure quartz sand in a 
platinum crucible and covered with a layer of 
the sand 2 cm. deep ; the bottom of the crucible 
is heated to redness for half an hour, the mixture 
is cooled, extracted with water, and the total 
chloride estimated (Compt. rend. 1896, 122, 
452). 

Chloride and Iodide. — The total halogen is 
titrated by a suitable method in one portion of 
solution, and the iodide in another portion is 
determined either by (a) procedures described for 
Iodide (ii) (p. 658) or (6) titration of the iodide 
selectively in the mixture ; 25 c.c. of the 

neutral solution of chloride and iodide, contain- 
ing 3 drops of 0-5% aqueous Rose Bengal, 
are titrated by N/ 10-silver nitrate until the 
colour change carmine to violet-blue takes place 
(Z. anorg. Chem. 1924, 137, 233 ; Analyst, 1936, 
61, 315). 

Bromide and Iodide may be determined as 
under Chloride and Iodide (a) above. 

Bromide and Chloride. — The methods are 
analogous to those described below for Chloride, 
Bromide, and Iodide, (i) The solution is placed 
in a flask fitted with a ground-in stopper, drop- 
ping funnel, and delivery tube. One-third of its 
volume of concentrated sulphuric acid is added, 
with cooling, followed by 5 g. of chromic acid. 
The delivery tube is jointed to a vessel contain- 
ing a measured volume of standard sodium 
arsenite solution, a few grams of sodium bicar- 
bonate, and water to a total volume of about 
200 c.c. Air is aspirated through the solution 
for I hour, and the excess arsenite is then 
titrated by standard iodine. 

If only small amounts of bromide relative to 
chloride are present, the bromine evolved, 
together with some chlorine, is absorbed in 
40 c.c. of 0’5% sodium hydroxide. Saturated 
sulphurous acid (1-2 drops) is then added and 
the solution is neutralised with lOiV-sulphuric 
acid and placed in a clean reaction flask. 
Liberation of bromine and absorption in arsenitc 
are then carried out as above. Total chlorido 
and bromide are determined in another portion 
of solution (Analyst, 1931, 56, 590 ; Z. anorg. 
Chem. 189l>, 10, 387 ; Z. anal. Chem. 1921, 60 
405 ; Gazzetta, 1883, 13, 174 ; Ind. Eng. 
Chem. 1919, 11, 954). 

Chloride, Bromide and Iodide. — The iodide is 
first selectively oxidised by arsenic acid to iodine. 
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which is removed In a current of air and esti- 
mated. Bromine is then similarly estimated 
after liberation by chromic acid, and chloride is 
determined as silver chloride, precipitated from 
the residual solutions. 

The halide solution, diluted to 100 c.c., is 
contained in a flask fitted with a dropping 
funnel and delivery tube connected to an absorp- 
tion tube containing 10% potassium iodide, and 
a guard-tube, filled with glass beads moistened 
with the same solution. Potassium arsenate 
(2 g.) and ISA-sulphuric acid (25 c.c.) are added 
through the funnel. The solution is warmed, 
the liberated iodine is aspirated into the iodide 
solution, and titrated by etandard thiosulphate. 
The volume of liquid in the flask is maintained 
during the experiment by addition of water, and 
must not be allowed to fall below half its initial 
bulk, otherwise bromine is then hberated. 

A solution containing 10 g. of potassium 
dichromate is added to the residual solution, 
which is then diluted with water to 200 c.c. 
Bromine is then distilled, collected and titrated 
as described in the preceding section (Z. anorg. 
Chem. 3892, 1, 419). Many of the methods 
described m the gravimetric section for deter- 
mining chloride, bromide and iodide in ad- 
mixture aro readily adapted to volumetric 
treatment. 

Indium. — Indium, aB acetate, ia titrated by 
potassium ferrocyanide, containing a small 
amount of potassium ferricyanide, with di- 
pbenylbenzkbne as internal indicator. Inter- 
fering elements are first separated by hydrogen 
sulphide, from lN-acid solutron, followed by 
precipitation of indium as hydroxide ; iron, if 
present, is rendered inactive by addition of 
sodium fluoride ; chlorides must be absent. 
The method can bo used for the determination 
of indium in dental alloys (Ind. Eng. Chem. 
[Anal.], 1930, 8, 61). 

Iron. — Feebous Salts. — By Oxidation , — 
(i) The cold solution is strongly acidified with 
dilute sulphuric acid and titrated with 0 1A'- 
permanganate. This simple and accurate method 
requires modification when hydrochloric acid is 
present, since this reacts with permanganate, 
especially in presence of iron salts. This side 
reaction can be largely prevented by addition of 
manganese Bulphate ana phosphoric acid to the 
solution and titrating very slowly. The required 
solution, of which 25 c.c. suffice for a titration, 
contains 67 g. of crystallised manganese sulphate, 
138 c.c. of phosphoric acid (sp.gr. 1-7), and 130 
c.c. of concentrated sulphuno acid per btre. 
Scott (J. Amer. Chem. Soc. 1924, 46, 1396) 
improves thB results by using a few drops of 
a 1% solution of diphenylamine in sulphuric 
acid as indicator. A 1% solution of brucine in 
sulphuric add has been recommended for the 
same purpose, the acidity of the solution being 
kept above 3 N with regard to sulphuric acid 
(Proc. Indian Acad. Sci. 1936, 3, A, 38 ; see 
also p. 647). 

(u) The acid solution is titrated by 0-1 A’ 
dichromate as described on p. 647, this titration 
being available in presence of hydrochloric acid. 

(iii) By ceric sulphate ; tee p. 648. 

Febkic Salts.— ( a) By reduction to ferrous 
salt and titration with permanganate or di> 
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chromate. Beduction may be effected in any 
of the following ways : (i) Hydrogen sulphide 
is passed through the cold sulphuric acid solu- 
tion (A’/2 ; 100 c.c.) for 30 minutes, and then 
for 15 minutes whilst the solution is boiled ; 
15 c.c. of sulphuric acid (1:1) are added, and 
the solution is boiled down in a current of carbon 
dioxide to about half bulk. Sulphur is coagu- 
lated and need not be removed before titration, 
(li) Tbo nearly neutral solution is boiled with 
sulphurous acid or ammonium sulphite, excess 
being removed by continued boiling, preferably 
in a current of carbon dioxide, (in) 8-10 g. 
of granulated zinc are added to the warm sul- 
phuric acid solution, and the action allowed to 
continue until a drop of the solution no longer 
gives a coloration with potassium thiocyanate. 
The solution is cooled, filtered through glass 
woo), and titrated. The use of zinc-copper 



couple is preferable and magnesium powder 
brings about reduction rapidly and completely. 
Reduction may be rapidly effected by pouring 
the bquid through a column of amalgamated 
zinc about a foot long (The Jones Reductor, 
Fig. 6) ; Chem. News, 1889, 60, 93 ; Blair’s 
“Chemical Analysis of Iron,” 8th ed.). The 
apparatus is prepared for use by drawing 
100-150 c.c. of c. 6% sulphuric acid through 
the column by application of water-pump 
suction, followed by two portions each of 60 c.c. 
of distilled water. Liquid is never allowed to 
drain below the bottom of the cup at the top of 
the reductor. In carrying out a reduction, 
bquida are drawn through at the rate of about 
100 c.c. per minute in the following order : 
(1) 25-50 c.c. of 6% sulphuric acid; (2) the 
solution to be reduced, occupying about 100 c.c , 
and about normal with respect to sulphuric acid ; 
(3) 100 c.c. of approximately A T /2 sulphuric 
acid ; (4) 100-150 c.c. of water. Hydrochloric 
acid may replace sulphuric acid, (iv) The 
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hydrochloric acid solution is heated nearly to 
boiling, and stannous chloride (26% solution) 
added drop by drop until the solution is colour- 
less ; 10 c.c. of saturated mercuric chloride are 
added to the cooled solution to destroy excess 
of stannous chloride, the solution diluted, and 
the ferrous salt titrated with A r /10-potassium 
dichromate (see p. 647) with barium diphenyl- 
amine-sulphonate as indicator, (v) Reduction 
by palladium-hydrogen in boiling acid solution ; 
this introduces no foreign substance into the 
solution (Z. angew. Chem. 1902, 15, 398, 424 ; 
Analyst, 1904, 29, 346). 

(6) By Direct Titration with a Reducing 
Agent. — (i) Titanous chloride. The sulphuric 
or hydrochloric acid solution of the ferric salt 
is titrated as described under Preparation of 
Standard Solutions (p. 649). (ii) Stannous 
chloride. The nearly boiling hydrochloric solu- 
tion is titrated as described imder Preparation 
of Standard Solutions (p. 649). 

Ferrous Iron in Minerals and Bocks. — 
The only satisfactory method consists in decom- 
posing the coarsely powdered substance with 
sulphuric and hydrofluoric acids in an atmo- 
sphere of carbon dioxide, and titrating the 
ferrous salt produced. (For an exhaustive dis- 
cussion of this problem, v. Hillebrand and 
Lundell, “ Applied Inorganic Analysis.”) 

Iron and Aluminium. — After weighing the 
ignited sesquioxides, they are brought into 
solution by fusion with potassium hydrogen 
sulphate. If iron and aluminium are in solution, 
iron can be determined volumetrically in an 
aliquot portion, and total iron and aluminium 
gravimetrically in a second portion. 

Iron and Titanium. — Ferric salts can be 
reduced with sulphurous acid or hydrogen sul- 
phide without reducing titanic salts ; or reduc- 
tion of both may be effected by means of the 
Jones Beduetor, the iitanous salt oxidised with 
a slight excess of bismuth oxide, and the 
ferrous salt titrated in the filtered solution. 
To estimate both elements present, one of the 
preceding methods may be combined with the 
reduction process for titanium, described later, 
which would give the total iron and titanium 
(v. also J.S.C.I. 1909, 28, 189 ; Analyst, 1910, 
35, 198). 

Iron and Vanadium. — (i) Beduction with 
sulphur dioxide proceeds with the vanadium as 
far as to the oxide V 2 0 4 ; reduction with zinc 
carries it as far as V 2 0 2 ; hence two such 
reductions and titrations with permanganate 
furnish data for calculating both iron and vana- 
dium (Amer. J. Sci. 1908, 26, 79). (ii) By 
reduction in a silver redactor, iron is converted 
into the bivalent and vanadium into the quadri- 
valent condition. Sulphuric acid is added to 
the reduced solution to give a concentration of 
5 N, and iron is titrated by Nj 10-ceric sulphate 
with phenantlirolino-ferrous sulphate as indi- 
cator ; vanadium is not oxidised. Titanium, 
manganese, and chromium are without effect, 
but molybdenum reacts (J. Amcr. Chem. Soc. 
1934, 56, 350). 

Lead. — By Precipitation. — (i) As Molybdate. 
— The boiling acetic acid solution (200 c.c.) is 
titrated with standard ammonium molybdate 
(9 g. per litre, titrated against a solution of pure 


I lead). The solution is well shaken, allowed to 
stand for a few minutes, and a drop of the super- 
natant liquid is added to a drop of a solution 
of tannin (0-3%, containing a trace of lead) ; 
the end-point is shown by the appearance of a 
yellow colour, indicating that molybdate is 
present in excess. A mixture of stannous 
chloride and potassium thiocyanate dissolved in 
a little water can aho be used as an external 
indicator, a red colour being obtained 'at the 
end-point. The indicators not being very 
sensitive, a “ blank ” experiment Bhould be 
made and the necessary correction allowed for, 
both in an assay and in standardising the 
solution. 

(ii) As Ferrocyanide. — The cold acetic acid 
solution is titrated with potassium ferrocyanide 
(10 g. per litre titrated against pure lead) until 
a drop of the solution produces a brown colora- 
tion with a drop of saturated uranium acetate 
solution ; a “ blank ” experiment should also 
be made (J. Amer. Chem. Soc. 1893, 15, 550 ; 
Chem. News, 1896, .73, 18 ; J.C.S. 1893, 64, 
599 ; Ind. Eng. Chem. [Anal.], 1930, 2, 124). 

(iii) For various titration methods for lead in 
which adsorption indicators are used, see Z. anal. 
Chem. 1927, 164, 219 ; 1934, 99, 18 ; Trans, 
Faraday Soc. 1932, 28, 561, 565 ; Analyst, 1933, 
58, 332 ; 1935, 60, 316 ; Ann. Chim. Analyt. 
1936, 18, 33. 

(iv) Lead is precipitated as PbCIF by 
addition of a measured excess of 0-2A r -sodium 
chloride and 0'2iY-sodium fluoride, the excess 
of chloride being determined in the filtered 
solution by means of silver ; copper and zinc 
do not interfere (Z. anal. Chem. 1934, 99, 18). 
In determining lead in ores, etc., it is usually 
separated as sulphate and dissolved in 
ammonium acetate previous to titration. In 
addition to the foregoing procedures, lead may 
be precipitated as oxalate from the solution 
so obtained, and the washed precipitate sus- 
pended in dilute sulphuric acid and titrated by 
permanganate. 

Magnesium. — (a) Iodimelrically. — The mag- 
nesium is precipitated as magnesium ammonium 
arsenate, dissolved in hydrochloric acid and 
potassium iodide, and the iodine titrated (J. 
Amer. Chem. Soc. 1899, 21, 746 ; Z. anal. Chem. 
1907, 46, 714 ; Angew. Chem. 1935, 48, 551). 

(b) By Precipitation with Oxine. — Magnesium 
is precipitated as Mg(C 9 H 8 ON) 2 from alkaline 
solution, the precipitate is dissolved in dilute 
hydrochloric acid solution, and the oxine deter- 
mined bromometrically (see p. 650). Mag- 
nesium may be determined in presence of 
calcium, e.g. in cement, as follows : 

To the boiling solution, after removal of 
alumina, etc., are added 1 c.c. of ammonia 
(sp.gr. 0-9) and 25 c.c. of hot 4% ammonium 
oxalate. After boiling for 2-3 minutes, the 
mixture is heated on the steam-bath for 10 
minutes and then cooled to 70°C. ; 20 c.c. of 
oxine solution (1-25% in 17/2- acetic arid) are 
stirred in without removal of the calcium oxalate, 
followed by 4 c.c. of ammonia for each 100 c.c. 
of solution ; stirring is continued for 15 minutes. 
The precipitate is filtered off, washed with dilute 
ammonia (1 : 40), dissolved and titrated with 
standard bromate and thiosulphate (Bur. Stand. 
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J. Res. 1931, 6. 213; 1933, 10, 833). For 
bibliography, see Berg, “ Das o Oxychinohn,” 
Enke, 1933 ; 14 Organic Reagents for Metals,” 
Hophin and Williams, Ltd., 1034. 

Manganese. — (a) By Oxidation Kith Per - 
mavganate ( Volhard's Method, Modified). — To 
the feebly acid solution are added 2 g. of sodium 
acetate for each 10 c.c. of permanganate 
expected to be required and 5 g. of potassium 
fluoride (to render iron inactive and to aid 
flocculation). The solution is diluted to 300- 
400 c e., heated and titrated slow ly, with 
shaking, with A’/10 permanganate until the 
supernatant liquid is just pink. A "blank” 
should be carried out on the reagents. The 
reaction 

3MnO+ Mn t 0 7 =5Mn0j 

proceeds quantitatively (Z. anal. Chem. 1926, 
68, 129 , 1909, 48, 751 ; Analyst, 1911, 36, 
62 ; Bull Soc. chim. 1933, [v], 2, 740). 

(3) By Precipitation as Dioxide and estimation 
of the available oxygen. Precipitation may be 
effected by adding bleaching powder solution 
and calcium carbonate to a hot neutral solution j 
of the manganese salt containing ferric and , 
zinc i blondes J C.S. 1879, 35, 365 ; J.S.C.I. 
1891, 10, 333), or by boiling a solution in 
concentrated nitric acid (free from hydrochloric 
acid) with potassium chlorate. The second 
method gives slightly low results, and a 
parallel determination should be earned out 
on a known amount of manganese The washed 
precipitate in either case is dissolved in a 
sulphuric acid solution of standard ferrous sul 
phate or oxalic acid, and the excess of reagent 
titrated. 

(c) By Comersion into Permanganic Acid. — 
(0 The sulphuric acid solution is boded with 
10 c.c each of 25% ammonium persulphate 
solution and 0 8% silver nitrate solution, cooled, | 
diluted, and titrated by sodium arsemte solution 
to a clear yellow end-point. Similar oxidation 
in phosphoric acid solution containing sodium 
pyrophosphate, followed by lodimetnc deter- 
mination of the permanganate is also recom- 
mended (Chem. Weekblad, 1934, 31, 633). 
(n) The cold solution free from hydrochloric 
acid, cobalt, and chromium, and containing one- 
quaner its volume of nitric acid (sp gr. 1-42), 
is oxidised by shaking with 2-4 g of sodium 
bismuthate (equal to twenty -six times the w eight 
of manganese expected to be present) for 3 
minutes, diluted with half its volume of 3% 
nitric acid, the solid residue allowed to settle,; 
and the permanganic acid solution filtered into 
a slight excess of ferrous sulphate ; excess of the 
latter is then titrated with AT/I0 permanganate. 
A blank is earned out on the reagents exactly 
as in this procedure, and manganese is cal- 
culated from the difference between the litres- 
(Dingl. polyt. J. 1888, 269, 224 ; J.C.S. 1895, 
67, 268 ; Chem. News, 1901, 84, 209, 247 ; 
J. Amcr. Chem. Soc. 1904, 26, 793 ; Ind. Eng. I 
Chem. 1926, 18, 597). (in) Oxidation of 
manganese salts to permanganate is also effected | 
by potassium periodate in presence of sulphuric ; 
or phosphoric acid. 

Manganese in Ferromanganese and Steels . — i 
The foregoing methods a, b, and c have all been 


emploj ed for this purpose ; method c («) is the 
simplest and probably the most accurate. In 
method a it is necessary to remove iron from the 
solution ; this is conveniently performed by 
adding a sbght excess of zinc oxide (i. J. Amer. 
Chem. Soc. 1902, 24, 243 ; Ann. Chim. analyt 
1906, 11, 124). 

Manganese and Chromium occurring together 
in steels may be estimated by oxidising with 
ammonium persulphate in sulphuric acid solu. 
tion in the presence of silv er nitrate ; one por- 
tion of solution is titrated for total perman- 
ganate and chromate with ferrous sulphate, and 
another for permanganate alone by means of 
arsenious oxide (J. Amer. Chem. Soc. 1905, 27, 
1550 ; t. also Chem. News, 1901, 83, 25 ; 1905, 
91, 3 ; Chem.-Ztg. 1905, 29, 987 j Bur. Stand. 
J. Res. 1929, 3, 573 ; Chem. Zentr. 1933, it. 
3461). For estimation of manganese in silicate 
rocks, see Z. anal. Chem. 1936, 105, 81, 182. 

The foregoing bismuthate method c (n) mny 
be applied in the presence of molybdenum, 
tungsten, titanium and vanadium ; also, with 
certain precautions, in the presence of chromium 
(Chem News, 1901, 84, 247 ; Ind Eng. Chem 
1912, 4, 19). For estimation of manganese m 
tungsten steels, v. also J.S.C.I. 1907, 26, 345. 

Mercury. — (a) By Precipitation — Mercuric 
nitrate is readily titrated w ith A’/ 10- thiocyanate, 
using ferric nitrate as indicator, provided that 
nitric acid is present in iairly high concentration 
(Ber. 1901, 34, 3502 , 1902, 35, 2015). Chloride 
must be absent , if necessary, the mercury is 
precipitated as oxide with sodium hydroxide, 
and the washed precipitate dissolved in mtr( c 
acid. 

(b) Iodimtlncally — The solution (O 2gHg 
25-50 c.c.) containing 1 g. of potassium iodide 
is made alkaline with sodium hydroxide, 2-3 c c. 
of 40% formaldehyde are added, and the whole 
\ igorously shaken for 2 minutes. The solution 
is acidified with acetic acid, and the reduced 
mercury is dissoHed by adding an excess of 
A r /10 iodine. After shaking, the excess of iodmo 
above that required to form mercuric iodide is 
titrated with Nj\Q thiosulphate (Ber. 1906, 39, 
3702 ; 1907. 40, 3276 ; Bull. Soc. chim. 1907, 
[iv], 1, 1169). In other procedures, mercury 4 is 
precipitated by sodium arsenite, copper or 
hypophosphorous acid (Z. anal. Chem. 1889, 28, 
318 ; 1898, 37, 749 ; Analyst. 1926, 51, 224 ; 
1929, 54, 145) Mercurous salts require a pre- 
liminary oxidation with bromine water, excess 
of which is removed by warming. 

(c) Calomel is estimated by adding excess of 
concentrated hydrochloric acid and titrating 
with J//40-potassmm iodate, as described on 
p. 658 : 

2Hg.CI,+ HlO.-f 5HCI 

= ICl+3H,0+4HgCI, 

If mercurous mercury is present in solution, it 
is precipitated as calomel by addition of sodium 
chloride solution in slight excess ; the precipi- 
tate is filtered off, washed with the minimum of 
water, and titrated as abore. Mercuric solu- 
tions or solutions containing nitric acid are 
converted into calomel by addition of hydro- 
chloric acid, followed by at least a threefold 
excess of ferrous sulphate, and then sodium 
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hydroxide in excess. The mixture is well stirred 
for several minutes, dilute sulphuric acid is 
added in excess, and the stirring is continued 
until the iron hydroxides have completely dis- 
solved and white calomel remains ; this is then 
titrated with iodate. 

(d) Mercuric chloride solution is titrated by 
potassium cyanide : 

HgCI 2 +2KCN = Hg(CN) 2 +2KCI 

Mercuric cyanide is un-ionised, so that the 
appearance of alkalinity, duo to hydrolysis, 
shows the presence of the slightest excess of 
potassium cyanide. The mercuric solution con- 
taining sodium chloride is neutralised to 
bromophenol-blue, a slight excess of Nj5- 
potassium cyanide is added and the excess is 
titrated by A r /5-hydroehloric acid. The potas- 
sium cyanide solution, free from carbonate and 
hydroxide, is standardised on pure mercuric 
chloride (Chem.-Ztg. 1908, 32, 1077 ; J.C.S. 
1921, 119, 1272 ; Z. anorg. Chem. 1909, 60, 457). 

(e) For determination of mercury by precipi- 
tation as mercuric pyridine dichromate, and 
titration of the dichromate, see Furman and 
State, Ind. Eng. Chem. [Anal.], 1936, 8, 467. 

Molybdenum. — (a) By reduction and sub- 
sequent oxidation. The sulphuric acid solution 
is reduced by passing it through a Jones Re- 
dactor (see p. 660) to a condition represented by 
the formula Mo 2 0 3 ; the liquid is caught 
directly in ferric sulphate solution, which 
reoxidises the molybdenum salt, and the ferrous 
sulphate produced is titrated with 2Y/10- 
permanganate (Amer. J. Sci. 1907, 24, 313 ; 
cf. Ber. 1905, 38, 604 ; Analyst, 1907, 32, 250). 

(6) Iodimetrically. — The solution in concen- 
trated hydrochloric acid is boiled with a slight 
excess of potassium iodide until the volume is 
reduced to 25 c.c., when reduction to Mo 2 O s is 
complete. The cold solution is diluted to 125 
c.c., tartaric acid 1 g. added, then Na OH until 
nearly neutral, followed by sodium bicarbonate 
and a slight excess of standard iodine. After 
standing in the dark for 2 hours, excess iodine 
is titrated by standard arsenite solution (Amer. 
J. Sci. 1896, 2, 156 ; 1898, 6, 168). 

(c) Mo vl is reduced by stannous chloride of 
specified acidity to Mo v . Excess stannous 
cliloride is removed by bromine and excess 
bromine by sodium arsenite. Mo v is then 
oxidised to Mo VI by titration with A T /10- 
vanadic acid with diphenylaminesulphonic acid 
as indicator (Z. anal. Chem. 1936, 104, 1). 

Molybdenum in Steels and Alloys (v. J. Amer. 
Chem. Soc. 1904, 26, 675 ; Lundell, Hoffman, 
and Bright, “ Chemical Analysis ot Iron and 
Steel ”). 

Nickel. — (a) By Double Cyanide Formation. 
— A few drops of 10% potassium iodide are added 
to the cold, slightly ammoniacal nickel solution, 
and then a small measured volume of standard 
silver nitrate (3 g. of silver per litre). Standard 
potassium cyanide (25 g. per litre) is then run in 
with stirring until the precipitate of silver iodide 
just disappears ; more silver nitrate is added 
until a very faint turbidity is produced, which is 
then dissolved by the least possible excess of 
cyanide. The relative values of the silver 
nitrate and cyanide solutions are determined by 


a preliminary experiment, and the cyanide 
standardised against a known amount of pure 
nickel (or pure silver, and calculated to nickel). 
The method is rapid and accurate (Chem. News, 
1895, 72, 92), the complex K 2 Ni(CN) 4 being 
formed quantitatively. For a modified method, 
see Bull. Soc. chim. 1936, fv], 3, 324. 

(b) By Precipitation. — The hot nickel solution 
containing ferric chloride (1 g.) and citric acid 
(2-3 g.) is made feebly ammoniacal and titrated 
slowly, stirring constantly,, with standard potas- 
sium ferrocyanide (20 g. per litre, titrated against 
pure nickel), until a drop of the solution when 
acidified with dilute acetic acid develops a green 
colour in 5 minutes (J. Amer. Chem. Soc. 1910, 
32, 757 ; Bull. Soc. chim. 1907, [v], 4, 1163). 

(c) Nickel may also be determined by a method 
based on the formation of Ni (C 5 H 5 N) 4 (CNS) 2 : 
sec under Cobalt (<?) (p. 656). 

Nickel in Steel. — Method ( b ) can be directly 
applied ; method (a) can also bo employed 
without removing iron, molybdenum or 
chromium, if a sufficient excess of ammonium 
citrate or sodium pyrophosphate is added to the 
solution ; or a moderate amount (2-3 g.) of 
each of these reagents may be added (J. Amer. 
Chem. Soc. 1907, 29, 1201 ; 1908, 30, 1116 ; 
1899, 21, 854 ; Chem.-Ztg. 1908, 32, 1223 ; 
Chem. News, 1910, 102, 51 ; J.S.C.I. 1920, 
39, 253T). For modifications in presence of 
other metals, v. Chem. News, 1898, 78, 177, 
190 ; Johnson, “ Rapid Methods for the 
Chemical Analysis of Special Steels, etc.,” 1930. 
Peters (Metals and Alloys, 1935, 6, 278) adapts 
method (a) to chromium-nickel (18:8) steels by 
oxidising the former metal with perchloric acid, 
and so preventing interference by the deep 
colour of chromium salts. 

Niobium. — Some workers have obtained 
consistent results by reduction mothods (Z. 
anorg. Chem. 1909, 62, 383 ; Z. angew. Chem. 
1933, 46, 552), but others have found these pro- 
cedures to give variable values (Analyst, 1924, 
49, 215 ; Z. anal. Chem. 1934, 99, 398). 

Nitrogen. — Ammonia (v. Acidimetry and 
Alkalimetry (p. 645)). 

Hydrazine. — Hydrazine is quantitatively 
oxidised as follows : 

N 2 H 4 +HI0 3 +HCI = N 2 +ICI+3H 2 0 

under the conditions given on p. 658. It may 
also be estimated by the slow addition of stan- 
dard chloramine-T to the hydrazine solution 
(25 c.c.), containing sodium bicarbonate (0-5 g.), 
a crystal of potassium iodide and starch solution, 
until the blue end-point is reached : 

N 2 H 4 -f2CH 3 -C 6 H 4 -S0 2 -NCINa 

= N,+ 2CH 3 -C (i H 4 -S0 2 -NH 2 +2NaCI 
and 2H! + CH 3 -C 6 H 4 -S0 2 -NClNa 

= l 2 +CH 3 -C 6 H 4 'S0 2 -NH 2 +NaCI 

(Z. anal. Chem. 1934, 96, 321). Standardisation 
of the chloraminc-T can also be based on tho 
second reaction, the chloramine-T in approxi- 
mately A74-hydrochlorie acid, containing 1 g. 
of potassium iodide, being titrated with iV/10- 
thiosulphate. 

Hydroxylamine. — (a) By Oxidation. — (i) To 
a solution of hydroxylamine (about 0-05 g.), 



CHEMICAL ANALYSIS. 


CG4 


or one of Jts salt", are added saturated ferric 
alum solution {30 c.c.) and at least 10 c.c. of 
OA’-sulphuric acid. The solution is boiled for 
5 minutes, largely diluted with cold water, 
and titrated by standard permanganate or 
dichromate. The reaction : 
2NH 2 0H+2Fe,(S0 4 ) a 

= N J! 0+4FeS0 4 +2H,SO t +H l O 
proceeds quantitatively under the prescribed 
conditions (Annalen, 1887, 241, 318). 

(ii) To the hydrox\]annne solution are added 
10-30 c.c. excess of standard ( J//60) potassium 
bromate solution and then 40 c c. of 6A*-hydro- 
chlonc acid ; after 15 minutes the excess 
bromate is titrated by standard thiosulphate 
with addition of potassium iodide. Oxidation 
in this case is to mtnc acid : 

NH.OH+HBrOj-HNOj+HBr+HjO 
(i) By Reduction. — An excess of titanous sul- 
phate is added to the acid solution, and the 
ammonium salt produced is estimated by dis- 
tillation with sodium hydroxide (Ber. 1909, 42, 
2695). 

Nitrates. — ( a) By Reduction. — The solution 
is made strongly alkaline with sodium hydroxide, 
0 c c. of alcohol and 2-5-3 g. of powdered 
Devarda’s alloy (tee p. 598) added, and the 
flask connected with a distilling apparatus, the 
receiver of which contains excess of N/2- 
hjdrochlonc acid. After standing for half an 
hour, the liquid is steam-distilled for an equal 
length of time, when all the nitrate has been 
converted into ammonia and driven over into 
the acid ; the excess of the latter is then titrated 
(Z. anal. Chem. 1894, 33, 113 ; Analyst, 1910, 
35, 307 i v. also the Gravimetric Section (p. 598)). 
It is stated (Analyst, 1936, 61, 249) that the 
amount of sodium hydroxide recommended by 
l>cvarda is excessive and leads to inaccurate 
results. The optimum quantities are nitrate 
(1 g ), Devarda’s alloy (3 g.), sodium hydroxide 
(2 g ), and water (250 c e.). Nitrates, e g. in 
fertilisers, may be determined by conversion into 
ammonia by treatment with iron (reduced by 
hydrogen) in presence of sulphuric acid. 
Ammonia is distilled after addition of sodium 
hj droxide in excess {tee " Fertilisers and Feeding 
Stuffs Regulations,” 1932). 

(b) By Oxidation of Ferrous Salts. — Reaction, 
in an inert atmosphere, proceeds according to 
the equation ; 

3FeCIj+HNOj+ 3HCI 

=3FeCI 1 +NO+2H 1 0 
The nitrate (0 25 g.) is placed in a long-necked 
flask, fitted with inlet and outlet tubes for 
carbon dioxide, and air is expelled by the gas. 
A solution containing a known weight of ferrous 
ammonium sulphate (approximately 10 g.) and 
about 40 c.c. of concentrated hydrochloric acid 
are added. The reactants are heated gently for 
10 minutes and then boiled until the dark red 
colour changes completely to yellow-brown. 
The liquid is cooled with the stream of carbon 
dioxide still flowing, then diluted considerably 
with water and titrated by A’/2-dichromate, 
after addition of phosphoric acid and barium 
diphenj laminesulphonate (see p. 647). A smaller 


excess of ferrous iron can be used in presence 
of molybdic acid as catalyst (J. Amer. Chem. 
Soc. 1033. 55, 1454 ; Z. anal. Chem. 1877, 18, 
267). The foregoing method cannot be used 
in presence of organic matter ; in such cases 
the nitric oxide evolved is determined (Z. anal. 
Chem. 1884, 23, 151 ; J.C.S. 1880, 37, 468 ; 
1882, 41, 345). 

Nitrites.— (a) By Oxidation. — The nitrite 
solution is slowly added to a measured quantity 
of A'/ 10-permanganate, which is acidified with 
sulphuric acid, diluted to 400 c.c , and warmed 
to 40°C., until the colour is just discharged : 
2HNO,=Oj. Reaction is slow towards the 
end. Alternatively, the nitrite is added to 
excess of acidified permanganate and, after the 
mixture has stood for 15 minutes, the excess of 
permanganate is determined by ferrous sulphate 
or oxabc acid (see J. Amer. Chem. Soc. 1919,41, 
524 ; Ind. Eng. Chem. [Anal.], 1933, 5, 112). 

(5) Jodtmeirtcally. — Several methods have 
been based on the reaction 

2HI + 2HN0 t =l,+2N0+2H,0. 

It is necessary to perform the experiment in an 
atmosphere free from oxygen j the iodine may 
be determined by thiosulphate or arsenite. (For 
details, v. Pharm. J. 1889, 19, 741 ; Chem News, 
1904, 90, 114 ; Analyst, 1934, 59, 99 ; cf. 
Organic Analysis, Aromatic amines (p 627) ) 

(c) By Chloramine-T. — To a known volume 
(excess) of* chloramine-T solution, acidified by 
dilute acetic acid, is added a measured volume 
of nitnte solution s 

CHj C e H. SOj-NCINa+HNO.+ HjO 

= CH,C a H l -SOj-NH l +HNO,4-NaCI 
After a few minutes, excess chloramine is 
titrated as in its standardisation (see p. 663) 
(Pharm. IVeekblad, 1926, 63, 1117). 

Osmium. — Iodimetrically. — The solution of 
osmium tctroxide, acidified by sulphuric acid, 
is treated with an excess of potassium iodide, 
and then titrated with N/10 thiosulphate, with 
starch iodide paper as external indicator : 
OsO.+4H l = OsO,-f 2H.O+21j(Chem,Zentr. 
1898, ii, 65 ; Z. anorg. Chem. 1910, 65, 429). 

Oxygen. — Peroxides. — ( a) Iodimetrically . — 
Such peroxides os those of manganese and lead 
may be estimated by Bunsen’s method {see 
p. 657). Finely divided peroxides of manganese 
react quantitatively with cold dilute hydro- 
chloric acid or phosphoric acid, and potassium 
iodide (J.C.S. 1880, 37, 128). a method of 
estimation that is available with the peroxides 
of the alkali and alkaline -earth metals, which 
do not give satisfactory results by the distil- 
lation method (Arch. Pharm. 1902, 240, 437). 
Hydrogen peroxide may be determined in this 
manner (Analyst, 1888, 13, 62), but reaction is 
slow ; it becomes almost instantaneous in 
presence of a few drops of ammonium molybdate 
(Pharm. Weekblad, 1919, 56. 949). Interference 
of stabhh'sers is minimised by addition of 0 5 g. 
of pyrogallol (J. Assoc. Off. Agric. Chem. 1933, 
18. 395). 

(6) By Reduction . — Hydrogen peroxide, or 
peroxides of the alkali and alkaline-earth metals, 
may be dissolved in cold dilute acid and titrated 
with A’/ 10 -permanganate, which loses as much 
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oxygen as is lost by the peroxide (v. also Gas- 
Volumetbic Methods). Unlike method (a), 
above, this method cannot be used in presence 
of many organic substances (p. 688). 

Peracids. — Perborates are determined as 
described in (a) above. Por the determination 
of perborates in soaps, see Analyst, 1920, 45, 
88 ; Z. anal. Chcm. 1933, 92, 95. Percar- 
bonatcs are estimated as in method (6), decom- 
position by acid occupying about 30 minutes. 
Perdisulphales are determined by dissolving in 
an excess of standard ferrous ammonium sul- 
phate solution in an atmosphere of carbon 
dioxide, 100 c.c. of water at about 90°C. are 
added and, after 1 minute, the solution is cooled 
and excess ferrous iron is titrated by standard 
permanganate. Hydrogen peroxide and Caro’s 
acid (permonosulphuric acid) react similarly ; 
for the estimation of each in admixture, see 
Analyst, 1933, 58, 464 ; Z. anorg. Chem. 1931, 
195, 61. 

Palladium. — A palladous solutionis precipi- 
tated by a known amount of salicylaldoxime as 
Pd(C 7 H 6 0 2 N) 2 . Excess salicylaldoxime in the 
filtrate is estimated by boiling with ferric sul- 
phate solution and titrating the ferrous iron by 
permanganate (Bull. Soc. chim. Belg. 1936, 45, 
9), the oxime being hydrolysed to hydroxylamine 
(?•«•)• 

Phosphorus. — Phosphoric Acid (Ortho-). 
— (a) (v. Acidimetry and Alkalimetry, p. 645). 

(5) Acidimetrically, with Previous Precipi- 
tation. — -The precipitate of ammonium phos- 
phomolybdate (N H 4 ) 3 P0 4 ,1 2Mo0 3 (i>. Gravi- 
metric section, p. 598) after washing with 
water is dissolved in a slight excess of standard 
potassium or sodium hydroxide free from carb- 
onate, and the excess titrated with standard nitric 
acid, using phenolphthalein as indicator. As the 
ammonia is not boiled off, one molecular pro- 
portion of P 2 O s requires 23 molecules of K z O 
(J. Amer. Chem. Soc. 1895, 17, 950 ; 1897, 
19, 703 ; J.S.C.I. 1904, 23, 1186). In other 
procedures, the ammonia is boiled off and 
P 2 0 t =26K 2 0 (Analyst, 1924, 49, 565). 

(c) By Precipitation. — The solution, feebly 
acid with acetic acid, containing 5 c.c. of sodium 
acetate solution (100 g. of sodium acetate and 
50 c.c. of glacial acetic acid per litre), is heated 
to 90°-100°C. and standard uranium acetate 
solution (35 g. per litre) is run in from a burette 
until a drop of the solution gives a brown 
coloration with potassium ferrocyanide upon a 
white tile. The compound formed is uranyl 
ammonium phosphate, (U0 2 )NH 4 P0 4 . In 
analysing alkali phosphates, the uranium solu- 
tion is standardised against pure potassium 
dihydrogen phosphate, while a solution of cal- 
cium phosphate in acetic acid, standardised 
gravimetrically by the method of Woy (Chem.- 
Ztg. 1897, 21, 442), must be used if the uranium 
acetate is to be used for estimating phosphates 
of the alkaline earths (J.S.C.I. 1892, 11, 328). 
It is essential that titrations should be made 
under conditions closely approximating to those 
which obtained when the uranium solution was 
standardised. 

Phosthorus in Iron and Steel. — This is 
usually separated as ammonium phospho- 
molybdatc ; it may then be titrated according 


to b above, or the precipitate is washed with 
dilute ammonium sulphate, dissolved in am- 
monia, the solution strongly acidified with 
sulphuric acid, and determined after reduction 
to Mo.Oj as described under Molybdenum, p. 
605 (Scott “Standard Methods of Chemical 
Analysis,” 1926 ; Blair, “ Analysis of Iron ”). 

Phosphorus, Elemental. — The material con- 
taining phosphorus (about 0-1 g.) is weighed into 
a flask containing 2 c.c. of carbon tetrachloride 
20 c.c. of 5% potassium iodate and 50 c.c. of 
A r -sulphuric acid are added. The flask is 
attached to a ground-in condenser and the 
mixture is refluxed for 4 hours to complete the 
reaction : 

2P+2HI0 3 +2H 2 0=2H 3 P0 4 + l 2 

The iodine is then distilled into excess of potas- 
sium iodide and titrated by N/lO-thiosulphate. 
Iodate remaining can also be determined in an 
aliquot portion of the solution left in the dis- 
tillation flask (J. Amer. Chem. Soc. 1927, 49, 9). 

Phosphorous Acid. — To the phosphite solu- 
tion (10 c.c.), containing about 0-1 g. of the salt, 
are added 0-5 g. of sodium bicarbonate and 
20 c.c. of AyiO-iodine. After 2 hours, 10 c.c. 
of 10% acetic acid are added and the excess 
iodine is titrated. The reaction is 

H 3 P0 3 +I 2 +H 2 0=H 3 P0 4 +2HI 

Hypophosphorous Acid. — To the solution 
(10 c.c.) in a stoppered flask, containing about 
0T g. of the salt, are added 10 c.c. of 25% sul- 
phuric acid and 30 c.c. of Nf 10-iodine solution. 
The mixture is left in the dark for 10 hours and 
excess iodine is then titrated. Oxidation pro- 
ceeds only to phosphorous acid : 

H 3 P0 2 +I 2 +H 2 0 = H 3 P0 3 +2HI : 

but further oxidation in presence of bicarbonate 
can then be effected to phosphoric acid ( see 
Phosphorous Acid) ; the procedure can be used 
for the analysis of mixtures of phosphites and 
hypophosphites. 

Platinum may bo determined by adding a 
chloroplatinate solution to excess of potassium 
iodide solution and titrating the liberated iodine : 

PtCJ 4 -f-4K! = Ptl 2 +4KCI+I 3 

Auric solutions (see p. 657) are also reduced. 

Potassium is precipitated as K 2 NaCo (N0 2 ). 
Various descriptions are published, which must 
be closely followed to obtain a precipitate 
of this composition (J.C.S. 1900, 77, 1076 ; 
Analyst, 1923, 48, 250 ; 1926, 51, 450 ; Amer. 
J. Sci. 1907, 24, 433 ; J. Assoc. Off. Agric. 
Chem. 1933, 16, 137 ; Ind. Eng. Chem. 
[Anal.], 1933, 5, 163 ; J.S.C.I. 1934, 53, 392 ; 
Analyst, 1935, 60, 677). Nitrite is then deter- 
mined by permanganate (c/. p. 664) or by ceric 
sulphate, and since Co 111 is converted to Co 11 , 
2K 2 NaCo(N0 2 ) c =110. 

Rhenium. — See Chem. News, 1932, 145, 186 ; 
Z. anorg. Chem. 1935, 222, 56. 

Selenium. — Selenious Acid. — (a) By Oxi- 
dation. — The solution containing about 0-1 g. 
of selenious acid in 25 c.c. of 40% sulphuric acid 
is diluted to ISO c.c. and oxidised by excess (at 
least 10 c.c.) of JV/lO-potassium permanganate, 

J after addition of sodium phosphate (12 g.) to 
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prerent precipitation of manganese dioxide. 
After 30 minutes, excess permanganate is 
titrated by ferrous sulphate : 

HtSeOj+O^HjSeO, 

(J. Amer. Chem. Soc. 1926, 48, 2550). 

(5) lodimetrically. — The solution {100 c.c.) 
containing about 0-1 g. of eelemous acid in a 
stoppered bottle is treated with 10 c.c. of 25% 
hydrochloric acid, 20 c c. of carbon disulphide 
(to prevent adsorption of iodine on selenium), and 
10 c.c. of 10% potassium iodide, added in a fine 
stream. The mixture is shaken for 1 minute, and 
the liberated iodine is titrated by thiosulphate : 

H s Se0,+4Hl = Se+2l,+3H,0 
(Chem -Ztg. 1 928, 52, 142). 15 c.c. of 2% starch, 
which acts as a protective colloid and prevents 
precipitation of selenium, can be used instead 
of carbon disulphide (Chem. Weekblad, 1934, 
31. 333). 

Small quantities of selenium in sulphur are 
determined by combustion to dioxides m 
oxygen ; the resulting solid selenium dioxide is 
estimated lodimetncally (Ind. Eng. Chem. 
(Anal.], 1935, 7, 423). 

Selenium and Selenic Acid. — T he powdered 
element (about 4 g ) is suspended in 100 c c. of 
water and warmed with potassium bromate 
(10 g.). The resulting solution of selenic acid 
is cooled and diluted to 1 litre. To 20 c c. of 
this solution are added 20 c.c. of 2Af-potaasium 
bromide and 10 c.c. of hydrochloric acid, and 
the solution is heated to effect reduction to 
8 elemoua acid, which is then titrated as above 
(Chem. Weekblad. 1934, 31. 333). 

Silver. — By Precipitation.— {i) The nitric 
acid solution is titrated with standard sodium 
chloride until no further precipitation is observed 
(For details of this very exact method, v. 
Assaying.) A number of devices have been 
described for rapidly filtering a portion of the 
liquid in order to test for further precipita- 
tion (J.C.S. 1908, 93, 1037 ; Gazzett-a, 1909, 
39, li, 240). A modified method consists in 
adding a slight deficit of sodium chloride, 
filtering, and titrating the remaining sdver 
with dilute ammonium thiocyanate (J. Amer. 
Chem. Soc. 1897, 19, 814 ; t. also J.C.S. 1900, 
77, 232 ; Z. angew. Chem. 19(M, 17, 617). 
(n) Titration may be effected with N/ 10- 
thiocyanate as described under Preparation 
of Standard Solutions, p. 649. (in) Various 
procedures in which adsorption indicators are 
used are described under Preparation of Stand- 
dard Solutions and Estimation of Halogens m 
Halide Salts, p. 659. 

Sodium.— (i) The precipitate, 

NaZnfUOjMCjh^O,), 

or 

NaNi(UO J ) 3 (C,H,0,) t 

(see Gravimetric section, p. 607), is dissolved, 
and uranium ( q.v .) is estimated by reduction 
or by titration with standard phosphate solution 
see Phosphoric Acid, p. 665) (J. Amer. Chem. 
Soc. 1930, 52, 1349). (u) For method based on 
precipitation of NajHSbO^, but requiring use 
of a correction factor, see Z. anal. Chem. 1936, 
104, 406. 


Sodium and Potassium. — If these two alkali 
metals are present together as chloride, and 
no other salts are present except those of 
ammonium, the solution is evaporated to dry- 
ness, gently ignited, until free from ammonium 
salts and moisture (which is rather tenaciously 
retained), and weighed, the weight being to g. 
The mixed chlorides are then dissolved in water, 
and the chlorine determined by means of silver 
nitrate ; if c is the weight of chlorine thus 
found, then 

KCI=3 6305(2 1026c -to) 
and NaCI=ic— KCI 

Sulphur, Acids of. — H ydrogen’ Sulphide. 
— lodimetrically. — (i) The gas or a measured 
volume of solution is absorbed in an excess of 
A’/I0 iodine, the excess being afterwards 
titrated with A’/lO-thiosulphate : H,S=I,. 

Direct titration with iodine leads to low results 
(Z. anal. Chem. 1906, 45, 541). (u) To a 
measured volume of Nj 10 arsenious acid aro 
added 20 c.c. of hydrogen sulphide water, and 
tho mixture is acidified by hydrochloric acid. 
The arsenious sulphide 

(As,0 3 -|- 3 H,S = As t S 3 + 3H 2 0) 
is filtered off and washed, and the excess of 
arsemte is determined in an aliquot portion of 
the filtrate by titration with iodine. 

For the determination of sulphur in sulphides 
decomposable by acids to yield hydrogen sul 
phide, see Fox and Bowles, “ The Analysis of 
Paints, Pigments, and Varnishes,” 1927, p. 33 , 
Analyst, 1933, 58, 682. For the determination 
of sulphur in pyrites, ores, etc , see J.S.C.l. 
1888, 7, 305 , Z. anal. Chem. 1907, 46, 9. 
For the determination of Polysulphides, see 
Z. anorg. Chem. 1925, 142, 1 15. 

Hyposulphurous Acid,» HjS 2 0 4 .— Hibhcrt 
and Knecht (Ber. 1907, 40, 3819) employed a 
volumetric process based on the use of methylene 
blue and titanous chloride, and this method is 
still utilised. Ammoniacal silver nitrate can be 
used as follows (J. Amer. Chem. Soc. 1921, 43, 
1307 ; Bull. Soc. chim. 1906, 35, 293). About 

0 5 g. of dry hyposulphite is treated with a 
twofold excess of aqueous silver nitrate ^con- 
taining much more than sufficient ammonia to 
redissolve the sdver oxide first precipitated. 
In dissolving in this reagent, hyposulphite is 
forthwith oxidised to sulphite, precipitating 
elemental silver, which is collected on asbestos 
and washed with dilute ammonia containing 
ammonium nitrate, the latter being added to 
prevent the finely divided sdver from passing 
through the filter. The silver is then dissolved 
in nitric acid, and after boiling off nitrous fumes, 
the solution is titrated with A’/l 6 thiocyanate, 
using ferric alum as indicator. 

For the estimation of hyposulphite in 
presence of sulphite, see Giorn. Chim. Ind. Appl. 
1921, 3, 501 ; Chem. and Ind. 1923, 42, 290 ; 
Col. Trade J. 1024, 14, 180 ; and in presence 
also of thiosulphate, see Z. anal Chem. 1930, 
80, 1. _ . 

Sulphurous Acid. — ( a) lodimetrically — Sul- 
phurous acid 13 estimated by running it into 
ddute standard iodine solution, acidified by 

1 Sometimes erroneously called hjdrosulphurous *c!4 
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hydrochloric or sulphuric acid, with constant 
stirring until the colour of the iodine is dis- 
charged : 

H 2 S0 3 + l 2 + H 2 0 = H 2 S0 4 +2H I 

Titration cannot be carried out in the reverse 
direction, as side reactions then take place. 
Sulphites may be determined by adding the 
powdered salt to excess of JV/lO-iodine, and after 
decomposition is complete titrating back with 
iV/10-thiosulphate. 

(h) By Potassium lodate. — The reaction 

2S0,+ H 2 0+2HCI+KI0 3 

= ICI+KCI+2H 2 S0 4 

takes place under conditions described on 
p. 658. The method can be used for estimating 
sulphur dioxide in wines by distilling off sulphur 
dioxide after addition of phosphoric or tartaric 
acid, and collecting the gas in dilute alkali •con- 
taining glycerol to prevent atmospheric oxida- 
tion of the sulphite. 

Sulphuric Acid. — (a) Iodimelrically . — The 
feebly acid boiling dilute sulphate solution is 
precipitated with an excess of a solution of 
barium chromate in hydrochloric acid (3-4 g. 
BaCr0 4 , 30 c.c. cone. HCI, diluted to 1 litre). 
Barium sulphate is thus precipitated, and an 
equivalent of chromic acid liberated. The 
boiling solution is neutralised with powdered 
chalk to remove excess of barium chromate, 
and the chromic acid in the cold filtrate titrated 
iodimetrically : Cr0 3 =S0 3 (Amer. Chem. J. 
1889, 11, 567 ; Chem.-Ztg. 1898, 22, 357). 

(6) By Precipitation. — (i) By titration with 
barium chloride with rhodizonic acid as indicator 
(see Barium and 1934, A. 500 ; Z. anal. Chem. 
1936, 105, 346). (ii) By use of benzidine. — 
The sulphate is precipitated from dilute solution 
as benzidine sulphate by means of excess of 
benzidine hydrochloride solution. The pre- 
cipitate is suspended in water, heated to 
50°C., and titrated by A 7 / 10-sodium hydroxide 
with phenolphthalein as indicator. When the 
titration is almost finished, the liquid is boiled 
for 5 minutes, and the titration then completed : 
2Na0H = H 2 S0 4 (Z. angew. Chem. 1907, 
20, 9). (iii) A fairly accurate titration can be 
effected by lead nitrate with eosin as adsorption 
indicator (Ind. Eng. Chem. [Anal.], 1936, 8, 130). 

Thiosulphuric Acid. — Iodimelrically. — Thio- 
sulphates are titrated with iodine as in stan- 
dardising thiosulphate solution ( see p. 648) ; 
sparingly soluble salts are suspended in water in 
a stoppered bottle and shaken vigorously 
throughout the titration. 

Persulfhuric Acid. — See p. 665. 

Lithionic Acid. — Dithionic acid is quantita- 
tively oxidised to sulphuric acid by boiling for 
1 hour with potassium dichromate, strongly 
acidified by sulphuric acid. Unchanged di- 
chromate is then determined iodimetrically. 
Sulphurous acid, if present, is first removed by 
boiling with jV72-acetic acid for 15 minutes 
(J.C.S. 1933,' 5). 

Polythionic Acids. — See Z. anorg. Chem. 
3925, 142, 119 ; 1927, 166, 177 ; J.C.S. 

1927, 1451, for the estimation of tri-, tetra-, 
and penta-thionates, both alone and if mixed 
with bisulphites and thiosulphates. 
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Sulphur, Elemental. — Sulphur (0-1 g.) is 
converted into sodium thiosulphate by boiling 
under reflux for 30 minutes with sodium sulphite 
(2 g.), water (30 c.c.), and soft paraffin (1 g.). 
The solution is cooled and poured off from the 
paraffin, which is washed with hot water, 
followed by coob'ng. To the combined solutions 
are added formalin (10 c.c.), to render sulphite 
inactive, 20% acetic acid (20 c.c.), and water to 
a total volume of 150 c.c. ; thiosulphate is then 
titrated by iodine (Quart. J. Pharm. 1934, 7, 
179). For a method depending upon the con- 
version of sulphur into thiocyanate, see ibid. 
1933, 6, 431 ; Z. anal. Chem. 1932, 91, 32. 
For determination of sulphur in presence of 
selenium, see Z. anal. Chem. 1935, 102, 353. For 
the estimation of free sulphur in rubber, see 
J.S.C.I. 1933, 52, 296T ; Ind. Eng. Chem. 
[Anal.], 1935, 7, 103. 

Tellurium. — Tellurous Acid. — By Oxida- 
tion. — (i) The solution is oxidised by per- 
manganate, exactly as described under Selenious 
Acid, p. 665. (ii) The solution (200 c.c.), con- 
taining 15 c.c. of concentrated hydrochloric acid 
and a measured excess of jV/IO-dichromate, is 
allowed to stand for 30 minutes. Excess of 
dichromate is then determined. Selenious acid 
is not oxidised (J. Amer. Chem. Soc. 1923, 45, 
1423). 

Telluric Acid. — Iodimetrically. — The tel- 
lurate is distilled with hydrobromic acid in 
Bunsen’s apparatus (see p. 657), the bromine is 
absorbed in potassium iodide and the iodine set 
free is titrated with A’/ 10-thiosulphate. Tel- 
lurium trioxide must be previously dissolved in 
concentrated potassium (not sodium) hydroxide, 
since it is scarcely attacked by hydrobromic 
acid. The reduction proceeds to tellurous acid 
(Z. anorg. Chem. 1894, 7, 132 ; Monatsh. 1923, 
44, 349). 

Thallium. — Thallous salts are oxidised to 
tlmllic compounds by potassium iodate or by 
chloramine-T in presence of 5A 7 -hydrochloric 
acid, under the conditions described on p. 658. 
The reaction is 

2TICI+ H I0 3 +5HCI=2TICI 3 +3H 2 0+ICI 

(Analyst, 1926, 51, 137 ; 1934, 59, 736 ; J. 
Amer. Chem. Soc. 1936, 58, 113). 

Oxidation can also be carried out by potas- 
sium bromate, or by chloramine-T and potassium 
bromide, with methyl orange as indicator, as 
described under Antimony (see also Z. anorg. 
Chem. 1926, 153, 276 ; Analyst, 1934, 59, 736). 

Thorium. — Th(C 9 H 6 ON) 4 , C 9 H 7 ON is pre- 
cipitated by oxine (Z. anal. Chem. 1935, 100, 
98 ; Monatsh. 1929, 53, 596), and determined 
bromoroetrically (see p. 650). 

Tin. — Stannous Salts. — (a) Iodimelrically. 
— The cold hydrochloric acid solution of the 
stannous salt is titrated with A T /10-iodine : 
Sn=l 2 ; the solution should contain 25-40% 
by volume of concentrated acid. Exposure of 
the solution to air must be avoided, since 
stannous salts readily undergo oxidation ; it is 
preferable to work in an atmosphere of carbon 
dioxide and to remove air from the iodine solu- 
tions used in the titrations (Okell, Analyst, 
1935, 60, 803). Many metals, including arsenic 
and antimony, are without effect. 
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(6) By Chloramine-T . — The concentration of carbonate (U0 j)C0 3 ,2(N HjLCOj. The fib 
acid must not exceed 5% ; starch and a crystal trate is concentrated considerably, acidified with 
of potassium iodide are added, and the solution hydrochloric acid, the CO a boded off, and the 
is titrated by JV/IO chloramine - T (set p. 663). uranium precipitated as {NH|) t U s O, by addi- 
StanNIO Salts. — Before titration with iodine, tion of ammonia. The precipitate is heated at 
stannic salts must bo reduced ; this may be 170°C. with dilute sulphuric acid in an atmo- 
accompli3hed by heating the hydrochloric acid sphere of carbon dioxide, and the cooled solution 
solution with iron, nickel, zinc, antimony, or lead is titrated by A’/lO-permanganate. One thir d 
foil (Chem. News, 1901, 84, 167 ; J.S.C.I. of the uranium is thereby reduced to the quadri- 
1916, 35, 1097T ; 1918, 37, 287T ; Pharm. valent state, whence 1 c.c. of permanganate= 
Weekbfad, 2917, 54, 718 ; 1919, 56. 1466); 0 035S8 g. U. 

hypophosphorous acid has also been used Uranium and Vanadium (v, J. Amer. Chem 
(Analyst, 1931, 56, 171). Soc. 1906, 28, 1443). 

For the determination of tin in ores and alloys, For the determination of uranium in ores, see 

see Chem. News, 1877, 36, 238 ; 1901, 84, 167 ; J. Amer. Chem. Soc. 1934, 56, 277. 

Chem. and Ind. 1934, 63, 615. Vanadium. — (a) By Reduction and Subsequent 

For separation of tin from arsenic and Oxidation. — ( 1 ) The vanadic solution containing 
antimony, set p. 652. sulphuric acid is boiled with sulphur dioxide 

Titanium. — By Reduction and Subsequent until the colour is a pure blue, and the excess 
Oxidation. — It is difficult to obtain accurate of sulphur dioxide then expelled with carbon 
results with quantities of titanium dioxide ex- dioxide ; the solution, containing vanadium salt 
ceeding 0-15 g. The warm, dilute sulphuric acid corresponding to the oxide VjO^, is then 
solution of titanic salt is reduced to the tervalent titrated hot with N/ 10 permanganate. Molybdio 
condition in a Jones Reductor {see p. 660) and acid or uranyl salts are not reduced under these 
delivered into feme sulphate solution {see conditions, (u) The sulphuric acid solution is 
Molybdenum p. 663), ; the equivalent quantity of passed through a Jonea Reductor {see p. CCO) 
ferrous sulphate produced is titrated with N/10- and the reduced solution collected and titrated 
permanganate or -dichromate. as described under Molybdenum. In this case 

Titanium in titanium -pigments may be deter- reduction proceeds as far as the oxide V a O, 
mined by dissolving the material m concentrated (Amer. J. Sci. 1908, 25, 332 ; cf. ibid. 1903, 15, 
sulphuric acid and ammonium sulphate. The 389). (in) VjO, is oxidised quantitatively to 
solution is reduced by liquid zinc amalgam, V t O s by Lang’s iodine cyanide method described 
potassium thiocyanate is added as indicator and on p. 668 (Analyst, 1934, 69, 736). 
titration is earned out with standard ferric alum (6) IodimelncaUy. — To 50 c.c. of approxi- 
solution (Ind. Eng. Chem. [Anal.], 1936, 8, 48 ; mately Jf/30-vanadate solution, 2 c.c. of con- 
Knecht and Hibbert, “ New Redaction Methods centrated sulphuric acid are added and the 
in Volumetric Analysis,” 1925). solution is boiled in a 400 c.c. conical flask in a 

Titanium and Iron { see Iko.y, p. C62 ; cf. also stream of carbon dioxide. The inlet tube should 
J. Amer. Chem. Soc. 1895, 17, 878). reach to about 1 cm. above the surface of the 

Tungsten. — By Reduction and Subsequent liquid and the outlet tube should dip under 
Oxidation. — The reduction by zinc and hydro- water. Carbon dioxide is passed through con- 
chlonc acid leads to variable results {cf. Ind. tmuously, and the flask is cooled to room tem- 
Eng. Chem. [Anal.], 1934, 6, 476). It is claimed perature. Solid potassium iodide (3 g.) is 
that, by reduction with lead amalgam, tungstato quickly added, the rate of flow of gas is reduced 
is reduced exactly to W a O s , whereas with so that iodine is not lost 
bismuth amalgam, reduction proceeds to W t O s iv n x9H l=V O 4 - H 04- 1.1 

(Z. anorg. Chem. 1927, 163, 206). l v *°s+ 2 M, “ v : 04 +«»°+'jb 

UtaTHUm. — [a) By Rwluttu/n arid Subsequent anti alter shaking gently for 2 salswAee, flh* 
Oxidation. — The solution is reduced by passage solution is diluted to about 300 c.c. with cold, 
through a Jones Reductor (see p. 660). Reduc- boiled-out, distilled water, and titrated by 
tion proceeds a little too far, but oxidation to N / 10 thiosulphate in presence of starch (J. 
the uranous state (U IV ) is accomplished by Amer. Chem. Soc. 1927, 49, 1138 ; see also ibid. 
bubbling air through the solution for a few 1929, 51, 1366). 

minutes until the dingy green colour changes Vanadium and Chromium {v. Bull. Soc. chim. 
to a bright green. The solution is titrated by 1904 [ill], 38, 962 ; Amer. J. Sci. 1908, 28, 333 ; 
A'/lO-permanganate or -dichromate (J. Amer. Analyst, 1928, 53, 475). For rapid method of 
Chem. Soc. 1925, 47, 2637) , in the latter determination in steels, see Ind. Eng. Chem. 
titration, 2% ferric chloride solution (25 c.c.) [Anal.], 1933, 5, 158. 

can be added to accelerate the colour change of Vanadium and Uranium. — Since uranyl salts 
the diphenylaminesulphonic acid used as are not reduced by sulphur dioxide, vanadium 
indicator (J. Amer. Chem. Soc. 1933, 55, 1871). can be determined in presence of uranium by 
(5) By Oxine. — Uranium is precipitated as method (a) (i) {see also J. Amer. Chem. Soc. 
UO t (C.H,ON) fl C t H 7 ON (Mcmatsh. 1929, 53, 1906, 28, 1443). 

596) and determined bromometn rally (seep 650) Vanadium and Iron. — See under Iron, p. G6l ; 

(c) Separation from Iron and Aluminium . — also J. Amer. Chem. Soc. 1908, 80, 1229, 1233). 
The acid solution, containing ammonium salts. Vanadium and Molybdenum. — See Amer. J. 
is mixed with an excess of ammonium carbonate Sci. 1903, 25, 332, and also method (a) (i) above, 
and sulphide in a closed flask. The precipitate Zinc. — (a) By Potassium Ferrocyamde.— 
contains the iron and aluminium, and the (i) The chloride solution, containing 3 cc. o* 
uranium remains in solution as the double concentrated hydrochloric acid in 250 c.c.. u 
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heated nearly to boiling, and titrated with 
jf / 20 -potassium ferrocyanide solution (21-11 g. 
per litre, standardised against pure zinc) until 
one or two drops of the solution produce a brown 
coloration with a drop of a strong solution of 
uranium nitrate (J. Amer. Chem. Soc. 1900, 22, 
198 : 1904, 26, 4 ; 1908, SO, 26) or ammonium 
molybdate (Chem.-Ztg. 1906, 29, 951 ; J.S.C.I. 
1909, 28, 1138) solution, the latter being the 
more sensitive. 

(ii) The method is greatly improved by use 
of an internal indicator (J. Amer. Chem. Soc. 
1927, 49, 356). The solution, 100 c.c. containing 
0-10-0-15 g. of zinc, 5 c.c. of concentrated sul- 
phuric acid, 10 g. of ammonium chloride or 
sulphate, and three drops of 1% diphenyl- 
benzidine solution in concentrated sulphuric 
acid, is titrated by jlf /20-potassium ferrocyanide 
solution containing a little ferricyanide (0-2 g. 
per litre). The solution soon acquires a blue- 
violet coloration, which changes sharply to a 
pale green at the end-point. The precipitate 
having the composition K 2 Zn 3 [Fe(CN) 6 ] 2 , 3 
atoms of Zn —2 mols. of ferrocyanide. With 
small quantities of zinc the colour may be slow 
in appearing, but addition of some of the liquid 
and suspension resulting from an accurately 
completed titration wiE bring this about. This 
elegant method is not always reliable, but 
deserves further investigation. 

(b) By Oxine . — Zinc is precipitated as 
Zn (C 9 H 6 0 N) 2 and determined bromometricaEy 
(see p. 650). Separation from magnesium is 
effected both from tartrate and from acetate 
solutions (Z. anal. Chem. 1927, 71, 122, 225 ; 
Analyst, 1933, 58, 388). 

For determination of zinc in ores and aUoys, 
see J, Amer. Chem. Soc. 1907, 29, 205 ; Chem.- 
Ztg. 1905, 29, 951 ; J.S.C.I. 1905, 24, 228, 1278. 

For determination in zinc dust, see Z. anal. 
Chem. 1890,. 29, 253. 

For determination of zinc in foods, see 
Sylvester and Hughes, Analyst, 1936, 61, 734. 

Zirconium . — By Oxine . — Zirconium is pre- 
cipitated as Zr(C 9 H„ON) 4 in absence of 
chloride, and determined volumetricaUy (see 
p. 650) (Z. anal. Chem. 1935, 101, 101). 

A. D. M. and A. M. W. 

COLORIMETRIC ANALYSIS. 

Methods for the Determination of Metals and 
Acid Radicals. 

The principle of colorimetric analysis consists 
m the formation of highly coloured substances 
resulting from the action of chosen reagents. 
It sometimes happens that, within certain Emits, 
the intensity of the colour produced is a linear 
f unction of the concentration of the substance 
vtich is being determined ; this, however, does 
not always obtain and it is then necessary either 
to prepare standards which exactly balance the 
actual test or to construct a curve showing the 
relation between the intensity of the colour and 

ho amount of the substance giving rise to it. In 

iscussing the colorimetrio determination of lead 

lRoo th ^ 8ulphide method > Warington (J.S.C.I. 

“ 0 , 12, 97) stressed the importance of making 
comparisons with standards containing the same 
q antity of dissolved salts as are present in the 
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solution under examination. Later, it was 
shown by Hill (Chem. and Druggist, 1905, 77, 
388) that “ the colour given by a definite 
quantity of lead sulphide in a solution of any 
given salt is sensibly the same for different 
concentrations of the salt, provided that the 
concentrations vary between certain Emits.” 
Hence, in determining lead present as an im- 
purity in soluble colourless salts, it is now 
customary to treat a solution containing 7 or 
12 g. of the salt under examination with the 
appropriate reagents and to match the resulting 
colour against a series of standards simEarly 
prepared and each containing 2 g. of the same 
substance. The degree of accuracy attainable 
by colorimetric methods approximates to about 
±5%, which, having regard to the extreme 
sensitivity of many of the reactions, is generaEy 
amply sufficient for most purposes. 

Many 7 instruments (colorimeters) are avail- 
able for measuring the colours produced by 
chemical reactions. Quite apart from these, 
a novel and useful apparatus known as the 
B.D.H. Lovibond NessleriBer has recently been 
introduced which is of special interest in 
colorimetric analysis (see p. 670). It consists 
essentiaEy of a bakeEte case for holding ver- 
ticaEy two Nessler glasses between a reflector 
and a detachable rotating disc having nine 
apertures containing a series of graded per- 
manent glass colour standards. Each disc con- 
stitutes a series of ready-made standards 
designed for one particular test conducted under 
specified conditions. Discs are avaUable to suit 
many of the colorimetric methods in common 
use, and the manufacturers are continuaEy 
extending the range. 

Colorimetric analysis finds its widest appH- 
cation in biochemical work where the determina- 
tion of minute quantities of constituent sub- 
stances is of great importance. Limitations of 
space preclude any description of these methods 
here, but many colorimetric processes are 
described under separate headings, e.g. the 
determination of ammonia and of nitrites in 
water. In this article only those metals and 
acid radicals are mentioned for which satis- 
factory methods are at present avaEable. 
FinaEy, it may be observed that the principles 
of colorimetry have been appEed to the deter- 
mination of the most widely diverse substances ; 
e.g. reducing sugars, vitamin- A, cholesterol, 
bilirubin, vegetable alkaloids, and also rancidity 
in fats. The technique for many of these 
tests is described under the appropriate heading. 

Metals. 

Aluminium. — The ammonium salt of aurine 
tricarboxyEc acid, proposed by Hammett and 
Sottery (J. Amer. Chem. Soc. 1925, 47, 142) as a 
quah'tative test, has been appEed as a reagent 
for quantitative work by Lampitt and Sylvester 
(Analyst, 1932, 57, 418). For the determination, 
5 c.c. of the neutral solution under test, contain- 
ing not more than 0-06 mg. of A I are mixed in a 
flask with 2 c.c. of 5A T -HC1, 5 c.c. of 5A T - 
ammonium acetate, 20 c.c. of 50% (by volume) 
aqueous solution of glycerol and 5 c.c. of a 0-2 / 0 
aqueous solution of the reagent. The flask is 
immersed in boiling water for 5 minutes, then 
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cooled in »ec water for 3 minutes and the con- Antimony. — A method using potassium iodide 
tents transferred to a 50 c.c. graduated flask and pyridine has been proposed by Clarke 
containing 3 c.c of ammonia -ammonium car- (Analyst, 1928. S3, 373) and is applied to the 
bonate solution made by mixing equal volumes determination of antimony present as impurity 
of lO.V-ammomum hydroxide and 2 A*- in tin. The preliminary separation is effected 
ammonium carbonate. After dilution to the by Reinsch's reaction, the antimony being finally 
mark, the colour of the solution is measured in dissolved in 20 c.c. of 25% (by volume) sulphuric 
a Lovibond tintometer using a j-in. cell. The acid. Into a 100 c c. Nesder glass, 10 c.c. of 
measurement must be made exactly 5 minutes 1% gum arable. 5 c.c. of 20% potassium iodide, 
after mixing with the ammonia-ammonium 1 c.c. of 10% aqueous py ridme, 1 c.c. of sulphur 
carbonate solution The Al content of the dioxide solution (1/10 saturated) and GO c.c. of 
solution is derived from the expression dilute (1 3) sulphuric acid and the solution of 
(f?— 0 55) X 11 ox 10~* g., where R is the calm antimony are added successively. A standard 
of the red component in Lovibond units. This antimony solution (made by dissolving tartar 
method, although complicated, is probably the emetic in 10% sulphuric acid and containing 
best yet available 0-1 mg. Sb per c.c.) is run into another Kessler 



The B.D H. Lovibond Xe«lenscr manufactured by The Tintometer, Ltd , 
Salisbury, in association with The British Drug Houses, Ltd , London, X.I. 


glass containing similar quantities of reagents The yellow colour due to bismuth is matched 
(except that 80 c.c. of 1*3 sulphuric acid are against standards containing the same concen- 
nsed in place of 60 c.e.) until a match is obtained. tration of free sulphuric acid. The standard 
Not more than 10 c.c. of standard solution should solution is prepared by dissolving 0 05 g. of 
be used in making the final determination metallic bismuth in 10 c.c. of concentrated 

Bismuth. — The yellow colour formed when sulphuric acid and diluting to 1 litre with water, 
potassium iodide is added to a solution of (“ Report of The Fiscal Policy Joint Committee, 
bismuth in dilute sulphuric acid containing a Brass. Copper and Nickel Silver Industries, 
trace of sulphurous acid is still the most suitable on The Determination of Bismuth in Copper, 
for quantitative work. The addition of organic 1935 abstracted. Analyst, 1935, 60. 554). 
bases such as cinchonine (Feigl and Neuber, Chromium. — In acid solution chromates 

Z. anal. Chem. 1923. 62, 369) or quinine (Anbry, form a soluble violet compound with diphenyl- 
J. Pharm. Chun. 1922, 25, 15), although in- carbazide and the reaction can be employed for 
creasing the sensitivity, is not very reliable, colonmetnc determination. The liquid con* 
The bismuth is dissolved in sulphuric acid and taming chromate is acidified with sulphuric or 
suitably' diluted ; to about 15 c.c. of the solu* acetic acid and mixed with a small quanttty of 
tion to be tested arc added 10 c.c. of 2% solution a 0 2% solution of diplieny Icarbazide in a 
of potassium iodide, any free iodine which may mixture of 1 part of glacial acetic acid and 
be liberated is remored by adding 0 6% sal- 9 parts of alcohol. Chromium sal(s in solution 
phnrous acid, and the liquid diluted to 30 c.c. may be first oxidised by acidifying with a 
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mineral acid and adding a little bromine water 
followed by excess of sodium hydroxide. After 
mixing, the excess of bromine is removed by the 
addition of a trace of phenol, the reagent added 
and the mixture acidified with dilute sulphuric 
acid. Hg, Mo, Co, Cu, Pb, Ni, and Ag all 
interfere ; permanganate, if present, may be 
removed by boiling with alcohol. The test is 
sensitive to 1 part in more than a hundred 
millions (Cazeneuve, Compt. rend. 1900, 131, 
346 ; Stover, J. Amer. Chem. Soe. 1928, 50, 
2303). 

Cobalt. — This metal is conveniently deter- 
mined by using a-nitroso-j8-naphthol. A re- 
agent solution is prepared by boiling 0-1 g. of 
the solid with 20 c.c. of water and 1 c.c. of dilute 
sodium hydroxide, filtering and diluting to 
200 c.c. To the neutral or slightly alkaline 
solution to be tested are added 5 c.c. of alkaline 
ammonium citrate solution (500 g, of citric acid 
dissolved in 250 c.c. of water and 500 c.c. of 
ammonia sp.gr. 0-880) and 1 c.c. of the reagent 
and the mixture diluted with water to 100 c.c. 
A claret colour is formed in the presence of 
cobalt. The method is suitable for concentra- 
tions between 0 01 and 0-1%. Fe, Zn, and 
Pb do not interfere, but more than traces of 
Cu, Ni and Mn should be removed (Atack, 
J.S.C.I. 1915, 34, 641T ; Jones, Analyst, 1918, 
43, 317). According to Bellucci (Gazzetta, 1919, 
49, 294), /?-nitroso-a-naphthol is about 8 times 
more sensitive than a-nitroso-)3-naphthol. 

Chiarottino (L’lnd. Chimica, 1933, 8, 32) has 
proposed the use of a freshly prepared alcoholic 
solution containing 0-5% of benzidine and 0-25% 
of dimetliylglyoxime, 1 c.c. of which is added 
to 50 c.c. of the solution under test, previously 
acidified with hydrochloric acid and containing 
2 g. of ammonium acetate. An intense orange 
colour iB produced by cobaltous ions, 0-01 mg. 
Co giving a distinct reaction. Relatively large 
amounts of Pt>, Hg, Al, Ba, Sr, and Ca are 
without influence, but Sn, Cu, Cr, and more 
than traces of Fe interfere ; Ni may be first 
removed with dimethylglyoxime. The test is 
inapplicable in the presence of sulphates. 

Copper. — Dithio-oxamide (rubennic acid), 
suggested as a test for copper by Ray and Ray 
(Quart. J. Indian Chem. Soc. 1926, 3, 118) has 
been employed for colorimetric work by Allport 
and Skrimshire (Quart. J. Pharm. 1932, 5, 461), 
who also give a process for determining traces 
of copper present in iron salts. To 50 c.c. of 
the neutral solution under test, containing not 
more than 0 06 mg, Cu, 1 g. each of ammonium 
nectate and acetic acid are added, followed by 
1 c.c. of a 0-1% alcoholic solution of dithio- 
oxamide, nnd thejyellow to olive-green coloration, 
is matched by preparing standards. No com- 
monly occurring colourless ions interfere. To 
determine copper in iron salts and medicinal 
preparations, the material (about 2 g.) is oxidised 
by heating with sulphuric acid nnd 30% hydro- 
gen peroxide, the residue dissolved in hydro- 
chloric acid nnd the solution treated with citric 
acid followed by a slight excess of ammonia ; 
the copper is then extracted by shaking with a 
0-1% chloroform solution of diphenylthio- 
carbnzonc, the extracts evaporated to dryness, 
the excess of reagent in the residue destroyed 


by wet-eombustion and the resulting acid solu- 
tion diluted, neutralised and examined for 
copper as above. 

Sodium diethyldithiocarbamate is also fre- 
quently employed, but many other metals 
interfere (Delepine, Compt. rend. 1908, 146, 981 ; 
Callan and Henderson, Analyst, 1929, 54, 650). 
For the determination of traces of copper in 
iron salts, removal of iron by ammonia is in- 
applicable owing to partial adsorption of copper 
by ferric hydroxide (Hamence, Trans. Faraday 
Soc. 1934, 30, 299). Haddock and Evers 
(Analyst, 1932, 57, 495) avoid this difficulty by 
extracting the coloured copper compound 
formed when the reagent is added to alkaline 
ferric iron solutions containing ammonium 
citrate by meanB of carbon tetrachloride and 
measuring the depth of the resulting coloured 
extract with a Lovibond tintometer, the value 
of the yellow units being correlated with the 
amount of copper present. The method is 
convenient, but is inapplicable in the presence 
of more than 0-1 g. of iron. The same reagent 
is employed by Sylvester and Lampitt (Analyst, 
1935, 60, 376) for the determination of copper 
in foods, the preliminary isolation being effected 
by extraction with diphenylthiocarbazone. 

Iron. — Thioglycollic acid which, in the pre- 
sence of ammonia, produces a purple colour with 
a trace of either ferrous or ferric iron, is the 
most useful reagent for colorimetric determina- 
tions (Lyons, J. Amer. Chem. Soc. 1927, 49, 
1916). Citric acid is added to the neutral or 
slightly acid solution under test, followed by 
0-2 c.c. of thioglycollic acid ; on rendering 
slightly alkaline with ammonia, the colour due 
to iron develops to a maximum in about 2 
minutes and is permanent for 15 minutes. The 
test is sensitive to 1 part of iron in 5 million 
parts of solution. Co, Ni, Cr and oxidising 
agents interfere, but otherwise the test is 
applicable in the presence of many of the 
common metals and acid radicals. Sulphites 
should be oxidised with potassium permanganate 
and excess of the latter removed with oxalic 
acid. 

Lead. — The well-known sulphide method is 
still probably the best. For an account of pre- 
cautions which should be observed and details 
for securing accurate results, see Reith and do 
Beus (Z. anal. Chem. 1935, 103, 13 ; Analyst, 
1935, 60, 836). A method for the isolation of 
traces of lead from organic material and from all 
other common metals except bismuth and thal- 
lium has been worked out by Allport and 
Skrimshire (Analyst, 1932, 57, 440). 

Magnesium. — The “spot test” employing 
p-nitrobenzencazoresorcinol may be modified 
for the colorimetric determination. It is neces- 
sary to add a protective colloid such as starch- 
glyeerite. 1 Owing to the interference of other 
metals the method has only a limited appli- 
cation. Titnn-yeHow, proposed as a reagent 
for magnesium by Kolthoff (Chem. Week blad, 
1927, 24, 254), is useful although the sensitive 
range is limited. ■ Traces of magnesium in 
calcium salts may be separated without loss by 

1 A transparent jell} - made by beating at 140' a 
mixture of log. of starch, 20 c.c. of water, nnd 70 c.c. 
of glycerol. (Timm, Jnd. Eng. Chem. Ana!.], 1030, 2, 8). 
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adsorption and subsequently determined as 
follows : To the boiling solution to be tested 
{containing about 0-4 g. Ca), occupying a volume 
of approximately 40 c.c. and 6bghtly acidified 
with acetic acid, are added Blowly 22 c.c. of 
10% ammonium molybdate solution and the 
mixture is boiled for 15 minutes. After cool- 
ing. the volume is adjusted to 50 c.c. and the 
mixture filtered. An appropriate quantity of 
the filtrate is diluted to 20 c.c. with water, and 
0 5 c.c. of a 0 1% aqueous solution of titan- 
yellow added, followed by 10 c c. of 5A'-NaOH. 
The standards for comparison should not con 
tain more than 0 05 mg. Mg, since the pink 
colour produced does not show clear gradation 
with larger quantities (“ 4 AnalaR ' Standards 
for Laboratoiy Chemicals," 1937, p. 61). 

Manganese. — Oxidation to permanganate by 
means of periodate is best for colorimetric work. 
The reaction is conducted in mineral acid solu- 
tion by 10-15 minutes* boiling with an excess 
of potassium periodate and the resulting pink 
colour matched with appropriate standards. 
Any reducing substances which may be present, 
such a3 ferrous iron, should be oxidised by 
preliminary boiling with nitric acid. The effect 
of ferric salts on the final colour should be 
counteracted by introducing the same amount 
into the standards (Willard and Greathouse, 
J. Amer. Chem. Soc. 1017, 39, 2366). 

Molybdenum. — The thiocyanate reaction 
first described by Braun (Z. anal. Chem. 1867, 
0, 86) can be applied quantitatively. To the 
solution containing between 0 001 and 10 0 mg. 
of molybdenum are added 8 c.c. of concentrated 
hydrochloric acid, 6 c.c. of 2% aqueous solution 
of stannous chlonde and 5 c.c. of 10% aqueous 
solution of potassium thiocyanate, and the 
mixture is diluted to 50 c.c. with water. The 
red colour produced attains its maximum 
intensity in 5 minutes and may be matched 
directly against standards, or extracted with 
ether. Hurd and Alien (Ind. Eng. Chem. [Anal.], 
1935, 7, 396) found that with low concentrations 
of acid (0 6%) the colour reaches a maximum in 
8 minutes and then fades, but with 5% of 
hydrochloric acid some fading occurs in the 
first few minutes, but thereafter the colour 
remains nearly constant ; these tests were 
conducted in the presence of 1% of potassium 
thiocyanate and 0 8% of Btannous chlonde. A 
higher Concentration of hydrochlonc acid in- 
duces fading. Not less than 0 6% of potassium 
thiocyanate should be present in the final 
mixture, and the concentration of stannous 
chloride should exceed 0 1%. If sulphuric acid 
19 employed, the final mixture should contain 
10%. These investigators found that extraction 
of the colour with butyl acetate (James, ibid. 
1932, 4, 89) gave anomalous results. 

Nickel, — Dimethylglyoxime in association 
with sodium hypochlorite yields a reddish-brown 
colour with nickel which is permanent for several 
hours (Jones, Analyst, 1929, 54, 582). The 
solution to be tested, which should be slightly 
ammoniaeal and contain between 0 01 and 
0 1 mg. N I, is diluted to 100 c.c. with water and 
mixed with 2 c.c. of an almost saturated alcoholic 
solution of dimethylglyoxime ; 1 c.c. of sodium 
hypochlorite solution is then added, the resulting 


colour being compared \\ ith standards similarly 
prepared. The colour develops to it9 maximum 
intensity in a few minutes. 

Stiver.— The recent application of this metal 
as a sterilising agent has added importance to 
its colorimetric determination. The qualita- 
tive test using p-dimethylaminobenzalrhodanme 
(Feigl, Z. anal. Cbem. 1928, 74, 380) has been 
applied quantitatively by Schoonover (Bur. 
Stand. J. Res. 1935, 15, 377). The neutral 
solution to be tested is mixed with 0 5 c.c. of 
4A’-H NO a and sufficient water to produce 

15 c.c. To this mixture 0 5 c.c. of a 0 02% 
alcoholic solution of p-dimetbylaminobenzal- 
rhodamne is added, and the pink or red colour 
produced matched against standards prepared 
with silver nitrate solution. The test is applic- 
able to solutions containing between 0 06 and 
9 0 mg. of Ag per litre. Soft glass adsorbs silver 
and it is best to employ apparatus made of 
fused silica, but, provided the solutions be not 
warmed, Pyrex glassware may be used. Au, 
Pt, Pd, and univalent Cu and Hg also react, 
while calcium carbonate, sodium nitrate and 
ammonium nitrate increase the depth of the 
colour due to silver if any of them are present 
in amount greater than 1 mg. per litre. Chlorides 
may be removed by evaporating the test solu- 
tion with nitric acid in a silica dish 

Tin.— Although a number of colour tests have 
been proposed, no really satisfactory quantita- 
tive method is available. A study of the 
cacothehne test (Newell, Ficklen and Maxfield, 
Ind. Eng. Chem. [Anal. j, 1935, 7, 26) has shown 
that it is quite unsuitable for quantitative work 
and that, even as a qualitative test, it is subject 
to considerable limitations. The most promising 
process for colorimetric work is that proposed 
by Huttig (Chem.-Ztg. 1923, 47, 341) and 
modified by Feigl {tbid. p. 661). In thefollowmg 
description further alterations have been made 
by the writer, in whose hands the method has 
given encouraging results. A reagent is made 
by dissolving 1 g. of molybdenum trioxide in 

16 c.c. of A 7 -NaOH, diluting with 10 c.c. of 
water and acidifying with 3 c.c. of A-HCI ; 
70 g. of ammonium acetate are dissolved in 
120 c.c. of water and added to the molybdenum 
solution, and the mixture diluted to 200 c.c. 
with more water. The neutral solution under 
test, containing between 0 1 and 1-0 mg. of 
bivalent tin, is mixed with 5 c.c. of the above 
reagent and 10 c.e. of 3N-HCI, and the liquid 
finally diluted with water to 50 c c. The blue 
colour produced attains its maximum intensity 
in about 2 minutes and is permanent for some 
hours. The test is applicable in the presence of 
appreciable amounts of Zn, Cd, As, Sb, Al, 
Ba, Ca, and Mg and smaller quantities (large 
relative to the Sn) of Cu, Pbi and Fe. All 
these, however, tend to alter the shade of colour, 
and the standards should contain approximately 
the Bame quantities of substances other than tin 
which are present in the solution under examina- 
tion. The method might be used for the deter, 
ruination of traces of tm occurring in zinc die 
castings. When the test is conducted as 
described above, extraction of the colour with 
amyl alcohol, as suggested by Feigl, is in- 
applicable. 
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Substituted l:2-dimercaptobenzenes have been 
suggested for the colorimetric determination of 
tin by Clark (Analyst, 1936, 61, 242), and 4- 
methyl-l:2-dimereaptobenzene (“ dithiol ”) is 
commercially available. A few drops of a 
freshly prepared solution containing 0'2% 
of this reagent and 0-4% of thioglycollic acid 
in 1% aqueous solution of sodium hydroxide 
is added to the liquid under test which should be 
previously acidified with hydrochloric acid ; a 
red precipitate is produced in presence of bi- 
valent and quadrivalent Sn. Most other heavy 
metals give yellow precipitates, but those due to 
Cu, Ni and Co are black, while Bi forms abrick- 
red compound. Satisfactory quantitative results 
can be obtained by adding agar-agar and measur- 
ing the colour by reflected light using a Lovibond 
tintometer (Clark, Analyst, 1937, 62, 661). 

Titanium. — The method originally proposed 
by Weller (Ber. 1882, 15, 2593) in which hydro- 
gen peroxide is employed has not been improved 
upon by the newer reagents. The sodium salt 
of chromotropic acid, proposed as a test for 
titanium by Hofmann (Diss., Munich, 1902), 
although useful for qualitative purposes, is not 
so satisfactory in colorimetric work owing to the 
strong coloration produced by traces of iron. 
In applying the hydrogen peroxide method the 
solution to be tested, which may be derived 
from a potassium pyrosulpliate fusion of the 
original sample, should contain not less than 
5% of sulphuric acid. An appropriate quantity 
is transferred to a Ncssler glass, 2 c.c. of 3% 
hydrogen peroxide added and the mixture 
diluted to 50 c.c. with 5% sulphuric acid ; in 
the presence of titanium a yellow colour is 
produced. A standard solution is prepared by 
heating 0-3 g. of potassium titanifluoride with 
several successive portions of concentrated sul- 
phuric acid in a platinum dish until all the 
fluorine is evolved, care being taken not to 
evaporate to dryness, and finally diluting to 
1 litre with 5% sulphuric acid (1 c.c.=0T mg. 
Ti0 2 ). Cr, V, Mo interfere since they also 
give colours with hydrogen peroxide. 

Vanadium. — The intensity of the brownish- 
red colour produced by the action of hydrogen 
peroxide upon acidified vanadate solutions 
depends upon the relative proportions of the 
oxidising agent, free sulphuric acid and vanadium 
present. Meyer and Pawletta (Z. anal. Chem. 
1926, 69, 15) find that a considerable excess of 
acid is required and that the ratio V : H 2 0 2 
should not exceed unity. The substance to be 
tested is fused with sodium carbonate or nitrate, 
the mass dissolved in 15-20% sulphuric acid, 
and after some minutes the solution is treated 
with one drop of 3% hydrogen peroxide. Under 
these conditions it is stated that the test will 
detect 1 part of V in 160,000 parts of liquid. 

Acid Radicals. 

Fluorides. — The colorimetric method de- 
pending upon the bleaching action of fluoride ions 
on acidified pertitanate solutions was originally 
proposed by Steiger (J. Amer. Chem. Soc. 1908, 
30, 289) and developed by Merwin (Amer. J. 
Sci. 1909, 28, 119). To about 50 c.c. of the 
approximately neutral solution under test are 
added 10 c.c. of 65% sulphuric acid, 3’ c.c. of 
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3% hydrogen peroxide and 10 c.c. of standard 
titanium sulphate solution. Tho mixture is 
diluted to 100 c.c. and the tint compared with 
that of mixtures made with known amounts of 
fluorine prepared from standard sodium fluoride 
solution. The titanium sulphate solution is 
prepared in the same way as indicated in the 
description of the colorimetric determination of 
titanium, excepting that it should be ten times 
stronger (1 c.c. =1-0 mg. TiO a ). For the deter- 
mination of fluoride in basic slag by this method 
see Warren, Gimingham, and Page (J. Agric Sci. 
1925, 15, 516) whose method is given by Mitchell 
and Ward (“ Modern Methods in Quantitative 
Chemical Analysis,” Longmans, Green & Co., 
1932). 

Nitrates. — Kolthoff and Noponen (J. Amer. 
Chem. Soc. 1933, 55, 1448) recommend a 
0-0061f solution of sodium diphenylamine- 
sulphonate as a convenient reagent. To 10 c.c. 
of the cold solution to be tested, containing 1% 
of potassium chloride, are added 10 c.c. of con- 
centrated sulphuric acid, the mixture being kept 
cool under running water, and 0-1 c.c. of the 
reagent. Standards are prepared with 1% 
potassium chloride solution containing from 0-1 
to 5-0 mg. of nitrate per litre. The interference 
of nitrites can be eliminated by boiling with 
ammonium chloride ; urea should not be used 
since it disturbs the formation of the colour due 
to nitrate. Blom and Treschow (Z. Pflanz. 
Dung. 1929, 13, A, 159) employ 2:4-xylenol as a 
reagent for the colorimetric determination of 
nitrates occurring in soils and plants. The 
5-nitro-2:4-xylenoI formed by the reaction is 
volatile in steam and gives an intense coloration 
with sodium hydroxide. McVey (J. Assoc. Off. 
Agric. Chem. 1935, 18, 459) has applied the 
method to meat products. 6-10 g. of the 
minced sample are extracted by heating with 
80 c.c. of water for an hour, the mixture cooled, 
diluted to 100 c.c., filtered, and 40 c.c. of the 
filtrate rendered just acid by means of sulphuric 
acid to bromocresol-green indicator. Nitrites 
are oxidised by adding O-flA-potassium per- 
manganate drop by drop until a faint pink 
colour persists for 1 minute ; the proteins are 
then precipitated by adding 1 c.c. of 10% 
sulphuric acid, followed by 1 c.c. of 20% 
solution of phosphotuDgstic acid. The mixture 
is diluted to 50 c.c., and an aliquot part of the 
filtrate, containing 0-15-0'25 mg. of nitrate and 
not exceeding 20 c.c. in volume, is treated with 
silver ammonium hydroxide solution (see below) 
to precipitate any chlorides and to remove 
excess of phosphotungstic acid. Three volumes 
of 85% sulphuric acid are now added, the 
liquid cooled to 35°, and treated with three drops 
of a 1% aqueous solution of 2:4-xylenol ; the 
product is maintained at 35° for 30 minutes, 
then diluted with 100 c.c. of water, and 50 c.c. 
of the liquid are distilled into a receiver contain- 
ing 5 c.c. of 1% sodium hydroxide ; the liquid, 
which will bo coloured yellow or orange-red if 
nitrates are present in the sample, is diluted to 
an appropriate volume. A standard distillate 
is prepared by mixing 1 c.c. of 0 0375A r -nitric 
acid (1 c.c. =0-5 mg. nitrate nitrogen) with 4 c.c. 
of water and 15 c.c. of S5% sulphuric acid, 
cooling to 35°, and carrying out the nitration 
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and distillation as described above. After dilu- 
tion to 500 e c., suitable quantities are employed 
to mate a senes of standards in Nessler glasses. 
The silver ammonium hydroxide solution is 
made by dissolving 5 g. of silver sulphate m 
60 c.c. of 10% ammonia, boiling until the 
volume is reduced to 30 c.c. and then diluting 
with water to 100 e.c. 

Phosphates. — Demg&s’s modification of the 
coeruleomolybdic-stannous chloride test (Compt. 
rend. 1920, 171, 802) has been improved by 
Truog and Meyer (Ind Eng. Chem. [Anal.], 1929, 
1, 136). To the neutral solution under te3t are 
added 4 e c. of a 2 5% solution of ammonium 
molybdate in lOA'-suIphunc acid and 0 3 c.c. of 
freshly prepared stannous chloride solution 
(2-5% SnCJj,2HjO in 10% concentrated hydro 
chloric acid) and the mixture diluted to 100 c c. 
The blue colour produced should be matched 
within 10 minutes. The standard solution 
(1 c.e.-'O 005 mg. P) is made by dissolving the 
appropriate amount of potassium dihydrogcn 
phosphate in 0 OOIJV-suIphunc acid. The test 
is sensitive to 0 005 mg. P. Up to 700 ppm. 
of SiOj may be present without influencing the 
results, but more than 6 p.p.m. of ferric iron or 
20 pp.ra. of TlOj interfere, while 200 ppm. 
of potassium nitrate reduce the colour intensities 
by about 10% Appreciable quantities of Al, 
Mn, Ca and Mg do not affect the results 
Arsenates behave similarly to phosphates but 
may be first reduced by treatment with hydrogen 
sulphide in acid solution and the test for phos 
hates subsequently applied after the liquid 
as been well boiled and sulphur removed 
by filtration with paper pulp Of the tests 
using organic reducing agents that pro 
posed by Tschopp and Tschopp (Helv. Chim 
Acta, 1932, 15, 793) is the most reliable. To 
25 c.c. of the solution under test arc added let. 
of ammonium mol} bdate solution (5% in 
A'-HjSQ,) and 2 c c. of a solution containing 

0 1% of p-mcthylaminophenol sulphate (metol), 
20% of sodium metabisulphitc and 0 5% of 
sodium sulphite (crystal). The mixture is 
warmed to 60° for 10 minutes, cooled, diluted 
to 50 e c. and the blue colour matched with 
standanh similarly prepared. The teat will 
detect 0 004 mg. P ; it responds to silicates, 
but under the above conditions it is seventeen 
times Jess sensitive to silicates than to 
phosphates. 

Silicates. — The colorimetric method depend- 
ing upon the production of a jeltow colour on 
the addition of an acid solution of ammonium 
molybdate introduced by Schreiner (J. Aroer. 
Chem. Soc. 1903, 25, 1056) was modified by 
Isaacs (Bull. Soc. Chim. biol. 1924,6, 157), who 
employed sodium sulphito in order to form the 
blue complex. Several alternative reducing 
agents have been recommended by subsequent 
investigators. Phosphates also react but Pam 
and Scotti (J. Pharm.Chim. 1933, [viuj, 18, 513) 
prevent their interference by aoding ammonium 
citrate and Rodillon (Bull. Biol. Pharm. 1934, 
1, 33) has further modified the method with the 
object of depressing the sensitivity to phos- 
phates. The solution to be tested is acidified 
with dilute sulphuric acid, and 1 c.c. mixed with 

1 c.c. of a 10% solution of ammonium mol} bdate, 


1 c.c. of 95% alcohol and I c c. of ammonium 
citrate solution (2 g. of citnc acid in 10 c.c, of 
water and 10 c.c, of strong ammonia) and the 
mixture heated to 60° until the } ellow colour 
is fully developed. After cooling 0-35 g. of 
hydrox}lamine hydrochloride and 0 33 g. of 
sodium hyposulphite are dissolved in the 
mixture, which is then diluted to 10 cc„ or 
other convenient volume, filtered if necessary, 
and the blue colour matched, against standards 
similarly prepared. The standard silicate solu- 
tion is conveniently made by fusing 0 05 g of 
pure silica with 2 g. of sodium bicarbonate and 
diluting the solution of the fused mass to 500 c c. 

Sulphates. — Hubbard’s method (J. Biol. 
Chem. 1927, 74, V ; 1930, 88, 663) has been 
modified by Cuthbertson and Torapsett (Big- 
chem. J. 1931, 25, 1237). It is applied to the 
determination of Bulphates in blood, but the 
process should be suitable for general appli- 
cation where minute quantities have to be 
determined. To 2 5 c.c. of the liquid to be 
tested, contained in a 15 c.c. centrifuge tube, 
are added 5 c.c. of a 0 5% solution of benzidino 
in acetone. After mixing, standing for 30 
minutes, and centrifuging, the supernatant 
hquid is poured off, the precipitate of benzidine 
sulphate washed twice with acetone, and the 
tube inverted over filter paper until the interior 
has dried The precipitate is then dissolved by 
warming with 1 c.c. ot A T -HCI and, after cooling, 

0 3 c c. of a 0 1% aqueous solution of sodium 
nitrite is added, followed after the lapse of 

1 minute, by 2 5 c c of a 15% aqueous solution 
of sodium h}droxide and then 2 5 e.c. of a 1% 
solution of th}tnol in 10% aqueous sodium 
h}droxide. The red colour produced is com- 
pared w ith standards made by mixing 2 c c. of 
standard benzidine hydrochloride solution with 
1 e.c. of sodium nitrite solution and, after 
standing 1 minute, adding 5 c.c. of 15% sodium 
hydroxide, shaking and mixing with 5 e c. of the 
alkaline thymol solution. The standard benzi- 
dine hydrochloride solution is prepared by 
diluting a 0 4014% solution of the h} drochlonde 
in A’-HCI (1 c.c. of which is equivalent to 
0 5 mg. of sulphur) so that a senes of standards 
13 obtained in which ice. contains bcmithne 
equivalent to 0 0025 up to 0 08 rog. of sulphur. 

Bibliography. — Freund, “ Colorimetry : its 
Applications to Anal} ticaland Clinical Practice," 
English trans , Bamford, published by Author, 
Vienna ; Snell and Snell, “ Colorimetric Methods 
of Anal}sis including some Turbidomctnc and 
Nephelometric Methods ” (Vol. 1. — Inorganic), 
London, Chapman and Hall, 1936. N. L. A. 

GAS ANALYSIS. 

The Methods of Gas Analysis, — Methods 
of gas anal} sis may conveniently be grouped 
under the following heads : (l) Volumetric 

Methods — (This term is here restricted to pro- 
cesses m which gat volumes ore measured.) 
The principle, which was worked out by 
Cavendish and by Bunsen (” Gasomctnsehe 
Mcthodcn,” 2nd cd. 1887) is to measure the 
volume (i.e. molar quantity) of a gas sample, 
and by mentis of selective chemical reaction* 
remove the various constituents m succession, 
the qu in titles so removed being measured by 
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the resulting diminutions in volume, (ii) Special 
Chemical Methods. — These comprise colorimetric, 
titrimetric, and gravimetric methods, and are 
generally used where volumetric methods are 
inapplicable, owing to the nature of the gases 
present, or to the small proportion of the con- 
stituent tested for, (iii) Physical Methods . — 
In these, constituent gases are determined by 
virtue of their physical properties. 

Sampling. — The two important considera- 
tions in taking a gas sample are (i) the taking 
of a representative sample, and (ii) subsequent 
protection of the sample from change in com- 
position. In sampling gases from large bottles, 
autoclaves, etc., care must be taken to ensure 
that adequate mixing of the constituents has 
taken place. With cylinders, especially those 
containing a liquid phase, the composition of 
the gases taken from a full and from a partly 
empty cylinder are not necessarily the same. 
Gases flowing through large pipes may differ in 
composition between the sides and middle of 
the pipe ; in such cases the sampling tube is 
made to pass through the pipe from one side 
to the other, and is pierced with holes (of 
appropriate different sizes) at different points, 
in such a way as to give a representative 
sample. For flue gases, the open end of the 
sampling tube should be exposed to the main 
current of ascending gases ; the exact place 
for the sampling tube is chosen by trial from 
results of tests carried out to show which position 
gives the best indication of fluctuating firing 
conditions. For taking representative samples 
of gases of fluctuating composition, devices have 
been described by Gray (J.S.C.I. 1913, 32, 1093) 
and by Pexton and Hutchison (ibid. 1929, 48, 
242). Where gas of fluctuating composition is 
being generated at a fluctuating rate, devices 
are used ,to take the sample at a rate propor- 
tional to the rate of production (see “ Fuel 
Research Board, Report for Year ended 
31/3/1929 ”). 

A convenient vessel for taking samples of up 
to 100 ml. is illustrated in Fig. 1. Admission 
of air during sampling is prevented by blowing 
or drawing gas through the side-branch to 
remove air from the connections. Samples for 
precise analysis should be stored over mercury ; 
if stored in vessels of the type shown in Fig. 1, 
the gas should be at slightly positive pressure, 
and the capillaries leading to the taps filled 
with mercury. The most satisfactory way of 
storing small samples (up to 50 ml.) is in 
inverted test-tubes standing in a mercury 
trough. This involves, however, the use of a 
vessel with a siphon tube, and a suitable 
mercury trough, for transferring the sample to 
the analysis apparatus. 

Rubber connections should be as short as 
possible, particularly where either hydrogen or 
carbon dioxide is an important constituent of 
the gas. For the sampling of hot gases, tubes 
of porcelain, or, where there is no danger of 
corrosion, iron, may be used. 

Volumetric Analysis. 

Apparatus for volumetric gas analysis consists 
essentially of (i) a device for measuring gas 
volumes, and (ii) devices for submitting the gas 


to the action of absorbents or other chemical 
agents. The type to be chosen out of the large 
number of such instruments which have been 
designed for various purposes depends on the 
approximate composition of the gases intended 
to be analysed, and on the accuracy' required. 

Measurement. — The measurement of molar 
quantities of gas involves measurement of 
volume, pressure, and temperature. In practice, 
it is carried out according to one of two general 
methods : (i) measurement of volume in a 

graduated vessel, at a constant pressure (usually' 
atmospheric), or (ii) confining the gas in a 
constant volume and measuring its pressure by 
means of a mercury manometer. The gas must 
be kept either free from water vapour or else 
saturated with it ; the latter practice is almost 
universal (except in micro-analysis, p. 680). 
Temperature is kept as constant as possible ; 
changes of temperature during an analysis affect 
the apparent molar quantity according to the 
relation P V= IIT, and, in addition, according to 
the change of vapour pressure of water with 
change of temperature. With many' types of 




constant -pressure apparatus, the effect of 
variations in temperature (and also barometric 
pressure) is eliminated by the introduction of a 
“ compensator ”, one ty'pe of which is shown 
diagrammatically in Fig. 2. In this apparatus, 
the pressure of the gas in the measuring tube B 
is, by means of the differential manometer M, 
brought to the same pressure as that of a fixed 
quantity of air in the tube C ; since the effect 
of temperature on the gas and moisture con- 
tained in this constant volume is the same as 
that in M, variations in temperature are 
thus compensated automatically. For special 
analyses, involving volume measurements ac- 
curate to 0-01%, the differential manometer 
shown may be replaced by a tilted water mano- 
meter- sensitive to 0 02 mm. of mercury, which 
allows volumes to be adjusted to the equivalent 
of 0-003% on the total volume. 

As regards the treatment of the gases with the 
chemical reagents, some instruments are fitted 
with an absorption chamber which is succes- 
sively filled with the appropriate reagents, while 
others arc fitted with vessels kept permanently 
filled with each of the reagents, the gas being 
introduced-into them in succession. A few of the 
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more important instruments are briefly described 
below. 

Orsat Apparatus . — This is a convenient and 
widely used portable instrument for analyses of 
approximate accuracy (0 5%) and is illustrated 
in a simple form in Fig. 3. The gas is confined 
over an aqueous liquid (e <j. 22% NaCI, con- 
centrated CaClj, 50% glycerin) and is measured 
in a graduated burette of 50-100 ml. volume. 
The gas is brought to atmospheric pressure by 
levelling with the reservoir shown at the bottom 
of the apparatus. For absorption, the gas is 
transferred to any one of a number of absorption 
pipettes, which are all connected, through a 
manifold of capillary tubing, to the measuring 
burette ; the usual absorbents are alkali (for 
CO,), pyrogallol (for O,} and cuprous chloride 
(for CO). En Lunge’s form of the Orsat 
apparatus, combustion of hydrogen, etc , is 
effected by passing the gas through a heated 


simpler forms. *><• Lunge and Ambler, * Technical 
Gas Anal} m,” London, 1934, p. 51 el seq. 

Bone-Wheeler Apparatus — This apparatus 
and ita modifications is probably the mo=t wide-b- 
used instrument for exact anal} sis in Great 
Britain. It is illustrated in a simple form m 
Fig 4. Gas is measured at constant volume in 
the hmb A of the w ater-jacheled (J-tnbo, the 
pressure being measured by the height of the 
column of mercury in the limb B, which is 
graduated in millimetres. The limb A has a 
senes of graduations coinciding m level with 
each integral 100 mm. mark on B. The heights 
of A and B are such, that when a measurement 



capillary tube containing palladiscd asbestos 
(p. 680) This tube, which is heated externally 
by means of a small spint-lamp, is placed 
between the manifold and a pipette filled with 
the confining solution. In other designs, com 
bustion is effected by explosion, or by means 
of a heated platinum wire (Sodeau, Chem. 
News, 1904, 89, 61). In the Hays apparatus, 
the glass taps are replaced by needle-vah es. 
The Oreat type of apparatus has the ad\ ant ages 
of portability and simplicity of manipulation, 
but can be used, at least in its compact and 
simple form, for only a small number of con- 
stituents. In the U.S.A., instruments of the 
Orsat type have been developed Into high-pre- 
cision instruments, which have mercury as 
confining liquid and are not at all portable. 
For details of such instruments, see Burrell and 
Oberfell, J. Ind. Eng. Chem. 1916, 8, 223, and 
Shepherd, Bur. Stand. J. Rea. 1931, 6, 121 ; and 
for fuller details of the Orsat apparatus in its 



is being made, the dosed space aboic tho 
mercury in B is a Torncelban vacuum except for 
water vapour, both limbs being kept saturated 
with water by means of a small quantity of dilute 
■nlphuric acid (2-5%). Absorption is earned 
out in the vessel F, which stands in a mercurj 
trough ; the capillary three-way tap at the top 
connects to the measuring vessel and to a 
bottle or other vessel connected to a filter pump 
or other exhausting apparatus, by means of 
which the reagent, introduced into F by means 
of a pipette, may be removed after absorption 
has taken place. Combustible gases are deter- 
mined by explo'ion with air in the %esscl K, 
which is fitted with a spark-gap. In a number 
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of modifications (c.g. King, Fuel in Science 
and Practice, 1922, 1, 103 ; Donnelly, Foott 
and Reilly, Sci. Proc. Roy. Dublin Soc. 1929, 
19, 105 ; Smith, Gas World, 1919, 71, 342), 
a copper oxide tube (p. 080) is fitted. The Bone- 
Newitt apparatus is a modification in which 
the movement of the mercury is controlled from 
the water supply by means of a special three-way 
water tap. For details, see Himus, “ Fuel 
Testing ” (1924), pp. 185-190. 

Haldane Apparatus. — This is a specialised 
apparatus for the determination of carbon 
dioxide, oxygen and relatively small quantities 
of combustible gases. The gas is measured 
at constant volume in a pipette the graduations 
of which usually cover 20% of the total 
volume ; a compensator is an integral part of 
the instrument. Carbon dioxide and oxygen 
are absorbed by alkali solution and alkaline 
pyrogallol respectively, kept in special vessels 
connected to the measuring vessel ; combustions 
are carried out in a separate vessel fitted with a 
platinum wire which can be electrically heated 
(p. 679). The accuracy attainable is of the 
order of 0-01%. The main application of the 
Haldane apparatus is air-analysis. It is also 
made in a portable form. 

Ambler Apparatus . — The laboratory apparatus 
is a constant- volume apparatus ; the measuring 
vessel consists of three bulbs giving capacities 
of 1, 5, and 10 ml. ; pressures are measured on 
an external mercury manometer connected to 
the measuring vessel by rubber tubing. The 
measuring vessel is connected by a fused glass 
joint to a bulb (fitted with spark-gap) which 
serves both for absorptions and for explosion. 
A portable apparatus is illustrated in Fig. 5. 
Gas is measured in the graduated burette either 
at constant pressure or at constant volume, the 
pressure being measured by a manometer stand- 
ing at the side of the measuring burette. The 
manometer can also be used to correct readings 
obtained at approximately constant pressure 
(by rough levelling of the mercury reservoir 
with the mercury in the burette) to conditions 
of precisely constant pressure. Absorption and 
combustion are carried out in a vessel which is 
connected to the measuring burette through a 
three-way tap ; the gas does not come in con- 
tact with any rubber connections during the 
unalysis. Combustion is effected by means of 
electrically-heated platinum wire. The ac- 
curacy attainable is 0d% on the total gas. 

Determination of Constituent Gases. 

With all these types of apparatus, the methods 
of determination of the constituent gases are 
similar. The main sources of error in deter- 
mination by absorption are (i) incomplete 
absorption duo to insufficient time of contact, 
the use of exhausted solution, or a chemical 
equilibrium being set up between the gas and 
the compound formed by its action on the 
absorbent ; (ii) physical solution of constituent 
gases in reagents designed for the absorption of 
other constituents ; this is reduced to a mini- 
mum by the use of as small quantities of reagent 
us possible and by saturating the reagents with 
the gases with which they have to come in 


contact. This is particularly necessary with 
such instruments as those of Orsat and Haldane 
where small volumes of reagent are not prac- 
ticable. Constituents are usually determined 
in the following order by the methods detailed 
below. 

Carbon Dioxide. — Absorption in alkali solu- 
tion. Potassium or sodium hydroxide of 25% 
strength is to be recommended . except for 
apparatus of the Orsat type where the use of 
40-50% potassium hydroxide reduces the 
number of times necessary to refill the pipettes. 
Whenever high concentrations of carbon dioxide 
are present, appreciable error may be introduced 
by solution of it in rubber connections or tap 
grease (Branham, J. Res. Nat. Bur. Stand. 1934, 
12, 353). 

Unsaturated Hydrocarbons. — These are 
usually absorbed after removal of carbon 
dioxide ; where benzene and its homologues are 
present, however, it is advisable to absorb these 
first of all (with a small quantity of concen- 
trated sulphuric acid) as they are appreciably 



Fig. 5. 


soluble in alkali solution. The most satisfactory 
absorbent for unsaturated hydrocarbons is 
fuming sulphuric acid (20-25% oleum). Absorp- 
tion is usually complete in 2-5 minutes ; 
shaking does not greatty promote absorption, 
but increase of the surface of the reagent by 
means of glass rods, etc., accelerates the process. 
The temperature must be kept above 15°C._ to 
prevent pyrosulphuric acid crystallising out. 
The gas must be treated with alkali solution 
subsequently, to absorb acid vnpours. 

Bromine water (10%) or bromine dissolved in 
10% potassium bromide is also used for the 
complete absorption of unsaturated hydro- 
carbons. 

Acetylene is absorbed by potassium mercuric 
iodide, made by dissolving 25 g. Hgl 2 and 30 g. 
K I in 100 ml. water, and mixing with alkali 
solution immediately before use ; carbon 
monoxide is not affected. 

Benzene may be absorbed by ammoniacal 
nickel cyanide (for preparation, see Dennis and 
McCarthy, J. Amer. Chem. Soc. 190S, 30. 233). 
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All olefines except ethylene are removed by 
absorbt Ion by concentrated sulphuric acid ; these 
can be determined in the presence of ethylene 
treating the gas ruth successor e small quantities 
(2 ml ) of 87 % sulphuric acid ; after four such 
treatments (5 minutes each) the higher olefines 
are absorbed, and the rate of absorption of 
ethylene enables a correction to he made for the 
absorption of it in the earlier stages (ree Manning, 
tl al., Analyst, 1928, 53, 224 ; Sakrnm, Z. anal. 
Chem. 1934, 93, -109 ; Sakmin and Michnowska, 
ibid . 1935, 100, 264). Various metallic salts 
greatly accelerate |the absorption of ethylene 
by concentrated sulphuric acid (Lunge and 
Ambler, op. ctt., p. 94) 

Olefines and acetylenes can also be deter- 
mined Yolumetrically by catalytic hydrogena- 
tion with hydrogen gas ui the presence of a 
nickel catalyst at ca. 180°C (McMillan, Cole and 
Ritchie, Ind. Eng Chem [Anal ], 1936, 8, 105) 
Diolefines can be hydrogenated in the cold 
(Dolgoplosk, Aroer. Chem. Abstr. 1936, 30, 410) 
Butadiene is absorbed quantitatively by molten 
maleic anhydride at 100°C (Tropsch and 
Mattox, Ind. Eng. Chem. [Anal ], 1934, 6, 
104). 

Oxygen, — The nsual absorbent is alkaline 
pyrogallol. For Orsat and Haldane pipettes, 
15 g. pyrogallol in 100 ml. 50% KOH is satis 
factory. For the Bone-Wheeler and similar 
apparatus. 25% aqueous pyrogallol and 40% 
nlkah (NaOH or KOH) are mixed in the ratio 
1 :4 in the absorption pipette. At 20'C. about 
3 minutes’ shaking effects complete absorption , 
below 15° absorption is inconveniently Blow, 
the temperature effect being greater with potas- 
sium than with sodium pyrogallato. With gases 
containing more than about 25% of oxygen, 
some carbon monoxide is always evolved, giving 
low results. With the solution recommended 
for the Haldane apparatus this effect is negligible 
in the case of air if the solution is kept for three 
days before use, or alternatively heated at 
100°C. for an hour (Haldane and Makgill, 
Analyst, 1933, 58, 378). For use at lower 
temperatures and with gases containing much 
oxygen, a solution of 6 6 g. NaOH, 16 g. 
Bodium hyposulphite and 2 g sodium an- 
tbraquinone p sulphonate in 100 ml. water is 
satisfactory (Fieser, J. Amer. Chem. Soc. 1924, 
48, 2639). The solution does not retain its 
activity after more than about a week's storage 
(see also Quiggle, Ind. Eng Chem. [Anal J, 
1936, 8, 363). 

Soitd phosphorus confined over water is widely 
used in Orsat pipettes ; it may also be confined 
over mercury if the sticks arc kept moist with 
water. The ox) gen content should not exceed 
50% and the temperature must be abo\e 15 C C. 
Absorption is complete in about 3 minutes 
Quantities of oxygen up to 0 2% may remain 
unabsorbed however long the contact with the 
phosphorus (Ambler, Analyst, 1934, 59, 593). 
Hydrogen and carbon monoxide may be sbghtly 
attacked, the contractions arising (in the case of 
hydrogen) giving high oxygen figures (if.). 

Ammoniacal Copper. — This is the most 
efficient absorbent for oxy gen, provided carbon 
monoxide, acetylene and ethylene, which it 
also absorbs, are absent. A roll of copper 


gauze is immersed in a mixture of equal volumes 
of ammonia (sp gr. 0 96) and saturated am- 
monium chloride or carbonate. Absorption 
takes place rapidly on the surface of the copper, 
and shaking is unnecessary'. The reagent is 
efficient at temperatures as low as — 7®C. 

Carbon Monoxide. — The usual reagent is 
ammoniacal cuprous chloride. A satisfactory 
composition recommended by Moser and 
Hanika (Z. anal. Chem. 1926. 67, 448) contains 
11-12% CuCI and 13-14% NH,.the remainder 
being water. The solution is made up directly 
from solid cuprous chloride, w ater and aqueous 
ammonia. Absorption is usually effected by 
I minute's shaking ; it is not, however, com- 
plete, solutions which have already absorbed 
more than 0 05 vo! CO per unit volume leaving 
appreciable amounts unabsorbed (Ambler, 
Analyst, 1926, 51, 266) For this reason it is 
necessary to use at least two successive lots of 
reagent, the last consisting of practically 
unused solution. With the Orsat apparatus, it 
is advisable to keep two pipettes filled with 
reagent ; with apparatus of the single absorp- 
tion-vessel ty pe, tw o, or preferably, three suc- 
cessive small lots of unu^pd reagent are used. 
The gas must be subsequently washed with 
water to remove ammonia Acid, and neutral 
saline solutions of cuprous chloride are also 
used (Moser and Hanika. Ic. ; Bruckner and 
Gr5bncr, Gas u Wasserfach, 1935, 78, 269), 
but are not satisfactory for precise work, 
Ammoniacal cuprous lactate (Gump and Ernst, 
Ind. Eng Chem. 1930, 22, 382) is used in a 
similar way. Iodine pentoxide suspended in 
fuming sulphuric acid (22% 1 , 0 , in 10% 
oleum ”) oxidises carbon monoxide rapidly , 
the carbon dioxide produced is subsequently 
absorbed with alkali. For details of the reagent 
and its application, see Lunge and Ambbr, 
op. ci t , p. 107. 

Combustion methods for CO are dealt with 
below. For a volumetric method based on the 
reaction 3H,+ C0 = CH 4 +H,0 under the in- 
fluence of nickel catalyst, set Lunge and Ambler, 
op at , p. 226 ; Schuftan, Z. angew. Chem. 
1926, 39, 276 ; Pieters, Z. anal. Chem. 1931, 
85, 50. 

Hydrogen. — Although various absorbents 
for hydrogen have been described (op. at. 
pp 109-114), it is usually determined by 
oxidising it to water, either with oxygen or by 
some oxidising agent. In a general gas analyse, 
the determination of hvdrogen (together with 
that of methane) is usually carried out after the 
removal of carbon monoxide as abov e ; in some 
cases, however, carbon monoxide is determined 
by combustion together with the hydrogen. 
\\ here a carbonaceous gas is oxidised together 
w ith the by drogen, its amount is determined by 
subsequently determining the carbon dioxide 
produced. Measurement of the amount of 
oxygen consumed in the combustion (by subse- 
quent absorption by pyrogallol) provides a 
further cheek. The use of these three data 
(contraction. CO,, and O, consumed) permits 
the determination of three different constituents 
by one combustion, by means of the character- 
istic valuis of the above three quantities 
in the follow mg table : 
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Table I. — Volume Effects on Combustion j 
of Gases with Oxygen. i 



1 Vol. effect per vol. combustible 



gas. 
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hydrocarbon) . 
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Methods of Effecting Combustion. — Explosion. 
— After removal of such gases as are determined 



by absorption, excess of air or oxygen is added 
to the residue, and the gas transferred to the 
explosion vessel, which is usually fitted with a 
platinum wire spark-gap ; the spark is produced 
by a coil, or, more conveniently, a magneto. 
The chief source of error or failure in explosion 
analysis is an incorrect proportion of the com- 
bustible gas in the explosive mixture. If the 
proportion is too low, explosion does not take 
place, or is incomplete ; if it is too high, oxides 
of nitrogen are produced, giving excessive con- 
tractions and fi :titious carbon dioxide. In the 
case of hydrogen, the hydrogen content must 
be between 10 and 20% (Ambler, Analyst, 1930, 
55 , 436) ; for methane the corresponding limits 
are approximately 6 0 and 8-3%, and for mix- 
tures containing both these gases, propor- 
tionately intermediate figures. The explosion 
method appears to be unreliable where con- 
siderable proportions of higher paraffins are 
present (Misteli, J. Gasbeloucht. 1905, 48, 802). 


In the writer’s experience the determination of 
carbon monoxide by explosion is unsatisfactory. 

Catalytic Combustion with Platinum. — In con- 
tact with platinum wire at ca. 950°C., all com- 
bustible gases are oxidised in the presence of 
oxygen. The usual method of carrying out tho 
process is by means of a platinum wire elec- 
trically heated. Hydrogen and carbon monoxide 
are oxidised at much lower temperatures. 
Eig. 6 illustrates a simple type of slow com- 
bustion pipette, in which the leads to the 
platinum wire (0-125 mm. diam.) are fused 
through a single glass tube (Harden, J. Sci. 
Instr. 1931, 8, 332). Fig. 7 represents a 
“bubbling pipette” (Ambler, ibid. 1931, 8, 
18), in which a gas containing large pro- 
portions of combustibles, such as would explode 
if directly mixed with oxygen and exposed to 
the hot wire, can be burned in a controlled slow 



stream of oxygen which is bubbled through the 
side limb (see also Bay ley, Canad. J. Res. 1932, 
7. 680). Fig. 8 shows a Levy silica-platinum 
capillary (J.S.C.I. 1912, 31 , 1153) ; the com- 
bustible gas, with the requisite excess of air or 
oxygen added, is passed backwards and for- 
wards through the capillary. Where tho, pro- 
portion of the less combustible gases (hydro- 
carbons) is high, it is desirable to increase the 
surface of platinum by using foil ; this is con- 
tained in a silica tube heated externally and 
previously evacuated, the residual gas being 
removed by evacuation (for details, see Hyde 
and Mills, “ Gns Calorimetry,” p. 328). One of 
the most useful applications of catalytic com- 
bustion by platinum is the fractional combustion 
of hydrogen and carbon monoxide ; with 
platinum wire at dull red-heat, these gases are 
completely burned whereas methane is not 
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affected at all ; 1 minute's treatment in the 
platinum wire pipette is sufficient (Whitaker, 
Fuel in Science and Practice, 1925, 4, 250). 
The combined percentage of hydrogen and CO 
must not exceed 3 (with samples of 20 ml.), or 
the heat of combustion raises the temperature 
of the wire and some methane is also burnt 
(with samples of 2-3 ml. as much as S% of these 
may safely be present). If these gases arc 
present in proportions above the lower explosion 
limit, explosion will take place however low the 
initial temperature of the platinum. With the 
bubbling pipette, the slower rate of combustion 
of CO makes it advisable, if it is present m 
large proportions, to remove it previously ; 
hydrogen can then be conveniently burned in a 
stream of air with the wire at dull red-heat. 
Higher paraffins are probably slightly oxidised 


with the wire at dull red-heat, but data on this 
point are sparse ; fractional combustion canrtnt 
be earned out m the presence of unsaturated 
hydrocarbons Platinised silica-gel at SOOT, 
has also been used for the fractional combus- 
tion of hydrogen and CO (Kobe and Arveson, 
Ind. Eng. Chem. [Anal.] 1933, 5. 110 ; 
Kobe and Broohbank, ibid. 1934, 6, 35). 
Palladium maybe used in a very similar way 
to platinum ; the combustion of methane is 
more rapid than with platinum. A number of 
fractional combustion processes using palladium 
have been described, but the discrepancies 
indicate that personal factors are appreciable. 
Palladised asbestos is used in the Lunge-Orsat 
apparatus for the fractional combustion of 
hydrogen (not CO) in the presence of methane 
(for details, see Lunge and Ambler, op. cti., 
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p. 135). Hauser (Bull. Soc. chim. 1923, 33, 
1199) has extended the use of palladised asbestos 
to the combustion of carbon monoxide, by the 
addition of rhodium black. 

Combustion with Copper Oxide . — Copper oxide 
at 270°-295 c C. oxidises hydrogen and carbon 
monoxide rapidly and completely, methane 
being unaffected. The oxygen is supplied by 
the copper oxide ; if oxygen is present, however, 
the oxide acts as a catalyst and is not reduced. 
The volume changes on combustion with copper 
oxide, in the absence of oxygen are shown in the 
following table : 


Table II. — Volume Effects on Combustion 
or Gases with Copper Oxide. 
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The fractional combustion of hydrogen and CO I 
cannot bo earned out in the presence of un- , 
saturated hydrocarbons (these are completely 
oxidised at 700°) ; if the proportion of higher 
paraffins is above about 5% there are slightly 
attacked, and accordingly (Kang and Edgcorobe) 
advise the absorption of CO first and the 
combustion of the hydrogen at 230°-250° ; see 
Lunge and Ambler, op cit , p. 144). Methane 
and its homologues may be determined subse- 
quently by combustion with copper oxide at 


950°- 1,000° ; some oxygen is produced by dis- 
sociation and should be eliminated by cooling 
the furnace to lower temperatures at which it 
is reabsorbed (Bunte and V unsch, Gas- u, 
Wasserfach, 1923, 66, 481). Combustion with 
oxygen, according to one or other of the methods 
previously mentioned is, however, preferable. 

Micro Gas Analysis 

For the general analysis of ga3 samples of 
0 01-0 1 ml , the same principles are employed 
as with larger samples, but with a radically 
different technique. The basis of this technique, 
worked out by Reeve (J.C.S. 1924, 125, 
1946) and developed by a number of other 
workers (Christiansen, J. Amer. Chcm. Soc. 
1925, 47, 109 ; Christiansen and Huffmann, 
Z. anal. Chem. 1930, 80, 435 ; Blacet and 
Leighton, Ind. Eng. Chem. [Anal.], 1931,3, 226; 
Blacet, MacDonald and Leighton, ibid. 1933, 5, 
272 ; Swearingen, Gerbes and Elks, ibid. 1033, 
5, 369, Andreev and Neuman, J. Appl. Chem. 
Russia, 1935, 8, 1100 ; Seevers and Stormont, 
Ind. Eng. Chem. [Anal ], 1937, 9, 39 ; Blacet 
and Volraan, i bid 1937, 9, 44), is to measure the 
gas, dry, m a calibrated capillary tube of c. 0 5 
mm. bore, and to absorb by means of small 
quantities of solid reagents introduced on the 
end of a platinum w ire into the gas which is trans- 
ferred for the purpose into a tube of c. 5 mo. 
bore. The best diameter for the capillary tube is 
about0 7mm. ; it is more convenient for it to be 
horizontal than \ ertical. In most of the processes 
w hich have been described, the gas is transferred 
for absorption to a small inverted test-tube 
standing in a mercury -trough, the measuring tube 
terminating in a thin siphon tube, with its end 
ground to lit the inner surface of the top of the 
test-tube. In on apparatus designed by Ambler 
and Sutton, the form of appliance incorporates 
some new and useful features which have found 
to be of service The horizontal measuring tube 
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terminates in a wider vertical tube with its open 
lower end dipping into a mercury trough. 
Whichever principle is used, the absorbent is 
introduced into the gas in the form of a bead 
fused on the end of a platinum wire (c. 05 mm. 
diam.). Where solid reagents are not available, a 
porous bead made of sintered glass or of a mix- 
ture of kaolin and powdered porcelain may be 
impregnated with a liquid absorbent. The 
various gases are determined as follows : 

Carbon Dioxide. — A bead of solid caustic 
alkali is made by touching a small piece of solid 
alkali with the heated platinum wire, and fusing 
it into a regular form in an electrically heated 
spiral ; the bead should be moist enough to show 
a shining surface, otherwise absorption is slow. 

Water Vapour. — This is removed at the 
beginning of an analysis and after any other 
process (c.g. combustion of hydrogen) in which 
it may be produced. The absorbent is a bead of 
phosphorus pentoxide, made in the same way 
as the alkali bead. 

Oxygen. — A bead of yellow phosphorus, 
washed with water and then with alcohol, dried 
rapidly in a stream of nitrogen, and immediately 
placed under the surface of mercury, gives very 
rapid absorption. With air this usually in- 
flames ; phosphorus not treated in this manner 
is inconveniently slow. If combustible gases 
are present, a porous bead impregnated with 
alkaline pyrogallol is advisable ; the reagent is 
contained in an inverted test-tube standing in 
the mercury trough of the apparatus. 

Unsaturated Hydrocarbons. — Porous bead 
impregnated with sulphuric acid or oleum. 

Ammonia. — Fused potassium hydrogen sul- 
phate. 

Carbon Monoxide. — Ammoniacal cuprous 
chloride in a porous bead, or precipitated silver 
oxide, pressed while moist, dried, and a suitable 
piece attached to tho wire by means of water- 
glass. The latter reaction is 

2Ag 2 0+C0=.2Ag+ Ag 2 C0 3 

(Gautier, Compt. rend. 1898, 126, 171). Blacet, 
Leighton and MacDonald (l.c.) confirm that no 
carbon dioxide is produced. 

Hydrogen and other combustible Gases. 
— By explosion, initiated either by external heat- 
ing of tho inverted test-tube holding the gases, 
or by means of a bent tube introduced into the 
vessel, and containing a spark-gap, the points 
being filed down flush with the glass. 

Slow combustion and fractional combustion 
may bo carried out by means of a hook-shaped 
glass tube, through the tip of which 2 cm, of 
platinum wire (0125 mm.) is fused ; the tube is 
filled with mercury and closed so as to make 
contact with the platinum and with a further 
contact leading to the battery, the circuit 
being completed by the free end of platinum wire 
dipping into the mercury in the trough (Ambler 
and Sutton ; Blacet and Volman, l.c.). A 
compensator for variations in temperature and 
barometric pressure is obtained by the use of a 
second horizontal tube standing in the same air- 
jacket as the measuring tube, the mercury-level 
in the trough being adjusted to give a constant 
volume of air in this second tube. 

Movement of the gas sample in the capillary 


measuring tube can be easily and finely con- 
trolled by means of a screw clip which com- 
presses a closed piece of rubber tubing attached 
to the other end of the measuring-tube. Speed 
of working and accuracy attainable are of the 
same order as with the macro-methods. Manipu- 
lative technique, although radically different, 
is not inherently more difficult, but rather the 
reverse, and the method may therefore be 
regarded as suitable for general use, even where 
large samples of gas are available. 

Special Methods foe Individual Gases. 

Tho foregoing methods apply only to certain 
gases to which the volumetric method is applic- 
able, and then only when they are present in 
appreciable amount, about 0-1% being about 
the usual limit of measurement in a general 
analysis. For circumstances which fall outside 
the above categories, methods are summarised 
below under the head of the individual gases. 
For details of such processes, it will be necessary 
to consult the text-books or the original papers. 

Acetylene. — Detection. — Ammoniacal cu- 
prous chloride, decolorised by hydroxylamino, 
gives a red colour due to Cu 2 C 2 . The reagent 
can be used in liquid or in test-paper form. 
About 0-0005% is detectable (Pietsch and 
Kotowski, Z. angew. Chem. 1916, 29, 341). For 
quantitative colorimetric tests, parallel tests 
should be carried out, using knowm quantities of 
acetylene. The samo reaction can be used for 
the determination of larger quantities by filtering 
off and washing the cuprous acetylide precipi- 
tate, dissolving it in acidified ferric sulphate and 
titrating ferrous iron ; the reaction is 

Cu 2 C 2 -f Fe 2 (S0 4 ) 3 -f- H 2 S0 4 

=2FeS0 4 +2CuS0 4 +C 2 H 2 

(Willstatter and Maschmann, Ber. 1920, 53 [B], 
939) ; see also Vol. I., p. 96. 

Purify.— Nitrogen, etc., can be determined by 
absorbing the bulk of the acetylene in acetone, 
1 vol. of which dissolves about 30 vols. of 
acetylene. 

Acetone Vapour.— By conversion into iodo- 
form with alkaline Nj 10 iodine, w-hich is after- 
wards acidified and excess iodine titrated (Elliott 
and Dalton, Analyst, 1919, 44, 132). 

Ammonia . — Tho usual method of determina- 
tion is titration with sulphuric acid ; the indi- 
cator should be methyl-red, methyl-orange or, 
if the liquid is too dark, fluorescein, the end- 
point in this case being the appearance or dis- 
appearance of fluorescence. The gas is either 
passed through excess of acid, and the excess 
titrated with alkali, or a process similar to the 
Beich-Lunge method (see under Sulphur Dioxide) 
used. For small quantities of ammonia, the 
usual method is the colorimetric Nessler test. 
Aliphatic amines are determined by titration in 
the same way as ammonia ; their effect on 
Nessler reagent is much less. 

Argon and other Inert Gases. — For 
separation from nitrogen, sec Nitrogen. For 
mixtures of inert gases, only physical methods 
of analysis are available ; methods of density, 
thermal conductivity and fractional conden- 
sation are the most applicable (q.v.). 
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Arsine. — Detection. — The most sensitive test 
is the Marsh test (see p. 573). Mercuric chlonde 
te-t papers (dry, made from 5% solution) give a 
jellow -brown colour, turned black by ammonia. 
Arsine may be determined gravimetncally by 
adsorption with heated copper (Evans, Analyst, 
1920, 45. 8). 

Benzene. — Detection. — 0 02% in air gives a 
brown colour with a small lajer of alcohol on 
sulphunr acid containing 0 03% of formalin 
(Dietrichs, Chem. Fabr. 1932, 5, II). 

Determination. — (i) Absorption and combus- 
tion methods have been described above, 
(u) By nitration to m dinitrobenzene (“ Techni- 
cal Gas Analjsis,” p. 267). For colorimetric 
nitration methods, tee Gavrilov (1932. 15. 536); 
Smjth (ibid 1930, 265) ; Schrenk, Pearce and 
Yntit (U 8 Bur. Mines, Rept. Invest. 1936, No. 
3392( (in) By adsorption with active charcoal 
at ordinary temperatures (Berl, Andress and 
Mulkr, Z angew. Chem. 1921, 34, 125 ; 
Gregory, Oil Gas J.. 1935, 33, No. 36, pp. 14, 
45). (iv) By condensation at — 80°C. (Lunge 
and Ambler, op cit., p. 169) (v) By physical 

methods, particularly thermal conductivity, 
the v iscosity-cITusion bridge, refractivity and 
absorption spectra (p. 685). 

Bromine . — Detection. — Colon metrically, by 
absorption with magenta, decolorised by sul 
phurous acid and mixed with an equal volume 
of acetic acid (Denigts and Chelle, Bull. Soc. 
dura. 1013 [iv.], 13, 026). 

Carbon Dioxide. — (i) Pettenkofer's Method. 
Small proportions in air, etc , are conveniently 
determined by absorption in Lino water or 
barjta, the excess of which is titrated with 
hydrochloric or ocetic acid (phenolphthalein or 
thymolphthalein indicator). The air is taken 
in a dry flask of about 1 litre capacity, and a ! 
known volume of the alkali (0 04.V) added up 
to about four times the equivalent of the 
amount of C0 2 expected After about 20 
minutes (for high accuracy some hours) the 
contents of the vessel are titrated. A parallel 
blank experiment with COj-free air should be 
carried out : 1 ml. S/10 lime water or baryta 
is equivalent to 1-119 ml. CO, at N.TJ 1 . 
Similar methods, using alcoholic sodium car- 
bonate have been described by Winkler (Z. 
ana] Chem 1933, 92,23 ; 1935,100,29) Fora 
colorimetric adaptation of this method, tee 
Kauko and YJi-Uotila (1936, B 493). 

(n) Graumetric Methods — An alkaline ad- 
sorbent is used, preferably one of the special 
preparations such as “ Ascante,” “ Carbest,” 
“ Soda-Asbestos," etc. 

(m) Physical Methods (p. 685 et teg ) — A 
variety of these, such as thermal conductivity, 
are used fur indicating and recording CO, in 
flue gases, etc. 

Carbo n M o noxi de . — Detection. — Numerous 
methods for the detection and determination of 
small quantities of CO have been worked out, 
many in great detail. Some of these arc sura 
manned below ; fuller particulars are given 
in Lunge and Ambler, op at., pp. 226-240. 

(i) Palladium Test. — Solutions of palladous 
chloride, PdCI,, ore reduced at ordinary tem- 
peratures, giv tng metallic palladium ; it is 
gcncrvllj u«ed in the form of test-papers, which 


should be emplojed in the damp state. The 
PdCI 2 h dissolved in water, acetone and 
water, or aqueous NaCI, KC1 or NH 4 C! 
The method has been studied by Daller 
(Z. anal. Chem. 1935, 103, 83). Quantitative 
methods based on this reaction have been w orked 
out by Winkler (iW. 1934, 97, 18 ; 1935, 100, 
321 ; 102, 99), and bv Christman et al. (Ind. 
Eng. Chem [Anal ], 1937, 9. 153). 

(n) Ammoniacal Silver Oxide. — This is rather 
more sensitive than palladium but cannot be 
used with test papers. Quantitative methods 
on the same prmuple are described by Manchot 
and Lehmann (Ber. 1931, 64 [B], 1261). 

(in) Catalytic Oxidation al Ordinary Tempera- 
tures. — “ Hopcahte " is a preparation of metallic 
oxides which catalyses the combustion of carbon 
monoxide with oxygen at ordinary tempera- 
tures ; h) drogen is not affected unless amounts 
of carbon monoxide arc excessive (05%). The 
CO is determined either by determination of the 
resulting C0 2 or, as in some automatic instru- 
ments, by devices controlled by the heat 
evolved by the oxidation ( see Electrician, 1933, 
111, 309 , Frevert and Francis, Ind. Eng. 
Chem. [Anal.], 1934, 6, 226). 

(iv) The most accurate and sensitive method 
for the determination of carbon monoxide In 
very small quantities is the reaction with iodine 
pentoxide at 120 o -200°C : 

6CO+l 2 O s =5CO g +21 , 
the CO is measured either by collection of the 
resulting carbon dioxide, or, more sensitively, 
by measurement of the resulting iodine ; if tho 
CO content exceeds 0 1%, the former pro- 
cedure is preferable. If h} drogen and methane 
are absent, it is preferable to work at 200°C. ; 
these are, however, slightly attacked above 
120° ; unsaturated hydrocarbons interfere and 
must be removed. The most convenient way 
of determining the iodine is by collecting it in 
Kl solution and titrating with thiosulphate, or 
preferably sodium arsenite. Quantities of the 
order of l/<g. of CO can be detected, and there 
is no limit to the amount of sample which may 
be taken for the purpose. 

(v) Blood Test. — The most specific test for 
carbon monoxide is the blood test. A convenient 
and very precise method of applying this is by 
means of th'e Hartridge Reversion Spectroscope 
(see Frederick, Analjst, 1931, 56, 561), which 
measures the mean w av e-lengths of the cacboxy- 
biemoglobm bands in the absorption Bpectrum 
of blood which has absorbed CO ; the measure- 
ment gives both a specific indication of CO and 
a quantitative figure. For the determination 
of the purity of CO, see Ambler and Sutton, 
Analjst, 1934, 59, 809. 

Carbon Disulphide. — Detection.— If the gas 
is passed through alcoholic potash, the alcohol 
distilled off, the residue acidified with acetic 
acid and copper sulphate added, jellow copper 
xanthnte is produced. Tho shine reaction is 
used quantitatively by filtering, and deter- 
mining the excess copper in the filtrate (Harding 
and Doran, J. Amer. Chem. Soc. 1907, 29, 1476) 
or by titrating w ith iodine vv ithout adding copper 
(Matuszak, Ind. Eng. Chem. [Anal ], 1932, 4, 
98). Diethylamine and copper acetate give a 
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yellow colour which provides a very sensitive 
test (Tischler, ibid. p. 46), which can be used 
with test papers (Kusnetzow, Z. anal. Chem. 
1933, 95, 170). "For a colorimetric method with 
piperidine, see J.S.C.1. 1937, 56, 287. 

Carbon Oxysulphide, COS. — Starch solu- 
tion coloured blue with a trace of iodine changes 
to violet and then to red, the colour finally dis- 
appearing ; COS can be determined volu- 
metrieally by virtue of the fact that it is easily 
soluble in dilute alkali, but only very slowly in 
concentrated alkali (Stock and Kuss, Ber. 1917, 
50, 159). 

Chlorine. — Detection. — The most sensitive 
test is a 1% solution of o-tolidine in 10% HCI 
(Ellms and Hauser, Ind. Eng. Chem. 1913, 5, 
915 ; Porter, ibid. 1926, 18, 730). Chlorine is 
usually determined quantitatively by passing 
the gas through potassium iodide solution and 
titrating the liberated iodine. 

Cyanogen. — See Hydrogen Cyanide. 

Ethane. — See Methane. 

Ethyl Alcohol. — By oxidation to acetic 
acid with chromic acid, and iodometric deter- 
mination of the excess chromic acid (Szeberenyi, 
Z. anal. Chem. 1915, 54, 409 ; Elliott and 
Dalton, Analyst, 1919, 44, 132). 

Ethyl Ether. — By oxidation with iodine 
pentoxide at 200°C. ; 5 mols. of ether liberate 
24 atoms of iodine (Haggard, J. Biol. Chem. 
1923,55,131). 

Ethylene. — Small quantities of ethylene and 
other olefines are determined by shaking the gas 
with A T /10-bromine water (or bromate-bromide 
solution). The excess bromine is determined 
by adding excess iodide and determining the 
iodine. Benzene does not interfere (Haber and 
Oechelhauser, J. Gasbeleucht. 1900, 43, 34) and 
acetylene very little if at all. 

Ethylene Oxide. — Concentrated NaCI or 
MgCI 2 reacts with this gas giving alkali, which 
is titrated. For details, see Lubatti, J.S.C.I. 
1932, 51, 361 ; 1935, 54, 424 ; Deckert, Z. 
angew. Chem. 1932, 45, 559 ; Chem. Age, 1935, 
32, 355 ; Kerckow, Z. anal. Chem. 1937, 108, 
249. 

Helium, — See Argon. 

Hydrogen. — Detection and Determination of 
Small Quantities. — (i) Volumetric determina- 
tion. Some special instruments have been 
designed for small quantities of hydrogen in air, 
etc. ; the limit of measurement is about 0 01% 
on the total gas. (ii) Conversion to HCI. By 
passing the gas over dry palladium chloride 
(Phillips, Amer. Chem. J. 1894, 16, 259) or by 
mixing it with chlorine gas, the excess chlorine 
being removed by silver gauze (Heyne, Z. angew. 
Chem. 1927, 70, 179). (iii) By passing the gas 
over platinum gauze immersed in sodium 
molybdate solution ; the molybdate gives a, 
blue colour (Zenghelis, Z. anal. Chem. 1910, 49, 
729). (iv) Spectroscopically, 0-005% in nitrogen 
or an inert gas is detectable at 0-05-0-08 mm. 
pressure, (v) Absorption of other gases by 
cooled silica gel. At liquid-air temperatures, 
all gases except hydrogen (and helium and 
neon) are absorbed (Lebeau and Marmasse, 
Compt. rend. 1926, 182, 1086). 

Purity. — Oxygen is determined by combustion 
(p. 679) ; methane by combustion after removal 


of hydrogen by copper oxide ; nitrogen, etc., by 
measurement of the residual gas after com- 
bustion with copper oxide. 

Hydrogen Chloride. — By absorption in 
alkali and titration, or gravimetrically as silver 
chloride. 

Hydrogen Cyanide and Cyanogen. — 
Detection — These arc both readily absorbed by 
alkali solution, cyanogen giving equal quantities 
of cyanide and cyanate. The only entirely 
specific test for cyanides is the Prussian-blue 
test. For this, the alkaline solution containing 
the cyanide is shaken with precipitated ferrous 
hydroxide and allowed to stand for 30 minutes, 
it is then acidified and a ferric salt added (there 
is usually enough present produced by oxidation). 
The Prussian-blue precipitate can be deter- 
mined by weighing as [Fe 7 (CN) ]8 , c. 9H 2 0], 
by washing into a flask and titrating with alkali 
until the disappearance of the blue colour 
(Nauss, J. Gasbeleucht. 1900, 43, 696), or 
eolorimetrically. For the detection of very small 
quantities (down to 2 mg. per litre) the amount 
of ferrous hydroxide must be very small (10 mg.) 
and it is advisable to filter before acidification, 
and add only a trace of ferric salt. Quantitative 
colorimetric determination of these small 
quantities by this means requires great care, as 
the density of colour of the suspended precipitate 
depends greatly on the presence of electrolytes ; 
these must be kept as low as possible, and com- 
parison tests carried out under precisely similar 
conditions. The process is dealt with in detail 
by Kolthoff (Z. anal. Chem. 1918, 57, 1). 
One of the most satisfactory colorimetric tests 
for small quantities of hydrogen cyanide is a test 
paper impregnated with n mixture of copper 
acetate and benzidine acetate (Sieverts and 
Hermsdorf, Z. angew. Chem. 1921, 34, 3 ; 
Deckert, J. Desinfektion, 1930, 22, 81). The 
solution is made by mixing, immediately before 
use, equal volumes of solutions of copper acetate 
(2-9 g. per litre) and benzidine acetate (48 ml. 
of saturated solution made up to 100 ml.). 
The test is quantitative for gases containing 
down to 0-0005% of hydrogen cyanide. For 
other tests for small quantities, see Kolthoff ( l.c .) 
and Lunge and Ambler, op. cit., pp. 292-297. 

Hydrogen cyanide, but not c 3 ’anogen is 
absorbed by weakly acidified silver nitrate ; 
this serves as a method of separate determina- 
tion of the two gases. For other methods of 
quantitative determination of HCN, see Soil 
(Ind. Eng. Chem. 1926, 18, 14), Brender-a- 
Brandis and Bohlken (Het Gas, 1933, 10, 194), 
Page and Gloyns (J.S.C.I. 1936, 55, 209), and 
Lnnge and Ambler, op. cit. For determination 
of HCN in presence of HCI, HBr, and HI, 
see Polstorff and Meyer (Z. nnal. Chem. 1912, 
51, 601). 

Hydrogen Sulphide. — Detection. — About 
0-002% in air is detectable by smell ; above 
about 0-1% the characteristic smell alters and 
becomes less distinctive. The most convenient 
and most sensitive qualititative test is lead 
acetate paper ; dry papers are satisfactory. It 
can be determined gravimetric-ally by absorption 
with copper sulphate, copper phosphate (Wright, 
J.S.C.I. 1885, 4, 665) or cadmium chloride 
(Harding and Johnson, Ind. Eng. Chem. 
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1013, 5, 836). It can also be determined 
l<y titration with iodine according to the equation 
HjS+2(=2Hl+S 

Colorimetric methods have been worked out 
by Harcourt {“Technical Gas Analysis,” 
p. 2-16), Winkler (Z. anal. Cbem. 1013, 52, 641), 
and Clarke (Analyst, 1931, 57, 436). Hydrogen 
sulphide and sulphur dioxide can co-exist in 
small proportions ; for determination of these 
together, see Votoiek (Ber. 1007, 40, 414) and 
Bdeseken and Muller (Rec. trar. chim. 1931, 
60, 1117). 

Lead Tetraethyl . — See Lunge and Ambler, 
op. eit., p. 309. 

Mercaptan. — This gives a yellow colour with 
lead acetate. See also Reith, Rec. trav. chim. 
1934, 53, 18. 

Mercury Vapour. — This can be condensed 
by passing the air or gas through a tube cooled 
in liquid air, or absorbed by bromine water 
(Moldawsk., Chem. Zentr. 1931,1,1644). The mer- 
cury is then determined by a microscopic method 
{see Stock and Cucuel, Ber. 1934, 67, 122). 

Methane. — This is determined in air by com 
bastion with oxygen over heated platinum or 
palladium and volumetric measurement. A 
large number of instruments on this principle 
have been described. Very small proportions 
can be determined by carrying out the com 
bustion in a flask in the presence of standard 
lime water or baryta, and determining the 
resulting carbon dioxide by titration. For 
small quantities of methane in the presence of 
large quantities of hydrogen and carbon mon- 
oxide, see Ambler, Analyst, 1932, 56, 635 j 
Methane is the only hydrocarbon which is not; 
condensed at liquid air temperature to a sub- 
stance of negligible vapour pressure (e , 
p. 686) , it is also by far the lightest hydrocarbon, 
and can thus be determined by density measure- 
ments (p. 686). The ga3 interferometer (p. 687) 
can detect 0 01% m air 

Higher paraffins are in general determined in 
similar ways to methane ; there are no chemical 
methods of separation, but physical processes 
are available (p. C86). 

Methanol. — By oxidation to formaldehyde 
by means of permanganate, and determination 
of formaldehyde with a modified Schiff reagent 
(Jephcott, Analy st, J 935, 60. 588) 

Nitric Oxide. — This can be determined 
volumetrically by absorption with ferrous sul- 
phate (30%) ; two successive portions of re- 
agent being used as with cuprous chlonde. 
NO in small proportions is usually detected 
and determined together with the tnoxide and 
tetroxide by the Griess test. It is oxidised to 
nitric acid by acid (sulphuric) hydrogen peroxide, 
the nitric acid being determined colorimetncally 
with phenol disulphonic acid (Francis and 
Parsons, Analyst, 1925, 50, 262). For methods 
of discrimination between the various consti- 
tuents of “ nitrous fumes.” see Sanfourche and 
Bureau (Compt. rend. 1936, 202, 60). See also 
Nitrogen Dioxide. 

Nitrogen. — In ordinary gas analysis, nitro- 
gen is nearly always determined by difference. 
Where the nitrogen content is of especial im- 
portance, the separate determination of the 


other gases, and the accumulated error so 
introduced, may be obviated by removing them 
in one process, either by means of copper oxide 
at c. 1,000° (Evans, Gas World, 1911, 55, 814) 
or by burning with electrolytic oxygen and 
absorbing the excess (Ambler, Analyst, 1931, 
56, 804). Nitrogen is determined chemically 
only where argon and its congeners are to be 
determined ; the most efficient adsorbent is 
lithium at 300° (Trautz and Kippb&n, Z. anal. 
Chem. 1929, 76, 350 ; Copaux, Bull. Soc. chim. 
1932 [v], 51, 9S9 ; Severyns, Wilkinson and 
Schurab, Ind. Eng. Chem. [Anal.], 1932 [v], 4, 
357). Small proportions of nitrogen in argon are 
detectable by their inhibiting effect on the 
characteristic argon spectrum. See Vol . I., p 465 

Nitrogen Dioxide (NOj and N,0 4 ). — This is 
usually determined by com ersion to nitrite or 
nitrate ; for a volumetric determination (at 
156°C ), see Whittaker, Lundstrom and Mere, 
Ind. Eng. Chem. [Anal ], 1930, 2, 15. Very small 
quantities are determinable by absorption 
spectrum methods (p. 687). 

Nitrous Oxide. — This is perhaps the most 
difficult of all gases to determine chemically ; 
owing to its appreciable solubility m all liquid 
reagents, its presence makes ordinary absorption 
methods for other gases impracticable. No 
known reagent, however, will absorb it com- 
pletely. In the absence of oxygen, it can be 
determined volumetncally by reduction with 
hydrogen, either by explosion or with heated 
platinum wire , in the explosion method the 
H;/N,0 ratio must be between 18 and 2 5 
(Menzel and Kretzschmar, Z angew. Chem. 
1929, 42, 148) With platinum, the temperature 
must be kept below 500°, or some ammonia may 
be produced (I.c.) ; this is obviated if CO is 
used instead of hydrogen. For determination 
of N,0 and oxygen together, by combustion 
with CO, see Lunge and Ambler, op. eit., p.275. 
Oxygen in nitrous oxide may be determined by 
adsorption with damp phosphorus confined over 
mercury (Menzel and Kretzschmar, / c. ; 
Ambler, Analyst, 1934, 59, 14), but some N f O 
may be decomposed in the process. \\ ith 
complicated gas mixtures, or small proportions 
of NjO, the only accurate method of determina- 
tion is condensation with liquid air. Density, 
thermal conductivity and refra'div ity (p 685) 
measurements are of great use with mixtures of 
known qualitative composition. For the routine 
examination of nitrous oxide in ryhnders, see 
Bennett (J. Physical Chem 1930, 34, 1 137), and 
Chaney and Lombard (Ind. Eng. Chein [Anal.], 
1932, 4, 185). 

Organic Vapours. — Where it is not needed 
to determine individual organic vapours, com- 
bustion methods with platinum wire are rapid 
and convenient ; any sufficiently sensitive gas 
analysis apparatus fitted with platinum wire 
combustion apparatus is suitable. A speciil 
instrument for the purpose has been described 
by McNair and Gull (Analyst, L032, 57, 159). 

Oxygen . — Volumelnc Combustion Methods — 
Combustion with hydrogen under the influence 
of platinum wire is a convenient and very 
accurate method ; in the presence of carbon 
monoxide the accuracy is reduced to about 01% 
(Ambler, Analyst, 1930, 55, 677). De Voogd 



CHEMICAL ANALYSIS. 


685 


and Bohlken (Het Gas, 1934, 54, 43) have used 
the same principle for oxygen in coal-gas ; 
unsaturated hydrocarbons apparently do not 
seriously interfere ( l.c .). 

Colorimetric Tests. — The most convenient 
colorimetric test is with alkaline pyrogallol ; 
the colour is matched with iodine solution 
(Pfeiffer, J. Gasbeleucht. 1897, 40, 354 ; Ambler, 
Analyst, 1934, 59, 14). The most sensitive test 
is probably that with a ferrous salt and alkaline 
catechol (Binder and Weinland, Ber. 1913, 46, 
255). 

Purity. — By absorption with ammoniaeal 
copper (Frederick, Analyst, 1935, 60, 581) ; in 
the writer’s experience, hydrogen and methane 
are not perceptibly affected by this reagent. 

Ozone. — Detection. — Potassium iodide-starch 
or preferably potassium iodide-phenolphthalein 
papers ; these tests are not, however, entirely 
specific. The most satisfactory chemical quanti- 
tative method is absorption with potassium 
iodide and titration of the iodine, the hydrogen- 
ion concentration being kept constant with a 
buffer solution (Juh'ard and Silberschatz, Bull. 
Soc. chim. Belg. 1028, 37, 205 ; Ruyeecn, 
Natuunvetensch. Tijds. 1933, 15, 125). Ozone 
is also determined by the absorption-spectrum 
method (p. 687) (Ruyssen, ibid. p. 6). 

Phosgene (Carbonyl Chloride). — Detec- 
tion. — Test-papers made from a solution of 1 g. 
p-diraethylaminobenzaldehyde and 1 g. diphenyl- 
amine in 5 ml. absolute alcohol give a yellow 
colour with about 0-0001% of phosgene (Suchier, 
Z. anal. Chem. 1929, 79, 183). 

Determination. — (i) By conversion to di- 
phenylurea by absorption in aqueous aniline 
(Olsen el al., Ind. Eng. Chem. [Anal.], 1931, 3, 
189 ; Yant el al., ibid. 1936, 8, 21). (ii) By 
absorption in a 2% solution of sodium iodide in 
acetone, and titration of the iodine produced 
(Olsen el al., l.c.). See also Matuszak, ibid. 
1934, 6, 457. 

Phosphine. — Detection. — Silver nitrate test 
papers are blackened ; the test is not specific, 
however. Bromine-water or hypochlorite gives 
phosphoric acid. Eor further methods, see 
Lemoult, Compt. rend. 1904, 139, 478 ; Wilmet, 
ibid. 1927, 185, 206. 

Sulphur Dioxide. — This is usually deter- 
mined by titration. In the Reich-Lunge 
method (Lungo and Ambler, op. cit., p. 152) 
the gas under test is bubbled through a litre 
bottle half filled with water containing 10 ml. 
of A T /10-iodine and starch, until the blue colour 
disappears. The volume of gas passed is then 
measured by the volume of water displaced from 
the aspirator used to draw the gas. The reaction 
is : 

S0 2 +2I+2H 2 0=2HI + H 2 S0 4 

Bor very small quantities of S0 2 in' air, see 
Griffin and Skinner, Ind. Eng. Chem. 1932, 24, 
862. Sec also under Sulphur Trioxide. 

Purity. — Gases which are not soluble in alkali, 
by absorption of S0 2 with alkali and analysis 
of the residue ; C0 2 , by removal of SO, by 
dichromate, and gravimetric determination of 
CO, ; water, gravimetrically by absorption by 
phosphorus pentoxide (Scribner, Ind. Eng. 
Chem. [Anal.], 1931, 3, 255). Sulphur dioxide 


for preservative purposes is tested for traces of 
arsenic by a Marsh test on the residue after 
evaporating off the sulphur dioxide. 

Sulphur Trioxide. — In the absence of S0 2 , 
this is determined by absorption in standard 
alkali ; the gas is either passed until the end- 
point is reached, as in the Reich-Lunge method, 
or excess alkali is used and is back-titrated ; 
S0 2 and S0 3 together (t'.e. total acid) can be 
determined in this way using phenolphthalein 
indicator, or by the Reich-Lunge method, the 
S0 2 being determined separately iodometrically. 
Mixed-indicator methods are also available ( see 
Dieckmann, Analyst, 1921, 46, 517). For details 
of these and other methods employed in the 
sulphuric industry, sec Lunge and Keane’s 
“ Technical Methods of Chemical Analysis,” 
Vol. I, and “ Technical Gas Analysis.” 

Total Sulphur. — For control purposes in 
gas works, etc., it is often sufficient to deter- 
mine total sulphur without separate deter- 
mination of the various gaseous sulphur com- 
pounds. The general method is to burn the gas 
in excess of oxygen and determine the total sul- 
phur as sulphate. The usual method in this 
country is known as the Referees’ method, and 
is described in the “ General Notification of the 
Gas Referees ” for 1918. The burnt gases are 
passed through solid “ sesquicarbonate of 
ammonia,” the sulphur being collected as 
ammonium sulphate and determined gravi- 
metrically. See also Lieber and Rosen, Ind. 
Eng. Chem. [Anal.], 1932, 4, 90. 

Water Vapour. — Water vapour is most 
simply determined by passing a known volume 
of the gas through a weighed tube containing 
phosphorus pentoxide or other suitablo adsor- 
bent. It can also be determined volumetrically, 
using a dry measuring apparatus and absorbing 
the water vapour with sulphuric acid (Blackie, 
J. Sci. Instr. 1936, 13, 6). Small quantities can 
be determined by the reaction with calcium 
hydride, which liberates hydrogen quantitatively 
(Hackspill and d’Huart, Ann. Chim. 1926, 5, 95). 
Physical methods such ns the wet-and-dry bulb 
thermometer are largely used (see Hyde and 
Mills, “ Gas Calorimetry,” p. 338). 

Physical Methods. 

Physical methods of gas analysis fall into two 
general classes : (i) those in which the consti- 
tuents are separated from one another by virtue 
of differences in such properties ns volatility or 
selective adsorption by charcoal, and (ii) those 
in which the relative proportions of constituents 
are determined without separation by the 
measurement of some physical constant of the 
mixture, such as density or refractivity. In 
general, methods of this latter class are applic- 
able only to binary mixtures of known quali- 
tative composition. They usually require 
calibration with mixtures of known composition. 
For regular control analyses of simple mixtures, 
however, speed and simplicity of technique make 
such processes of increasingly wide technical 
importance. 

Condensation Methods. — The simpler con- 
densation methods are those whero constituents 
are separated into two fractions by the complete 
condensation of one constituent or group of 
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constituent 1 ', the other fraction remaining 
wholly gaseous. An example is the separation 
of rocthine from other paraffins at the tempera- 
ture of liquid air. All other hydrocarbons are 
condensed at this temperature to liquids or 
solids of negligibly small vapour pressure, w hde 
that of methane Is sufficiently high (approxi- 
mately 20 mm.) for it to be completely removed 
from the other ga«cs'by pumping. At — >185®C. 
the only common gases which are not condensed 
to substances with negligible vapour pressures 
are hydrogen, nitrogen, oxygen, carbon mon- 
oxide, nitric oxide and the inert gases. An 
analysis of a complex mixture may be greatly 
simplified by’ removing in this way all con- 
densable gases preparatory to a general analysis 
of the non condensable residue. At approxi- 
mately —80° the temperature attained by 
mixtures of solid carbon dioxide with ether, 
acetone, etc., all vapours such as benzene, etc , 
can be remoxed from such substances as are 
gaseous at ordinary temperatures. Processes 
on these general lines have been described by 
Burrell, Seibert and Robertson ( U.S. Bur. Mines 
Tech. Paper, No. 104 ; Bur. Mines Bull. 197) ; 
Stockings and Himiis, “ Fuel Testing,” 1932, 
p. 191 ; Leheau and Damiens (Compt. rend. 
1913, 156. 325) ; U biton (Ind Eng. Chem. 1916, 
8, 735). For more complicated mixtures, the 
iijc of vacuum jacketed fractionation columns 
has made the separation of the constituents of 
a complex mixture almost as Biraple as the 
fractional distillation of organic liquids. The 
constituents distil over almost completely 
separated, and are identified by their boiling- 
points and measured by the collection of 
each constent-boilmg fraction in a previously 
exacuatcd xessel of known volume, connected 
to ft manometer. For details of the most 
modem processes, tee Podbielniak (Ind. Eng. 
Chem (Anal.], 1931, 3. 177 ; 1933. 5, 119, 
172). MacGiIlivray (J C.S. 1932, 941) ; McMillan 
, (J. Inst. Petroleum Tech 1936, 22, 616) and Rose 

J (Ind. Eng. Chem. [Anal ]. 1930, 8. 488) For 
1 binary and ternary mixtures of known qualita 
ttxc composition, a simpler and more rapid 
process has been worked out in which the 
fractionation column is dispensed with (Rosen 
and Robertson, Ind Eng. Chem. [Anal.]. 1931, 
3, 284 ; 1934, 6, 12) ; the temperatures are 
noted at which certain specified percentages of 
the total gxs have been evaporated off under 
standardised conditions, and from these data 
the composition is obtained from empirically 
constructed graphs. For small samples of gases 
and xapours, there is an ingenious and interesting 
process in which the increase of Tapour pressure 
of the condensed gas with a slowly rising 
temperature is measured at a low total pressure 
by means of the Pirani gauge. Each constituent 
has a typical curve of this type by which it can 
be identified, and the total use of pressure on 
complete evaporation is the measure of its 
amount. It is found that there is xcry little 
interference between different constituents. 
For details, tee Research Staff, G.E.C. (Proc. 
Physical Soc. 1921, 33, 287) and Sebastian and 
Howard (Ind. Eng. Chem. [Anal.], 1934,6, 172). 

Adsorption by Charcoal and Silica Gel. 
. — The adsorptive power of cooled charcoal or 


silica gel varies greatly’ for different gases, and, 
if the amount of adsorbing substance is limited, 
is highly selective. At temperatures of liquid 
air, all gases except helium, hydrogen, and to 
some extent, neon, are so firmly adsorbed by 
actixe charcoal or silica gel, that they are not 
removed by evacuation. Helium is the least 
adsorbed of all gases, and can be separated 
almost quantitatixely by this means from all 
gases but hydrogen and neon (McClennan, 
J.C.S. 1920, 117, 943 ; Paneth and Peters, 
Z. pbysikal. Chem. 1928, 134, 353. For other 
references, ttt Lunge and Ambler, op, eit„ 
p. 177). Processes for the analysis of complex 
hydrocarbon mixtures by selective adsorption 
in charcoal or silica gel have been described by 
Schuftan “ Gasanalyse in der Techmk,” p. 69, 
Berl and Schmidt (Z. angew. Chem. 1923, 36 
247), Kuhn (i bid. 1931, 44, 757), and Peters 
and Lobmar (fi?ennstoff-Chem. 1937, 18, 41). 

Density. — Density’ measurements provide a 
convenient and absolute method for the analysis 
of simple mixtures, and for check tests on general 
analyses. They are particularly useful w ith the 
inert gases and with hydrocarbon mixtures. 
Conxement methods of measuring densities of 
gases are : (i) Density balances (Hales and 

Moss, J. Sci. Instr. 1935, 12. 309 ; Edwards, 
U.S. Bur. Stand. Tech. Paper No. 89). (ii) Static 
column method, m which the hydrostatic pres- 
sure of a column of gas is measured by a sensitive 
manometer ; the process is simple and accurate, 
the sensitivity depending on that of the mano- 
meter available and on the height of the column 
Processes on this principle have been described 
by Krell (J. Gasbeleucht. 1899, 42, 212), 
Threlfall (J.S.C.I. 1907, 26, 359), Polhtzer (2. 
angew. Chem. 1924, 37, 459) and Biackie 
(Fuel Research Tech. Paper No. 5). In the 
experience of the present writer, small samples 
(2 ml.) can be tested w ith considerable accuracy, 
using columns of 1 mm. bore, (iv) Effusion 
methods, in which the time taken for a volume 
ofgas to pass through a small orifice is measured; 
these methods are convenient but are not 
absolute ; critical examinations of the method 
haxe been made by Edwards (C.S. Bur Stand. 
Tech Paper No. 94). and by Kemp, Collins, and 
Kuhn (Ind. Eng. Chem. [/Dial.], 1933, 7, 338). 
(\) Velocity of sound (Gcberth, Ind Eng. 
Chem. 1923, 15, 1277 ; Griffiths, Proc. Physical 
Soc. 1927, 30, 300) (xi) Various automatic 
indicators and recorders, xvorkmg on a xaricty 
of principles, haxe been designed and are 
described by Levy , “ Gasw orks Recorders,” 
1928. 

Thermal Conductivity. — This method is 
becoming increasingly used for control analyses 
in industry in x lew of its natural advantages of 
cleanliness, reliability and adaptability to auto- 
matically-recording “ flow " processes. The 
principle of the method is that a xvire, heated 
by an electne current, loses heat in proportion 
to the thermal conductivity of the ga3 sur- 
rounding it ; hence, for a given current, its 
temperature, and consequently its electrical 
resistance, is a function of the thermal conduc- 
tivity, and hence of the composition of the sur- 
rounding gas. The resistance is measured by 
making the wire one arm of a Wheatstone 
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bridge. The method is widely used with flue 
gases for the continuous recording of carbon 
dioxide. The applications of the method to gas 
analysis and very full practical details are given 
by Daynes, “ Gas Analysis by Measurement 
of Thermal Conductivity,” 1933, and also by 
Palmer and Weaver (U.S. Bur. Stand. Tech. 
Paper No. 249). The same principle has been 
used for very- small quantities' (0‘005 ml.) of 
mixtures involving H„, D 2 , and HD and of 
mixtures of ortho- and para-hydrogen (Bolland 
and Melville, Trans. Faraday Soc. 1937, 33, 
1316; Twigg, ibid. 132). 

Viscosity. — The direct measurement of the 
viscosity of a gas mixture is little used as an 
analytical method. In some cases, however, 
where only very small samples are available, it 
may be useful since samples of the order of 1 ml. 
can be examined with high precision by the 
method of Rankine (Proc. Roy. Soc. A, 1910, 
83, 265 ; 84, 181). For practical purposes the 
viscosity-effusion bridge (Fagelston, Ind. Chem. 
1932, 8, 57), which depends on the relation 
between the density and viscosity of a gas, 
offers a highly sensitive method of determining 
small proportions of some gases, especially 
organic vapours, which have high densities and 
low viscosities ; by means of a combination of 
capillary tubes and effusion orifices, arranged 
something like the arms of a Wheatstone bridge, 
small differences in the density-viscosity ratio 
between the gas under test and a comparison 
gas are indicated on an oil-manometer. The 
design of the apparatus allows it to be used with 
corrosive gases. 

Refractivity. — The index of refraction of 
all gases is very close to unity ; by means of the 
gas interferometer (Lord Rayleigh, Proc. Bov. 
Soc. 1890, 59, 201 ; 1898, 64, 97), however, 
differences in this quantity can be measured 
with extreme sensitiveness, with the result that 
ns little as 0-01% of hydrogen in air can be 
measured, although the extent to which the 
refractive index is thus affected is only 15 X 10 -9 . 
The method can deal with small samples and is 
rapid in working. The gas under test and a 
comparison gas are contained in two parallel 
tubes of about 1 metre length ; the light 
passing through the two tubes is made to produce 
interference bands in the two halves of the 
visual field. When the refractivities of the gases 
are equal, the bands coincide ; when they 
differ, they are brought together by rotating a 
graduated drum, from the reading on which 
the difference in refractivity is obtained. For 
details, see Edwards (U.S. Bur. Stand. Tech. 
Paper No. 113 ; J. Amer. Chem. Soc. 1917, 
39, 2382) ; Burrell and Seibert (U.S. Mines 
Bull. No. 14) ; Seibert and Harpster (U.S. Bur. 
Mines Tech. Paper No. 185 ); Kershaw (Chem. 
Met. Eng. 1919, 20, 291). The method has been 
used for the determination of methane in mine 
air ; portable instruments have been made for 
this purpose, with a sensitivity of about one- 
tenth of the laboratory apparatus. 

Spectroscopic Methods.— Emission Spectra. 
— The sensitiveness of spectroscopy ns a method 
of gas analysis varies greatly according to the 
gas under test ; it is of high value with the 
gases of the argon group. For the spectroscopic 


determination of exceeding!}' small quantities 
of helium, see Paneth and Peters (Z. physikal. 
Chem. 1928, 134, 353). Mixtures of krypton 
and xenon have been analysed quantitatively by 
a spectrophotomctric method (Moureu and 
Lepape, Compt. rend. 1911, 152, 691 ; 1911, 
153, 740 ; 1922, 174, 908) ; 0 005% of hydrogen 
in nitrogen or inert gas can bo detected spectro- 
scopically (Heyne, Z. angew; Chem. 1925, 38, 
1099). Quite small proportions of nitrogen 
interfere with the argon spectrum, a fact which 
provides a method for its detection in this gas. 
For experimental details of the spectroscopy of 
gases, see Baly, “ Spectroscopy,” 3rd cd., 1937, 
Vol. II, p. 157 and Travers “ Study of Gases,” 
p. 298. Gattcrer (Physikal. Z. 1932,33, 64) has 
shown the possibility of quantitative analysis 
of various gaseous mixtures by this method. 

Absorption Spectra . — Analytical methods on 
this principle have been used for nitrogen dioxide 
(Robertson and Napper, J.C.S. 1907, 91, 
761 ; Willey and Foord, Proc. Roy. Soc. A, 
1932, 135, 166). The latter workers, using the 
potassium photoelectric cell, can detect 0-001% 
of N0 2 . Lambrey (Compt. rend. 1931. 193, 
857) has used absorption spectra for the detec- 
tion of nitric oxide. Other gases which can be. 
determined in this way are ozone (Kruger and 
Moeller, Physikal. Z. 1912, 13, 729 ; Ruvssen, 
Natuurwetensch. Tijds. 1933, 15, 6), methane 
(Kruger, Reinkober and Ricgger, Chem. Zentr. 
1919, ii, 39), and benzene vapour (Laurinn. 
14th Congress of Chemistry and Industry, Paris, 
1934; Gull and Martin, J. Sci. Instr. 1935, 12, 
379). Raman spectra have been applied to the 
determination of olefines in the presence of 
trimethylene derivatives (Lespieau, Bourguel 
and Wakeman, Compt. rend. 1931, 193. 238). 

H. R. A. 

GAS-VOLUMETRIC METHODS OF 
ANALYSIS 

The above term is applied to those processes 
in which a so'id or liquid substance is deter- 
mined by the generation and measurement of a 
gas. The nitrometer, devised bv Lunge (Bor. 
1878, 11, 434 ; 1888, 21. 376 ; 1895, 28. 1878, 
2030) for the estimation of nitric acid and 
nitrates, is applicable to a large number of other 
purposes of this type. It consists (Fig. 9) of a 
burette, fitted at the top witli a three-way tap 
and eup-shnped funnel, and communicating at 
the bottom, by means of rubber tubing, with a 
levelling-tube of the same diameter. To increase 
accuracy, the volume may be increased by ex- 
panding the upper part into a bulb as shown in 
Fig. 10. The use of the nitrometer for the deter- 
mination of nitrates is based on the fact that 
when a nitrate solution is shaken with concen- 
trated sulphuric acid in the presence of mercury, 
the nitrogen is given up as nitric oxide. For the 
analysis of, say, nitrous vitriol, the apparatus 
is filled with mercury, so that when the tap is 
open, mercury just passes into (lie funnel 
when the levelling-tube is raised. The nitrous 
vitriol is now introduced into the funnel (0-5- 
5 ml., according to strength), the levelling-tube 
lowered and the vitriol drawn into the nitro- 
meter. c-are being taken to admit no air. The 
funnel is now rinsed with 2-3 ml. of sulphuric 
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acid which is similarly drawn into the burette, | 
and the process repeated with a further 1-2 ml. 
The burette is now removed from its clamp, j 
and the reaction brought about by vigorously 
shaking the acid and mercury together. When 
no further gas is evolved, the tubes arc levelled ; 

1 mm. of mercury is taken as equivalent to 
6 5 mm. of acid. The final levelling is done by 
cautious opening of the tap with a small quantity 
of acid in the funnel. The volume is now read, 
abo the barometric pressure and the tempera- 
ture in the immediate neighbourhood of the 
middle of the column of gas. The volume is 
reduced to N.TJ*. and (in the absence of further 
corrections, q.v.) 1 ml. of NO is taken as 
equivalent to 0 625 mg. N or 2 813 mg HNO s . 
This uncorrected figure is adequate for most 
purposes ; for high precision work, various 
corrections are applied on account of phjsical 
solution of nitric oxide, formation of ammonia, 
nitrogen, nitrous oxide, etc. Detailed studies I 
of such effects have been made by Newfield and 
Marx (J. Amer. Chem. Soc. 1906, 28, 877), 
Marqueyrol and Florentin (Bull. Soc chim. 


Fio. 9. Fig. 10. 

1911, 9, 234), Beckett (J.CS. 1920, 117, 
220), and Marqueyrol (M^m. Poudres, 1924, 
21, 326). For Bubstances soluble m water, a 
small quantity of aqueous solution is drawn into 
the tube, and the funnel washed out with the 
strong acid ; substances insoluble m water 
( t g. nitrocellulose) are dissolved m the funnel. 

The nitrometer may be used for almost any 
reaction in which a gas is quantitatively evolved ; 
important applications are the determination of 
(l) ammonia, urea and other amino-compounds 
with hypobromite, (n) carbonates, (ui) hjdrogen 
peroxide and bther oxidising substances, by 
reaction with excess of permanganate, etc. 
(Baumann, Z. angew. Chem. 1891, 4, 135, 198, 
339, 392), (iv) nitrites (Riegler, Z. anal, Chem. 
1897, 36, 665), (v) nitrous acid in spent nitrating 
acids (Holden, J.S.C.I. 1930, 49, 220). Most of 
these processes are more conveniently per- 
formed with an apparatus such as the following, 
where the decomposition is effected m a separate 
vessel. The separate vessel illustrated in l'ig. 11 
is designed for such reactions as (i), (u), and (in) j 
above ; other designs are used for the reaction ; 
of nitratis w ith mercury and Bulphuric acid. j 


The Gas- Volumeter. — The principle of this 
apparatus (Fig. 11) is the piovision of a 
“ control ” tube B which contains an amount 
of gas, the volume of which at N.T.P. is pre- 
cisely known ; it is usually filled with a quantity 
of air, the volume of which at A T.TJ*. would be 
exactly 100 ml. If the levelling-tube C is so 
adjusted that the mercury-level m B is exactly 
on the 100 ml. mark, and is also levelled with 
that m A, then the gas in A must be under the 
same conditions of pressure and temperature as 
that in B, which, as has been seen, indicates a 
correct volume at B'.T.P. The volume in A, 
therefore, is automatically corrected to N.T.P. 
B is kept dry or wet according to whether the 
gas in A is dry or wet (dry for nitrates, wet for 
most other purposes). The Dupont nitrometer 
(Pitman, J S C.I. 1900, 19, 983) 13 an instrument 



embodying this principle largely used in the 
U.S.A. in connection with nitrocellulose. 

Schloslng-Schulze-Tlemann Method for 
Nitrates. — This is an important method for 
the determination of nitrates, in which they arc 
converted to nitric oxide by heating with ferrous 
chloride and hydrochloric acid. Details of the 
process and the necessary apparatus are given 
m Treadw ell and Hall’s “ Analytical Chemistiy,” 
Vol. II, 8th ed. ; a study of its application to the 
analysis of nitrocellulose has been made by 
Marqueyrol (M£m. Poudres, 1924, 21, 326). f>ee 
also Volumetric Methods, p. 664, H. R. A. 

ANALYTICAL APPLICATIONS OF 
SPECTROSCOPY. 

Imrodcctiow — For many jeors chemists 
have been familiar w ith the production of flame 
spectra of the alkali and alkaline earth metals 
with the aid of the visual spectroscope. The 
development of spectrographs with a quart* 
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optical system has led to the ultra-violet 
spectrographic analysis to all the metals and 
some of the non-metals. Absorption spectra 
have been used to a large extent in the analysis 
of organic compounds, but attention will be con- 
fined here to emission spectra and their use in 
qualitative and quantitative analysis. The chief 
advantages gained by the use of the spectrograph 
over ordinary chemical analysis are that (a) a few 
milligrams of a sample suffice for a complete 
analysis, (6) in many instances the sample need 
not be destroyed, (c) traces of impurities which 
might escape detection by routine analysis are 
easily found, ( d ) a permanent record is obtained. 

Methods of Excitation. — 1. The Flame . — 
The exact procedure and the mode of excitation 
to be adopted in any given case will depend on 
the nature of the material under investigation. 
For spectrum analysis of solutions with a flame, 
an ordinary Bunsen burner using town gas has 
too low a temperature to permit of the satis- 
factory volatilisation of many elements, but 
oxy-coal gas, oxy-hydrogen, air-acetylene and 
oxy-acetylene flames have been successfully 
used. Solutions are sprayed into the flame from 
specially constructed burners. 

2. The Arc. — If the sample is in the form of 
a metal rod, two lengths cut from the rod 
are clamped in a suitable stand connected 
with a current supply and a direct current 
arc struck by touching the two electrodes. If 
a powder is submitted it is placed on the lower 
electrode of a copper, carbon or silver arc. 
In quantitative work particularly it is convenient 
to drill a small hole in tho electrode and to 
compress the powder into a pellet which is 
dropped into the hole. The electrodes are 
brought near to one another and the arc is 
struck by touching both of them with a third rod 
of the same material. Although electrodes may 
be purchased specially prepared for spectro- 
scopic analysis, they always contain small 
quantities of impurities, for example, the purest 
carbon rods often contain vanadium, iron, 
silicon, aluminium and titanium. Russanow 
(Z. anorg. Chem. 1934, 219, 332) has shown that 
by heating graphite electrodes to a temperature 
of 2,700°C. for 3 minutes they may be freed 
from these elements. With this treatment, 
traces of calcium, boron, magnesium and 
copper still persist. According to Ziirrer and 
Treadwell (Helv. Chim. Acta, 1935, 18, 1181), 
tho use of a flame arc with 12 amperes for 
2-3 minutes in an atmosphere of hydrogen or 
argon with the addition of 5% of chlorine re- 
moves all elements except faint traces of 
calcium. In every case it is necessary to make 
an exposure of the electrodes as a “ blank ” 
before adding the sample. An extension of the 
arc method is that of the “ Abreissbogen ” or 
interrupted arc, which Gerlach states gives 
greater sensitivity with some elements. 

3. The Spark. — A high-tension spark is usually 
to bo preferred as a means of excitation if the 
sample is small, in the form of sheet or wire, if 
the material must not be destroyed, e.g. ancient 
coins, or if an exploration is to be made of 
differences in composition in an ingot, e.g. due 
to segregation in an alloy. Tho spark is con- 
veniently obtained from a J KVA transformer 
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giving secondary voltages of from 8,000 to 15,000 
on an open circuit. The spark gap and a con- 
denser are shunted across the secondary of the 
transformer. It is found that the condenser 
gives an enhanced intensity to the spectral 
lines. A self-induction coil is inserted in the 
spark-gap circuit ; its use tends to eliminate air 
lines from the spectrum. It is convenient to 
have a variable condenser and a tapped self- 
induction coil so that the values of capacity 
and inductance may be varied. Two small 
specimens are cut and held with pincers in an 
insulated stand, and the condensed spark is 
passed between these electrodes. If the samples 
are small, they tend to become unduly heated 
and it is necessary to give intermittent exposures 
allowing a few seconds between successive 
sparkings. The utmost care must be exercised 
in handling the electrodes to avoid contamina- 
tion. 

The high-tension spark has been successfully 
employed also for the analysis of solutions 
(Twyman and Hitchen, Proe. Roy. Soc. A, 
1931, 133, 72), and for the investigation of the 
spark spectra of gases when under reduced 
pressure (Lundeg&rdh, Z. Physik, 1930, 66, 
109). Gerlach has used a high-frequency dis- 
charge from a Tesla coil for the examination 
of clinical and pathological samples (“ Clinical 
and Pathological Applications of Spectrum 
Analysis,” Adam Hilger Limited, London, 1934). 

The Spectbograi'H. — A number of firms have 
turned their attention to the manufacture of 
spectrographs of different sizes for various pur- 
poses. A small size allows the complete 
spectrum from A 2,100 to 8,000A to be taken 
on a photographic plate 4J in. in length. This 
is a convenient instrument for the study of 
flame and other Bimple spectra, e.g. from brasses. 
The “ medium ” Bizo spectrograph covers the 
same range of wave-length on a 10-in. plate. 
This instrument is tho most convenient size 
for general spectrographic work. A wave-length 
scale is usually incorporated in the small and 
medium spectrographs. This can be printed by 
means of a small lamp directly on to the plate 
in juxtaposition to the spectrogram, thus 
enabling the analyst to read off the wave-length 
of the spectrum lines. The largest spectrograph 
has a dispersion such that the complete spectrum 
would be some 25 in. in length. This dispersion 
is necessary for the separation of the spectral 
lines in steels, etc., which give complex spectra. 
In practice, this long spectrum is taken in three 
overlapping sections on a 10-in. plate, by 
rotating the prism and adjusting the focus of 
the lens and the tilt of the plate. Adam 
Hilger Ltd., placed on the market in 1930 an 
improved all-metal model of their large spectro- 
graph. This has both glass and quartz optical 
trains which are interchangeable with one move- 
ment. The prisms are mounted back to back 
with a metal division between them. Each 
prism has its own lens. The range of the 
spectrum is altered by only one adjustment, 
which rotates the prism, and resets the lens and 
the plate. It is claimed that it is easier to take 
a spectrogram with this instrument than to 
take a photograph with a box camera. There 
are also simpler visual instruments suitable for 
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workshop use such as Hilger’a Spckker Steelo- 
scopc. 

Interpretation of Sfectrocbams. — The 
photographic plate containing % series of 
spectrum lines may he examined either hy 
transmitted light with the aid of a low.power 
lens or microscope or by projection on to a 
translucent or opaque white screen. 

“ J?ates Vlhmes ” — Every element gives a 
characteristic spectrum of lines, the intensity 
of which is dependent on the method or excita- 
tion, the concentration of that element in the 
sample, and the presence of other elements. 
The simplest spectra are obtained from the 
flame, whilst some lines rendered visible by the 
spark are not given by the are. As the con- 
centration of an element decreases, some lines 
in the spectrum disappear until finally at a 
limiting concentration only one or two lines 
remain. These lines are termed the “ rails 
ultimes ” or ultimate lines; they have been 
investigated for almost every element (sec 
T wyman and Smith “ Wave length Tables for 
Spectrum Analysis,” Hilger, 1-ondon, 1931) 
In examining a spectrogram for a suspected 
element it is only necessary to look for the 
ultimate lines, whence its presence or absence 
may he directly deduced. 

Qualitative Analvms — The simplest 
method of qualitative analysis is the case 
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where it is known in advance which elements 
are to be sought. The spectrum of the test 
material is then photograjihed between the 
spectra ot the elements whose presence is 
suspected. This is convenient!} done by using 
a Hartmann diaphragm with three apertures 
which slides in front of the slit, t.g the presence 
of iron and magnesium in a sample of alumuuutu 
can he confirmed V>} l ah mg spectra ot pure iron, 
the specimen of aluminium under test and pure 
magnesium, Jf the ultimate lines of iron and 
magnesium are seen to bo coincident with lines 
in the aluminium spec trum, the presence of these 
elements is confirmed (Fig. 1). With experience, 
a spectroscopist knows where to look for the 
ultimate lines of an element and can tell by a 
glance at a spectrogram if a given element is 
present without the necessity ol photographing 
other spectra in juxtaposition. The complete 
qualitative analysis of some materials may be a 
lengthy procedure, for example, Ramage and 
other workers have reported the present e of 
as many as fifty different elements in various 
samples of coal ash. The easily -identified “ raies 
ultimes ” are very useful also in the calibration 
of a spectrogram enabbng the spectrostnpin to 
determine the wave length of other lines present ' 
on the plate. 

Quantitativ b Avals sis. — 1 Comparison 
Uelhml . — A number of dificrcnt methods have I 


been proposed. They all depend on the fact 
that the intensity of the spectrum lines of an 
element on a photographic plate is a function of 
the quantity of that clement present in the 
source of light. The simplest method is the 
“ comparison sample ” method. The spectra of 
a senes of standard alloys containing increasing 
known amounts of a given element arc photo- 
graphed, together with that of the sample, under 
identical conditions. The spectra arc arranged 
m juxtaposition on the plate (Fig. 2). By visual 
observation of the intensity of the lines due to 
the impurity, an estimate may be obtained of 
the percentage present in the given sample. 
The analysis is best carried out by first using 
standard samples of wide range of impurity 
content and then repeating the analysis with 
other standards of narrower range determined 
by the previous analysis. Tins method of 



comparison spectra is particular!} useful in 
testing material for compliance with a sperifi 
ration. If the limits allowed by the spe i ih< ition 
can be distinguished spcctrogritplnealh , stan- 
dard samples are prepared containing the base 
material with the addition of the impurity in 
amount corresponding with the lower and higher 
limits severally. The spectrum of the sample 
under test is photographed between the sjiectra 
of the tvv o standards. Direct observ ation of the 
intensity of suitable chosen hues will indicate 
whether the sample conforms to the specific!- 
tion. In any comparative spcetrographic 
analysis it is of the utmost importance that the 
technique should lie rare folly standardised 
In tiling the are, c are should he taken that 
the current strength is maintained constant; 
the size of the electrode*, the arc length, the 
exposure and time of development should be the 





691 


CHEMICAL ANALYSIS. 


panic for each sample of a series. Similarly 
when the spark is employed, the same values of 
rapacity and inductance should be used and the 
other factors maintained constant. 

2. Internal Standard Method. — Another 
method of quantitative analysis which has been 
widely used since it was first described by 
(icrla'ch is known as the “ internal standard ” 
method. This method is based on the com- 
parison of the intensity of a line due to an im- 
purity with that of a line due to the base material 
or a known added element. Gerlaeh and 
Schweitzer (“ Foundations and Methods of 
Chemical Analysis by the Emission Spectrum ”) 
have worked out a series of tables showing the 
percentage of one element in another which 
yields equality of intensity of “ homologous 
pairs ’’ of lines. The lines chosen are as far as 
possible those which arc insensitive to change 
in the excitation conditions. It is nevertheless 
important to keep these conditions as constant 
ns possible and, to assist in this, observation is 
made of another pair of lines in the spectrum of 
the base material one of which is an arc line 
and the other a spark line, the intensities of 
which are known to vary with the conditions 
of excitation. The lines are chosen to be close 
to one another to avoid errors due to variation 
of the sensitivity of the plate. The capacity 
and inductance in the circuit are therefore 
adjusted until this “ fixation ” pair of lines are 
of equal intensity. Then the analytical tables 
of “ homologous pairs ” may be directly applied. 
This method is obviously limited to the analysis 
of materials for which tables of homologous 
pairs of lines have been worked out. • 

3. Logarithmic Sector Method. — A more 
generally applicable method is that of the 
logarithmic wedge sector. Scheibe and Neu- 
hhusser (Z. angew. Chcm. 1928, 41, 1218), and 
Twyman and Simeon (Trans. Opt. Soc. 1930, 
31, 169) have described this method in which a 
disc, the periphery of which is cut logarithmically, 
is rotated by a motor in front of the spectrograph 
slit. The resulting spectrum consists of a series 
of wedge-shaped lines (I'ig. 3). The difference 
in length between two lines, due one to the base 
material and one to an impurity, is a function 
of the amount of the impurity present. As with 
the “ internal standard ” method, a scries of 
standards is prepared using known percentages 
of one element added to a base material. A 
curve is drawn correlating the percentages of 
the ndded element with the differences in the 
lengths of two lines lying close together. The 
test sample is photographed under the same 
conditions, and from the difference in line length 
the percentage of the impurity is read off on the 
curve. With this method it is important that 
the whole of the slit should be evenly illuminated. 
This is ensured by using a condensing lens of 
such focal length that the image of the light 
source is formed on the prism of the spectro- 
graph. A convenient datum line, from which 
the length of the spectrum lines is measured, is 
obtained by adjusting the height of the sector 
so that a portion of the slit is continuously 
exposed (see Fig. 3). The chief difficulty is the 
determination of the end-points of the lines. 
The lines become progressively fainter until 


they merge into the background. Various 
expedients have been suggested for measuring 
the line length, but the method which is most 
in favour consists in the use of a X 6 eye-piece 
fitted with a 20 mm. scale, marked with 0T mm. 
divisions. This is placed directly on the 
negative which is illuminated hy transmitted 
light. With practice, and the choice of a 
suitable contrasting plate, developer and time 
of development, it is possible to read the length 
of a line to 0-1 mm. 

4. Photometer Method . — A convenient instru- 
ment for measuring line intensity is the jnicro- 
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photometer consisting of a photo-cell with a fine 
aperture nnd a mirror galvanometer, lamp, and 
scale. The degree of blackening of a line can 
be determined accurately as a function of the 
galvanometer deflexion by projecting a spectrum 
line on to the aperture of the photo-cell. This 
method eliminates the necessity of proceeding 
with an analysis in steps, and avoids the 
dillirultv of visual comparison of line intensity. 

Afj'licatio.vs to Miscellaneous Phujilems. 
— The increasing use to which the spectrogiaph 
is being put in industrial laboratories indicates 
that chemists are realising the great advantages 
which accrue from its use in routine analysis. 
New methods for increasing its accuracy are 
frequently being described. 
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In the etudy of the coprecipitation of mag- 
nesium with calcium a 3 oxalate, Popoff, Wald- : 
bauer, and McCann (Ind. Eng. Chem. [Anal.] 
1932, 4, 43) used spectroscopic methods. 
Similarly, Knowles and Martin (Trans. Faraday 
Soc. 1935, 31, 502) have investigated the precipi- 
tation of zinc together with copper as sulphide. 
Churchill (Ind. Eng. Chem. 1931, 23, 996) has 
applied the spectrograph to the detection of 
fluorides occurring in drinking water at a con- 
centration of less than 1 mg. per litre. The 
extended nse of aluminium culinary ware has 
led to the study of the possible contamination of 
food by aluminium. Occasionally spectroscopy 
has been applied to criminology, and a few 
instances are cited by Judd Lewis (Analyst, 1935, 1 
60, 10). Recently, perhaps the largest field of 
application has been in the realm of metallurgical 
analysis (D. M. Smith, “ Metallurgical Analysis 
by the Spectrograph,” British Non-Ferrous 
Metals Research Association, 1933). By these 
methods the unexpected presence of rare 
elements has been revealed, t q. gallium m zinc, 
germanium in coal ash, scandium m silver. 
Methods have been described for the analysis 
of alloys containing up to 10% or more of one 
element. The quantity of any element capable 
of detection in a particular case varies with the 
method of excitation and the nature of the 
other constituents present. D. M. Smith states ; 
that about 5 X 10** % of cadmium and 1 X 10 -4 % | 
of copper and silver can be detected with cer- 
tainty in a sample of lead, using an arc method. 

Metzger (Ind. Eng Chem. 1935, 27, 112) 
ha3 shown that 1 part of krypton can be 
detected in 10* parts of oxygen but that 1% 
of oxygen in krypton cannot be found by spectro- 
scopic means. Spectroscopic analysis has no 
rival for the rapid detection, and in many cases 
the quantitative estimation, of impurities in 
many varieties of material. 

Literature . 

(In addition to books mentioned in text above, 
and in Spectboscofy, Diet., Supplement II, 
408.) 

D. M. Smith, “ Bibliography of Literature on 
Spectrum Analysis,” British Non Ferrous Metals 
Research Association, 1935. A. L. T. 

ELECTROCHEMICAL ANALYSIS 

Electrical methods of analysis may be con- 
sidered nnder three headings, according as they 
involve (a) conductivity measurements, (6) de- 
position of a metal or oxide, or (c) measurement 
of electrode potentials These three sections 
will be considered in turn. 

Conductivity Methods. 

The applications of electrical conductivity in 
analytical work are two-fold s first, for detecting 
the end-point of a titration, and secondly, for 
estimating amounts of electrolyte. The con- 
ductivity of a solution depends primarily on the 
concentrations and equivalent conductivities 
(i t. mobilities) of the ions present, and so it is 
often possible to detect by appropriate measure- 
ment the removal of one kind of ion or its 
replacement by another. The adaptation of this 
idea to the determination of the end-point 


of a neutralisation titration was suggested by 
Kohlrausch in 1885, but it appears to have 
been used first by KGster and his co-workers in 
1903 : it has since been frequently applied to 
other reactions, the end-points being generally 
marked by a change in the direction of the 
curve representing the conductivity during the 
course of the titration. 

Measurement.-— In general, conductivity is 
measured by mean3 of a Wheatstone bridge 
arrangement (Fig. 1). The cell C is placed in 
one arm of the bridge and a known resistance R 
in the other ; S is the source of A.C.. which, is 
used to prevent polarisation at the electrodes, 
and D is a current detector ; AB is the “ bridge- 
wire,” along which can be moved the contact E. 
When no current is indicated bv D the ratio of 
the resistances (or lengths) of AE to EB is equal 
to the ratio of the resistances of C to R ; the 
conductivity of C is the reciprocal of its resist- 
ance. The simplest source of A.C. is a small 
induction coil ; D may then be a telephone 
earpiece, the sensitivity being increased if 
required by the use of a thermionic valve 



amplifier. The noise made by a spark-coil is a 
disadvantage and moreocer it does not give 
really symmetrical A.C., and so valve-oscillators 
giving a frequency of about 1,000 cycles are 
employed. Some workers replace the tele- 
phone by an A.C. galvanometer or by a D C. 
instrument in conjunction with a dry rectifier 
of the copper-copper oxide-lead type, the 
latter arrangement being preferable. Other 
types of rectifier, e.g. salve and crystal, have 
been employed. 

For titration purposes it is _ not necessary 
to know the actual conductivity, since any 
quantity directly related to it is adequate ; this 
fact is applied in various systems of “visual 
titration.” In one of these the resistance R is 
kept constant and so also is the position of E, 
whole D is replaced by the primary of a trans 
former the secondary of which is connected 
across & dry-rectifier and galvanometer. The 
reading of the latter can be used, instead of the 
conductivity of the liquid in C, to determine 
the end point of a titration. The fixed position 
of E must be chosen so that the bridge is never 
actually balanced during the course of the 
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titration. If high accuracy is not required the known amounts of titrant ; the end-point, 
A. C. electric-light mains, through a transformer, which, must be well passed, is determined 
may be used for conductivity work ; a galvano- graphically by plotting the conductivities (or 
meter is then essential as a detector, since the equivalent galvanometer readings) against the 
telephone and ear are insensitive to the 50-60 volumes of titrant added, as will be seen later, 
cycle note. Another simplification for con- The volume change in the titration should be as 
ductometric titration work avoids the use of small as possible, and this is achieved by using 
the Wheats tone-bridge and also employs the the titrant, in a micro-burette, ten to twenty 
A, C. mains ; the arrangement is shown in times as concentrated as the titrated solution. 
Fig. 2. The bell-transformer T steps down the In accurate work a correction for the volume 
mains voltage to about 3 volts, and the current change may be applied. The main advantages 
passes through the cell C ; between the terminals of conductivity titration are (a) coloured solu- 
A and B are connected a galvanometer, or tions as dilute as 0 0001 N may be analysed, 
millivoltmeter, and a rectifier. The resistance (6) only a limited number of readings is generally 
R, about 600 ohms, acts as a shunt and is necessary, and (c) there is- no need for special 
adjusted according to the sensitivity of the precautions near the end-point, as with other 
meter. The deflection of the latter may be titrations, since it is determined graphically, 
taken as a measure of the conductivity of the The chief disadvantages are (a) a thermostat is 
solution in the cell C. In some cases A and B desirable for reasonably accurate work, Bince the 
have been connected to the grid and filament, conductivity increases by about 2% per degree, 
respectively, of a thermionic valve, and the and the solution may well become warm during 
variation of the conductivity of C indicated by the titration, and (b) the presence of appreciable 
the reading of a micro-ammeter in the anode amounts of foreign electrolytes reduces the 
circuit. These modifications have made what accuracy of the results. 


was at one time a delicate 

physico-chemical laboratory 

operation into one suitable 
for industrial control pur- 
poses. 

Although alternating current " • u - 
is most frequently employed Supply 
for conductivity work various 
suggestions have been made 
for the use of direct current : 

these are, however, mainly of 

academic interest. There is 
available, however, a com- 
mercial instrument known as 



A 


the Dionic Water Tester (Ever- 


Fxo. 2. 


shed and Vignollcs, Ltd.), 

employing D.C. for conductivity determine- Conductometric titrations fall into three main 
tions, sufficiently accurate for technical estima- categories : (a) neutralisation, (6) displacements, 
ti on of electrolytes and for many titration and (c) precipitation processes. There are one 
purposes. It consists of a hand-driven dynamo or two cases of oxidation-reduction reactions 
supplying D.C. at 100 volts, which is passed followed by conductivity measurement, but 
through the solution under investigation ; the these are of minor significance, 
current strength, directly proportional to the Neutralisation Titrations . — Strong Acids 
conductivity, is registered on a suitable meter, and Strong Bases . — At 18° the equivalent con- 
The latter is graduated by the makers to read ductivity of the hydrogen ion is 314 and that 
directly the specific conductivity of the solution, of the hydroxyl ion is 172, whereas very few 
an average allowance of 2 volts being made for other ions have values exceeding 70 reciprocal 
the polarisation of the gold-plated base metal ohms. In the neutralisation of a strong acid 
electrodes. by a strong base the acid is converted into its 

A vnriety of cells suitable for conductometric salt, that is, the hydrion is replaced by the 
titration have been designed, the essential cation of the base, and so the conductivity must 
feature of them all being the provision of means decrease. When the acid is completely neu- 
for keeping the two platinum electrodes, tralised the further addition of alkali results 
generally 1 sq. cm. area, in fixed positions in an increase of conductivity, so that the 
relative to one another ; the ability to stir the conductivity-titration graph must be as in 
titrated solution mechanically is an advantage, Fig. 3, I. It can be shown theoretically that 
and it should also be possible to place the vessel the two portions of the graph must be straight 
in a thermostat. The electrodes should be lines, intersecting at the equivalence-point, 
platinised in tho usual way, by the electrolysis provided there is no appreciable volume change 
of a platinic chloride solution, but if very highly in the titration ; the position of the end-point 
dilute solutions are being employed, it is perhaps can thus be found by drawing straight lines 
better to avoid the error due to adsorption by through the experimental points (marked with 
the platinum black and use smooth electrodes, crosses). A strong base when titrated with a 
In carrying out a titration the conductivity of strong acid gives a curve similar to Fig. 3, I, 
the solution is measured at tho commencement since the anion replacing the hydroxyl ion during 
and also after the addition of each of about ten neutralisation has a lower conductivity. 
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Very Weal 1 When a very weak acid, 1 

e g. a phenol, dissociation constant jo -7 to 10 -11 , 
>9 titrated with a strong alkali the conductivity 
of the solution increases from the commence- 
ment, since the neni is only very slightly ionised 
and has a low conductiuty, whereas the salt 
formed during neutralisation is a good con- 
ductor. When the end-point is passed the con- 
ductivity increases more rapidly beeause the 
free alkali is a better conductor than the salt, 
and so a graph of the type of Fig. 3, II, is 
obtained. On account of by drolysis the actual 
conductivity follows the dotted line, but the 
end-point can still be obtained by finding where 
the two straight lines cross. The intersection 
13, however, not very sharp and the results conse- 
quently not highly accurate ; in dilute solution 
the break is even less marked. 



Moderately Treat. Acids — In the titration of 
a moderately weak acid, e.g. acetic, propionic, 
etc , dissociation constant 10 -4 to IQ-', a curve 
of the type of Fig. 3, III, is obtained ; there is 
a slight decrease in conductivity at the com- 
mencement because of the removal of hjdnons, 
but as the salt accumulates it represses the 
ionisation of the acid so that it then behaves as 
if it wire a very weak acid (ef. Fig 3. II) The 
sharpness of the intersection can be improved by ; 
titration with a weak base, eg. ammonia ; the 
type of curve is as Fig. 3. Ilia. The conduc- 
tivity of the ammonium salt of the acid is little 
different from that of the salt of the strong-base, 
eg. sodium, but after the end-point the free 
ammonium hydroxide contributes rirj little to 
the conductivity, which thus remains almost 
constant. 

Moderately Strong Acids. — Auds having dis 
Bociation constants between 10~* and 10 - *, 
e.g. mandeln and salicylic aiids, give conduc- 
tivity -titration curves of a type intermediate! 


between those of a strong anil mode rat t !y weak 
acid, as in Tig. 3, IV : the intersection at the 
end point is not sharp and so it cannot be 
determined accurately. To overcome this 
difficulty ammonia is added, until about one- 
third of the acid is neutralised, the system is 
then titrated with a strong alkali ; two sharp 
breaks are observed, and the amount of strong 
alkali added w hen the second of these is reached 
13 equivalent to the total acid originally present. 
The alkali not only neutralises the remaining 
and but also displaces the ammonia from the 
salt. Alternatively, moderately strong atids 
mav be estimated by rev rrsing the titration and 
adding the acid to standard alkali m the cell. 
Whenever alkali i9 being titrated, however, 
special precautions must be adopted to prevent 
access of carbon dioxide from the air. 

Mature* of Acids. — The conductometric 
method prov ides one of the best means of esti 
mating a mixture of a strong and a w cak ncid ; 
it is then advisable to use a weak base, eg. 
ammonia, as titrant. The conductivity fir*t 
decreases as the strong and is neutralised, and 
when this is complete the curve changes its 
direction and the conductivity increases ; finally 
when both acids are neutralised there is a second 
break and the conductivity remains almo9t 
constant. 

Applications — Conductometric acid alkali ti- 
trations have been applied to various strong 
acids and bases, to a number of weaker acids, 
t g. amino-acids, bone, carbonic, 1 ictic, mandelic, 
o-nitrobcnzoi< , salicylic, succinic, sulphurous 
and tartanc acids, to a number of phenol-*, und 
to various weak bases, eg alkaloids, ammonia, 
aniline, magnesia, methylammes and py inline. 
On the more technical side the conductivity 
method has been used for the determination of 
carbon dioxide in water, of the acidity’ of beer* 
wine, leather tanning liquors and soil extracts, 
and of the alkalinity of paper digestion liquors. 
The acid numbers of fatty acids, in alcohol 
solution, have also been determined by con- 
duct omi trie titration. The principle of esti- 
mating a mixture of a strong and a weak acid 
has been applied to detect the presence of 
mineral acid in vinegar, and analogous appll 
cations arc the analysis of mixtures of caustic 
alkali and ammonia, and of a hydroxide or 
bicarbonate and carbonate. 

Displacement Titrations. — The salt of a 
weak acid, or of a weak base, may be titrated 
conductometrically bv means of a btrong acid, or 
base, respectively ; the first effect is to produce 
little change in the conductivity For example, 
in the titration of sodium acetate by' hydro 
chloric acid the resulting sodium chloride has a 
conductivity’ only little greater than that of 
the acetate removed, and the acetic acid formed 
contributes a negligible amount. At the end 
point, how ev cr, free by drochlone acid is present 
in the solution and the conductivity rises rapidly 
on its further addition. The intersection of an 
almost horizontal line, on the conductivity- 
titration graph, with a rapidly rising one gives 
the end point. 

The principle described has been employed irt 
the estimation of acetates, alkaloids (in the form 
of salts), ammonium salts, benzoates carbonates. 
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phosphates and succinates. The titration of a 
mixture of a hydroxide and carbonate involves 
first a neutralisation and then a displacement 
reaction, two breaks being observed. 

Precipitation Titrations. — In the addition 
of sodium chloride to silver nitrate, for example, 
insoluble silver chloride is precipitated and the 
silver ions in solution are replaced by sodium 
ions having a similar conductivity ; the con- 
ducting power of the solution thus alters little. 
After tho end-point the further addition of 
sodium chloride causes tho conductivity to in- 
crease, sinco no silver nitrato remains with 
which it can react. If the conductivity of the 
ion in the titrant, i.e. sodium in the example 
given, is smnller than that of the precipitated 
ion, i.e. silver, tho conductivity will actually 
decrease whilst precipitation is occurring ; the 
intersection at the end-point will then bo sharper 
than would otherwise be the case. The sharp- 
ness can be further increased if the precipitating 
ion, i.e. chloride, has a high conductivity. 
Errors in conductometric precipitation-titra- 
tions may be due to (a) the solubility of the 
precipitate, (b) its rate of formation, or (c) its 
uncertain composition. The first two sources 
of error can frequently be overcome by the 
addition of alcohol, and the last by titrating a 
hot solution. 

Applications. — Examples of precipitation ti- 
trations which have been carried out conducto- 
metrically arc the following, tho titrant being 
given in parenthesis after the name of the sub- 
stanco being estimated : barium (lithium sul- 
phate) i bromide (silver nitrate, mercuric 
perchlorate) ; cadmium (sodium sulphide, 
potassium fcrricyanide) ; calcium (lithium or 
potassium oxalate, lithium sulphate) ; car- 
bonate (barium chloride) ; chloride (silver 
nitrate) ; chromate fbarium chloride, silver 
nitrate) ; cobalt (potassium ferricyanido) ; 
copper (potassium fcrricyanide) ; cyanate (silver 
nitrate) ; cyanide (silver nitrate) ; ferrocyanidc 
(silver nitrate, zinc chloride) ; ferrous ions 
(sodium sulphide) ; iodide (silver nitrate or 
acetate) ; lead (sodium sulphide, lithium 
chromate or sulphate, potassium ferrocyanidc) ; 
potassium in concentrated solution (sodium 
perchlorate) ; molybdate (lead acetute) ; stron- 
tium (lithium chromate or oxalate) ; sulphate 
(barium acetate, chloride, hyd roxido or nitrate) ; 
thiocyanate (silver nitrate) ; thallium (sodium 
chromate) : tungstate (lead nitrate) ; and zinc, 
other than sulphate (sodium hydroxido). Nitrat- 
ing acid, consisting of a mixturo of nitric and 
sulphuric acids, has been analysed conducto- 
metrically : the total acid is determined by 
alkali, and the sulphate in the neutralised solu- 
tion is titrated by lead nitrate in tho presenco 
of alcohol. 

Other Applications. — Conductivity mea- 
surements have been applied to analytical pur- 
poses other than those involving titrations, 
in any process where there is likely to bo a 
change in the amount of electrolyte, which is 
either in solution or cun be extracted by water, 
the conductivity method may be used to indicate 
such a change. Tho method has the disadvan- 
age that it is unable to distinguish between one 
electrolyte and unothcr, but for purposes of 


industrial control, where the same substances 
always occur, this is not serious. The apparatus, 
which may be of the Dionie Water Tester typo 
[v. p. 693) can then be standardised for the 
particular conditions under which it is to func- 
tion. Mains-operated conductivity apparatus 
can be readily adapted for the purposes of auto- 
matic control of industrial processes. 

Conductivity methods have been used in con- 
nection with the following purposes : the detec- 
tion of leakage of cooling water, particularly if 
sea-water, into a steam condenser, and of 
“ priming ” of a boiler, both of which result in 
an increase of conductivity of the condensate, 
tho determination of the amount of dissolved 
electrolyte in boiler-feed water, and in mineral 
and potable waters. The estimation of the 
mineral (“ ash ”) content of sugar and sugar- 
syrups, of tho acidity of water used in retting 
fibres, of the amount of alkali carried over by 
mercerised yarn, and of solublo salts in soil, 
can all be carried out by conductivity measure- 
ments. These have also been used to control 
the composition of the absorbing solution in 
the manufacture of sulphuric acid. 

Bibliography. — Kolthoff, “ Kondukto- 
metrische Titrationen,” 1934 ; Jander and 
Pfundt, “ Leitfahigkeitstitrationen und Leitfa- 
higkeits-messungen,” 1934 ; Davies, “ The Con- 
ductivity of Solutions,” 1933 ; Britton, “ Con- 
ductometrio Analysis,” 1934 ; Bottger (editor), 
“ Physikalische Methoden der analytischen 
Chemie,” Leipzig, 1936. 

Deposition Methods (Ei.ectboanai.ysis). 

In general, tho passage of an electric current 
through an electrolyte results in the deposition 
on the cathodo of any metal, unless it is highly 
electropositive ; if tho deposition can be made 
virtually complete, and tho separation of one 
metal from nnother is possible, there is at once 
available the basis of a direct method of analysis. 
Tho possibility of employing electricity in 
analytical work was first suggested by Cruick- 
shank in 1801, but tho early applications were 
for qualitative purposes only. Tho first use of 
the electric current for quantitative estimations 
was made by Wolcott Gibbs (1864) and by 
Luckow (1865), and this marked the beginning 
of a highly important aspect of analytical work 
which has sinco developed very considerably. 
Before describing the practical methods of 
“ elcctroanalysis ” the theoretical principles 
involved will be reviewed briefly. 

Deposition Potentials. — When a metal is 
inserted in a solution of its own ions, c.g. silver 
in silver nitrate solution, a difference of potential 
(7r) is set up between the metal and the solution, 
given by the equation rr= 7 r o -t- 0 - 000227 « log c, 
where T is tho absolute temperature, n tho 
vnlcncy of the ions under consideration and c 
their ionic concentration ; v 0 is a constnnt, 
called the “ standard potential,” for tho 
given mctnl, which is the potential when the 
ions aro at a concentration of 1 g. ion per 
litre. At ordinary temperatures, i.e. about 
17°, the electrode potential may be written 

=Tr n+ 0 058/» log c, so that it changes by 
0-058/n volts for every ten-fold change in ionic 
concentration ; the more dilute the solution 
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the more negative is the potential. All aqueous 
solutions contain hydrogen ions, and hydrogen 
gas also acquires a definite potential in contact 
herewith given by w=jrg-}-0 058 log [H*], the 
valency (n) being unity. The standard potential 
of the hydrogen electrode, »'.e. with gas at 1 atm. 
pressure and a hydrion concentration of 1 g. 
per litre, is taken as the zero of the so-called 
“ hydrogen scale " of potential. The potentials 
of other electrodes can be measured and stated 
on the basis of this scale, and if the ionic con- 
centration (c) is known the standard potential 
(ir # ) of any metal can be determined. Some of 
the values obtained are given below : they are 
for 17°, but the temperature variation is small. 

N a -2-71 Cd-0 40 Pb -0-12 Cu +0 34 

Mn —1*1 Co -0 29 H ±0 Ag+0 80 

Zn -0-76 Nl -0 23 Sb +0 1 Hg+0 80 

Fe -0 44 Sn -0-14 Bi +0 23 An +1-36 

From these standard potentials it is possible 
to calculate the static (or equilibrium) value 
acquired by any of tho metals in a solution of 
its ions at a given concentration. 

The importance of these results is that in 
order to deposit a metal elect roly tically from a 
solution of its salts, by application of an external 
source of E.MJ?., the potential of the cathode 
must be made just slightly more negative than 
the static value (Le Blanc, 1 893). If the solution 
contains several different ionic Bpeeies, then the 
metal having the most positive potential in that 
solution will deposit first ; thus from a solution 
containing simple salts of silver, copper and 
cadmium, the metals will separate in the order 
given. From the equation for the electrode 
potential it can be seen that for the concentra- 
tion of a particular ion to be reduced to 0-1% 
of its initial value the cathode potential at 17° 
must become 3x0 058/n volt more negative 
than at the commencement ; for a univalent 
metal this is a maximum of approximately 
0-18 volt. Provided the static potentials of 
two metals differ by more than 0 2 volt, there- 
fore, it should be possible, by controlling the 
cathode potential, to deposit one almost com* 
pletely, within the limits of experimental error, 
before the other begins to separate. In a 
limited number of cases, t.g. iron and nickel, 
the metals deposit simultaneously as a solid 
solution — separation i9 then generally not 
possible under any conditions. 

The formation of complex ions frequently 
changes the order in which metals deposit, 
because of the different extents to which the 
simple ions are removed in the complex. If 
excess of potassium cyanide is added to the 
solution of silver, copper, and cadmium salts, 
mentioned above, the order of deposition will' 
now be silver, cadmium, copper. Complex ions 
play an important part in electroanalysis by 
permitting the alteration of electrode potentials : 
thus, the potentials of copper and bismuth in 
their simple salts are so close that effective 
separation is impossible, but in the presence 
of excess cyanide the copper potential becomes 
so much more negative that bismuth cnn be 
separated almost completely before deposition 
of copper begins. 

It is important to remember that the potential 


of a cathode as measured is determined by the 
concentration of ions in its immediate vicinity, 
but this may be quite different from that in. the 
bulk of electrolyte. The potential may thus 
indicate almost complete removal of a given 
metal whereas actually an appreciable amount 
may still remain in solution. The difficulty may 
be overcome by vigorous agitation, and this is 
an essential feature of the separation of metals 
by means of controlled, or “ graded,” potentials. 
Stirring has also an important effect in per- 
mitting the use of higher current densities 
(generally abbreviated as C.D., and expressed 
in amps, per 100 sq. cm.) than is possible with 
a stationary electrolyte, thus enabling the pro- 
cess to be carried out more rapidly. In normal 
circumstances the ions to he deposited diffuse 
from the bulk of the solution to the cathode at 
a ratB equal to their rate of deposition, but as 
the C.D. is increased a point is reached at which 
the rate of diffusion attains its maximum value, 
under the operating conditions. This C.D. is 
called the limiting value for 100% efficiency of 
deposition, and if it is exceeded the cathode 
potential rises (negatively) until other ions can 
be discharged to satisfy the requirements of the 
current. In electroanalysis this must be avoided 
unless the second ions are hydrogen ions, but 
even the co-liberation of hydrogen is often in- 
advisable for other reasons The use of the 
controlled-electrode method of separating metals 
obviates the danger of the C.D. exceeding the 
limiting value, because it is always adjusted 
( v . infra) to prevent a change of potential. For 
rapid electrolysis, however, it is desirable to use 
as large a current as possible and so the con- 
ditions should be arranged to give a high limiting 
C.D., at least at the beginning. This may be 
done by the use of vigorous stirring, or of hot 
solutions, or both. In a stationary electrolyte 
the limiting C.D. is about 2 7 amp./dm.* for a 
A-solution at 17®, and is approximately pro- 
portional to the concentration ; at 70® this is 
increased 4-5-fold, and an increase of the same 
order results if the solution is agitated by a 
stirrer at about 400 revs, per min. It is easily 
possible, therefore, in an ordinary electrolyte, 
for the limiting C.D. to exceed 10 amps, at the 
commencement of electrolysis, but as it pro- 
ceeds and the ionic concentration falls the 
limiting C.D. falls correspondingly hence the 
necessity for reducing the current in the con- 
trolled-potential method. Tho more vigorous the 
agitation the less the need for current reduction 
and tho more rapid will be the electrolysis. 

Overvoltage. — There is always a possibility 
that hydrogen will be evolved in the electrolysis 
of any aqueous solution : theoretically, this 
should occur from a N-acid solution at a 
potential of about +0 volt and at about ^0 8 
volt from a N-alkaline solution. Actually, an 
excess potential, known as “ overvoltage,” must 
nearly always be applied to a cathode before 
hydrogen evolution can begin ; the value of the 
overvoltage varies with the nature of the metal, 
and some of these values, important for electro- 
analysis, are quoted below s 

Hg 0 78 ; Zn 0 70 ; Cd0 48; 

Nl 021 ; Fe 0 2 
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Overvoltage must be taken into account when 
considering the possibility of hydrogen evolution 
during the deposition of a metal. Zinc, for 
example, should deposit from a i\ 7 -sulpkato 
solution at about -0-78 volt ; if the solution 
contains A r -acid hydrogen evolution should 
occur at ±0 volt, and so no zinc deposition 
should, theoretically, take place. In actual 
practice, however, it does, since the over- 
voltage of hydrogen at a zinc cathode is 0-70, 
so that zinc and hydrogen are liberated simul- 
taneously. By the use of a less acid solution, 
e.g. acetic acid, the hydrogen evolution potential 
is made still more negative and quantitative 
deposition of zinc can occur. Alkaline, especially 
ammoniacal solutions, are often employed in 
order to inhibit hydrogen evolution. It may 
be noted that overvoltage is almost independent 
of hydrogen-ion concentration, increases with 
increasing C.D., and generally decreases about 
0-02 volt for every 10° rise of temperature. 

Although most metals deposit reversibly, that 
is to say, they begin to deposit when the 
static potential is just exceeded, the metals 
iron, cobalt and nickel are exceptional ; there 
is in these instances a deposition overvoltage, 
which is about 02, 0-25, and 0-3 volt, respec- 
tively, at ordinary temperatures, but at 90° 
the values are reduced almost to zero. The 
marked change in the deposition potential of 
nickel as the temperature is raised makes separa- 
tion from zinc possible at 90°, although under 
ordinary conditions simultaneous deposition 
occurs ; the process is best carried out in am- 
moniacal solution. 

Form of Deposit. — For electroanalytical 
work it is desirable that the metal should be 
deposited in a smooth and adherent form ; large 
crystals are liable to drop off and spongy deposits 
may contain impurities. The nature of the 
deposit is affected mainly by C.D., concentration 
and nature of the electrolyte, and temperature. 
At high G.D. the metal is generally fine-grained 
and smooth, but if the limiting G.D. is exceeded 
and hydrogen is evolved the deposit may become 
spongy and basic salts and hydroxides may be 
occluded. Firm, adherent deposits are generally 
obtained from concentrated solutions and stir- 
ring definitely helps in this respect. It is true 
that the solution must become dilute at the end 
of the electrolysis, but the proportion of metal 
then deposited is small, and in any case there is 
a tendency for 'the nature of the early deposit 
to bo continued. Increase of temperature 
generally improves the deposit, although in some 
cases very hot solutions tend to give poor 
deposits, especially if the hydrogen overvoltage 
is reduced to such an extent that gas evolution 
occurs. It is evident that, as a rule, the con- 
ditions for rapid electrolysis are also those for 
obtaining a satisfactory form of the deposited 
metal. The nature of the electrolyte is often 
of importance : complex ions frequently give 
better deposits than do simple ions, but they 
may contain adsorbed impurities. The difficulty 
of obtaining, a satisfactory deposit is sometimes 
obviated by the use of a mercury cathode in 
which tho metal dissolves [v. infra). 

Apparatus. — Electrodes . — The most popular 
electrodo material, for both anode and cathode, 
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is platinum, or better platinum-iridium, as it is 
stronger. Classen recommended a basin, 9 cm. 
diam., as cathode with a flat spiral anode, but 
this is little used at present ; it is costly and the 
electrolyte cannot he easily stirred without loss. 
For stationary electrolysis a platinum-gauze 
cylinder as cathode and a spiral of wire insido 
it to act as anode are satisfactory ; so also iB 
the combination of “ flag ” cathode of gauze, • 
devised by F. Mollwo Perkin, and the “fork ” 
anode of bent wire which is placed symmetrically 
about it. When the electrolyte is to be agitated 
the best arrangement probably consists of two 
concentric gauze cylinders (Sand, 1907 ; see also 
Analyst, 1929, 54-, 275) ; these electrodes are 
obtainable commercially. The inner generally 
acts as anode : it is attached through a steel 
chuck and rubber tubing to a pulley shaft so 



that it can be rotated. Electrical connection 
is made through mercury contained in tho rubber 
tube. The cathode is separated from the anode 
by a glass tube surrounding the stem of the 
latter, and tho electrical circuit is completed 
through the clamp holding the stem of the 
cathode. The whole arrangement is shown in 
Fig. 4 ; a speed of rotation of about 500 tovb. 
per min. gives very efficient circulation. Fischer 
(1907) has used two fixed concentric gauze 
cylinders, separated by glass strips, and has 
stirred the solution by a separate paddle of 
special design ; F. M. Perkin, on the other 
hand, employed a cylindrical gauze cathode 
which could be rotated, and surrounded it by 
an anode of two circles of platinum wire fixed 
one above the other by four small vertical 
strips, so as to form a cylindrical framework. 

The use of a mercury cathode was proposed 
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by Wolcott Gibbs (188Q), but the first successful 
application was made by E. F. Smith (1903), 
and was subsequently employed by him and his 
collaborators. A small quantity of pure mercury 
at the bottom of a beaker, into which is sealed 
a platinum wire to make electrical contact, acts 
as the electrode, and the electrolyte is agitated 
either by a separate stirrer or by means of a 
rotating, horizontal perforated disc. The mer- 
cury cathode has many advantages ; difficulties 
in the form of the deposited metal do not arise, 
and hydrogen may be evolved freely without 
detriment ; high C.D. may consequently be 
employed and mechanical stirring may be 
replaced by the agitation produced by gas 
bubbles. There is, however, some danger of 
mercury being carried away by the gas ; this 
can be obviated by attaching a bent tube to the 
electrolysis cell to act as an air condenser. Base 
metals, e g. zinc, are readily deposited in mercury 
even from acid solutions, because of the high 
overvoltage and of the reduced deposition 
potential associated with amalgam formation. 
The chief disadvantages of the mercury cathode 
are its weight, compared with the weight of 
deposit, the difficulty of dr) mg without loss, 
and the serious error resulting from the escape 
of even a minuto globule. If the electrolyte 
contains alkali metal ions these may be deposited 
in the cathode to form amalgams, but they 
readily decompose if the solution is acid, and no 
appreciable error then results. The mercury 
cathode should not be used for ammoniacal 
solutions containing ammonium salts, because 
of the effect of amalgam formation ; even nitric 
ncid and nitrates, which reduce to ammonium 
salts, sometimes cause errors. Although the use 
of mercury did not attract much notice, except 
from E. F. Smith and hia associates, some atten- 
tion has been paid to it more recently, and 
electrodes involving small quantities (10 g ) of 
mercury have been devised (Moldenhaucr, Z. 
angew. Chcm. 1929, 42, 331 ; Tutundfid, Z. 
anorg. Chem. 1931, 202, 297) Reference will 
be made later to a special form of mercury 
cathode for the estimation of alkali metals (?.v.). 

Many of the advantages of mercury, without 
the disadvantages, are to bo found in the use of 
Wood's metal as cathode (Paweck el al., Z anal. 
Chem. 1927, 72, 225 ; 1929, 79, 115) ; as it melts 
at about 70°, it is liquid m the electrolysis 
of a hot solution. It is actually handled m the 
cold as a solid, it has a much low er density than 
mercury, and is not so volatile. Wood’s metal 
may well find many applications m electro- 
analysis. 

The use of amalgamated brass gauze cathodes, 
proposed by Paweck in 1898, has recently been 
revived (Paweck and Walther, tfiuf. 1924, 64, 
89 ; Bottger et al., ibid. 1933, 93, 401) ; the 
cylinder of brass gauze is first cleaned to free 
tne surface from grease and oxides, and then 
etched in warm dilute sulphuric acid. It is 
coated with mercury by use as cathode in a 
solution of mercurous nitrate containing a little 
nitric acid at a C.D. of about 03 amp. ; it is 
then washed in water and dipped in hot dilute 
hydrochloric acid to obtain a bright mercury 
surface. Some workers deposit as much as 
10 g., of mercury, but this is unnecessary ; a 


smaller quantity is sufficient to alloy with the 
deposited metal without risk of los9 being 
incurred. Precautions must be taken when 
drying the amalgamated cathodo to avoid 
heating and thus vaporising the mercury. 

Tantalum has been suggested as a cathode 
material instead of platinum, and cathodes of 
copper and silver gauze hav e been used for the 
deposition of the respective metals, as well as 
in solutions which do not attack them. Reference 
will be made later to special cases under the 
headings of the v arious metals. 

Electrode Vessels . — The simplest form of vessel 
consists of a beaker which should be as small as 
convenient ; the larger the bulk of solution the 
more difficult it is to deposit the last traces of a 
metal. Vessels with taps, similar to separating 
funnels with the tops cut off, have been em- 
ployed, so that the electrolyte can be run off 
immediately electrolysis is completed; they 
suffer from the disadi antages that the liquid 
just above the tap does not readily mix with the 
bulk, and also that they cannot easily be heated. 
Special beakers with siphon-tubes sealed in 
near the bottom have been employed by some 
workers, but a loose siphon is probably often 
quite satisfactory. 

Experimental Procedure. — In the follow- 
ing description it will be assumed that the 
method of graded, or controlled, potentials is 
used, but this is not always necessary and the 
resulting simplifications are then obvious. The 
importance of adjusting the applied E.&l.F. in 
the electrolytic separation of metals was first 
realised by Kiliant (1883), and in 1893 Freuden- 
berg separated metals from one another by 
controlling the E.M.F. of the battery, thus 
assuming the anode potential to remain constant. 
A great lmprov rment was made by hand (J.C.S. 
1907, 91, 373) who introduced an auxiliary 
standard electrode so that the potential of the 
cathode could be acruritely controlled. 

The particular anode and cathode (cleaned 
from grease) to be used ore set up in hh appro 
pnate vessel, together with arrangements for 
stirring and heating, if required (Fig, 4) ; the 
electrodes are then connected to the source of 
current, through an ammeter, and an adjustable 
resistance, capable of carrying 10-15 amp. 
The tip of the siphon-tube of tho reference 
electrode’ which is to be used for measurement 
of the cathodo potential, is inserted in the 
solution to be electrolysed close to the surface 
of the cathode. The latter and the reference 
electrode are then connected to an instrument 
for measuring E.M.F., generally a potentio- 
meter-voltmeter arrangement, as in Fig. 8, 
p. 708 (see also Sand, Analyst, 1934, 59, 328). 
The nature of the reference electrode is usually 
not of great importance, as long as it maintains 
a constant potential ; the special vessels at 
one time in general use, and still frequently 
illustrated in text-books and catalogues, are no 
longer considered necessary. A calomel elec- 
trode (see Fig. 7, p. 703) may be used, or alter- 
nate ely one containing mercury, mercurous 
sulphate and sulphuric acid or a sulphate j 
quinhydrone electrodes, consisting of an acid 
solution containing a little quinhydrone into 
which dips a clean platinum wire, are also 
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reeom mended. In order to minimise diffusion 
of the electrolysed solution into the reference 
electrode- the tip of the latter is generally made 
of narrow bore tubing bent round several tines 
to form two or three loops. In a rapid elec- 
trolysis the loss by diffusion can be shown to be 
negligible, but if desirable the liquid in the tip 
of the standard electrode may he permitted 
finally to siphon over into the electrolysed 
solution. 

The electrolysing current is switched on and 
increased to the value to be employed, generally 
1-10 amp., depending on whether ordinary or 
rapid methods arc being used ; the cathode 
potential is then measured. Durinu electrolysis 
the potential tends to rise (necatively), and the 
current is decreased from time to time to keep 
it ronstant. When the current has fallen to a 
low value, ejj. 0-2 amp. or less, the applied 
E.J1S. is increased so that the cathode potential 
may become 0-2 volt more negative than the 
initial value. In this way the concentration of 
the metal can be reduced to less than 0-1% of 
its original value, provided the solution is well 
agitated ; no other met?! is deposited, provided 
its potential is more than 0-2 volt more negative 
than that of the first. The time allowed for the 
electrolysis is generally half as long again as it 
takes the potential to attain its final value, but 
it is always advisable to test the electrolyte 
chemically for the ions being deposited before 
stopping the electrolysis. If the metal can be 
distinguished from the platinum electrode in 
appearance the dc-pk-tion of the electrolyte may 
be tested for by* adding water, so that a clean 
portion of the electrode is covered by the solu- 
tion ; if deposition is complete it will remain 
unaffected. 

The procedure adopted to stop the electrolysis 
depends - on -the type- of vessel used and on 
whether the remaining solution is required for 
further investigation. In the latter case the 
liquid may be run off by a siphon or the beaker 
may be removed, and the electrode rinsed with 
the minimum of water which is added to the 
hulk of solution. If this is not required water 
may he added continuously, the- excess being 
siphoned off, or allowed to overflow, until the 
current drops to zero. Owing to the possibility 
of re-solution of the deposit on the cathode the 
current should not be switched off before the 
electrolyte has been removed completely. The 
electrode is finally washed well with water, then 
with acetone, dried in a steam-oven and weighed. 
Alcohol and ether, at one time widely used for 
drying purposes, are not recommended, since 
the peroxide, often present in other, is liable to 
oxidise the metal. A mercury cathode can be 
treated in an analogous manner, but it should 
not be warmed ; the acetone may be removed 
by a current of dry air. 

If a second metal is to be deposited from the 
solution the process is repeated with a fresh, or 
cleaned, cathode. When the deposition potential 
of the second metal differs by 'a large amount . 
from that of the first, or if one metal only is 1 
present in the electrolyte, the careful control i 
m potential described above is not necessary. { 
In many instances, however, the evolution of ■ 
hy drogen can occur, and this may bo prevented • 


: by controlling the cathode potential When 
{ many separations of the same kind are carried 
| out, or where the potentials of the two metals 
| are reasonably far apart, a “ safe " E-Af-F-, 
i determined by experiment or calculation, may 
' be tapped off and the electrolysis left to itself. 

Micro-Methods. — The electroanalytical pro- 
i cedure is readily adapted to the estimation of 
' small quantities of metals : for further details, 
see Preg], ‘* Quantitative Organic Micro- 
Analvsis ” ; Lindsev and Sand, Analvst, 1 935, 60, 
739. ' 

inner Electrolysis. — The principle of* 

4 ‘ inner electrolysis,” which requires no external 
current, has been revived in recent years by* 
Sand ana his collaborators {ibid. 1930, 55, 309, 
313, 495, 6S0). A platinum gauze cylinder acts 
as cathode, and the two anodes, made of an 
electropositive metaL ear. zinc or lead, are placed 
symmetrically on either side of the cathode and 
enclosed in parchment bags ; agitation of the 
[ electrolyte is achieved by means of an indepen- 
j dent stirrer. The solution to be electrolysed 
I is used as csthohte and a salt of the anode metal 
! acts as anolyte. When anode and cathode are 
connected externally a small current Sows and 
deposition occurs on the cathode. The method 
of inner electrolysis has been used to determine 
small quantities of bismuth in lead (using lead 
anodes;, and small amounts of cadmium and 
copper in zinc ores, etc. (with zinc anodes}. 

Applications. — Electroanalysishas been used 
for the quantitative estimation of a number of 
metals, to be considered briefly. In addition to 
cases involving direct cathodic deposition men- 
tion will also be made of indirect methods, e.g. 
for alkali metals and for certain anions, of the 
deposition of oxides on the anode, e.g. lead, 
manganese and thallium, and of instances 
involving electrolytic processes, e-g- reduction 
of arsenic to arsine, and of nitrate to ammonia, 
without actual deposition. 

Alkali M elate. — Hildebrand's method (1907) 
involves a principle similar to that of the 
Castner-Kellner cell for manufacture of sodium 
hydroxide. An open-ended shallow cylinder, 
rests on a glass-rod triangle, in a wider fiat- 
bottom crystallising dish, and enough mercury 
is poured in so as to be about 3 mm. above the 
bottom of the inner cylinder ; thus two separate 
compartments result. A platinum wire dipping 
in the outer mercury is connected to the negative 
pole of a battery, and the anode, placed in the 
inner compartment, consists of two discs of 
platinum-gauze fixed one above the other, 
capable of being rotated. The anode is pre- 
viously coated with 3-4 g. of silver by elec- 
trolysis of an argentocyanide solution. The 
solution to be analysed, which should be in the 
form of the chloride, or as the salt of any other 
arid giving an insoluble silver salt, is placed in 
the anode compartment, whereas the outer 
annular space contains a dilute solution of 
sodium chloride. On electrolysis (about 0-5 
amp.) alkali metal amalgam is formed and 
decomposes in the outer compartment to yield 
free alkali hydroxide ; the decomposition is 
hastened by the use of a ring of nickel wire 
having three legs dipping in the outer mercury. 
When electrolysis is complete the entire con- 
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tents of the cells, inner and outer, are rinsed 
into a beaker and the alkali titrated with stan- 
dard acid. 

Alkali metaL can he separated from mag- 
nesium by this method. The alkali hydroxides 
are formed in the outer space, but the mag- 
nesium hydroxide is precipitated m the inner 
compartment. Calcium, in the presence of 
magnesium, is precipitated in a similar manner, 
although when alone it can be estimated as an 
alkali metal ; barium and strontium also behave 
like alkali metals, and can be separated from 
calcium, if magnesium is added. 

Antons . — The Hildebrand cell can be used for 
the estimation of any anion yielding an in 
soluble silver compound ; the latter is deposited 
on the silvered-gauze anode, which can be 
washed and weighed. Sulphates may also be 
analysed by titrating with alkali the liquid in 
the inner compartment, which contains an 
equivalent amount of sulphuric acid ; a 
platinum anode should bo used. 

Nitrates can be reduced to ammonia by 
electrolysis with a copper cathode in a solution 
containing a little sulphuric acid and some 
copper sulphate. The ammonia is distilled off 
and estimated in the usual manner. 

Antimony . — This metal can be deposited from 
fairly concentrated sulphuric or hydrochloric 
acid solutions at temperatures of 100° or 50°- 
76°, respectively. Tho electrolyte should con- 
tain 1-2 g. of hydroxy lamine or hydrazine salt, 

r 100 c.c., and the cathode potential should 
controlled. It is advisable to coat the 
platinum cathode with copper before electrolysis 
to avoid its being spoilt by the antimony. 

The deposition of antimony from thioanti- 
monate solutions is not recommended, because 
of co-deposition of sulphur ; this can be partly 
avoided by means of potassium cyanide. The 
antimony solution is made alkaline and a 
saturated solution of sodium sulphide added, 
and then 2-3 g. potassium cyanide per 100 ml. 
Electrolysis is carried out below 65° with a 
current of 1-2 amps. Antimony may also be 
obtained quantitatively from neutral tartrate 
solutions, a temperature of 70°-80°, and a 
C.D. of 0 25-0-55 being employed. 

Arsenic . — The quantitative deposition of 
arsenic is not possible, but small amounts may be 
estimated by electrolytic forma of the Marsh 
test. The arsenic is reduced to arsine at a lead 
or, better, mercury cathode in a special cell in 
which anode and cathode compartments are 
separated. Catlan and Jones (Analyst, 1930, 
55, 00) employ a mercury cathode 1-5 sq. in. 
in area and about 4 A’-sulphuric acid as elec- 
trolyte ; a current of 2 amps, is passed for 
15 minutes followed by 4 amps, for 15 minutes. 
The gases evolved from the cathode are decom- 
posed in the usual manner to give an arsenic 
mirror, which is compared with standard 
mirrors. 

The Gutzeit method for estimating arsenic 
has also been adapted for electrolytic reduc- 
tions (see Fink, J, Biol. Cltem. 1927, 72, 737; 
1923, 76, 10). 

Bismuth . — -If a platinum cathode is employed 
bismuth should be deposited from tartaric, 
acetic or hydrochloric acid solutions ; the 


potential must be controlled or poor deposits 
will result. In the tartaric acid method sodium 
tartrate is added to decompose any mineral 
acid present in solution, and a rapidly rota 
ting cathode is used. Alternatively, sodium 
hydroxide may be added until a precipitate just 
forms ; it is dissolved in acetic acid and 2 g. 
bone acid added to 80 ml. electrolyte. A 
temperature of 70 o -S0° is employed, at 0 6-0 7 
amp , and the solution is stirred vigorously. 
In hydrochlonc acid solutions the experimental 
method is the same as for antimony in this 
medium. When a mercury or amalgamated 
brass cathode is being used then bismuth may 
be deposited from nitrate solution containing a 
little free acid. 

In the presence of copper, 10 g. of sodium 
tartrate, 6 ml of 30% sodium hydroxide and 
enough 10% potassium cyanide solution to 
decolorise must be added ; bismuth can then 
be deposited free from copper, the controlled 
potential method being adopted. 

Cadmium . — A variety of methods have been 
proposed for the electrodeposition of cadmium ; 
the simplest involves the complex cyanide. 
The solution is made slightly alkaline and then 
potassium cyanide added until the precipitate 
first formed redissolves ; an excess equal to 
about half that previously added is then run in. 
Electrolysis with an initial current of 5-8 amp., 
using a rotating electrode, may be earned out 
at 50°. With cyanide solutions there is some 
danger that the platinum anode will dissolve , 
this electrode should consequently be small. 
If copper is present it does not interfere with 
the deposition of cadmium from the complex 
cyanide solution, provided the potential does 
not nse. 

Cadmium has also been deposited quantita 
tively from acetic acid and sodium acetate, 
ammoniacal and complex oxalate solutions. 
Very acid solutions are generally avoided because 
of the simultaneous evolution of hydrogen, 
although slightly acid (sulphuric) solutions have 
been employed, especially with the amalgamated 
brass cathode which has a high overvoltage. 

Cobalt . — Ammoniacal solutions are generally 
used for cobalt deposition, but a substance must 
always be present to reduce the peroxide formed 
on tho anode. One method is to add excess of 
ammonia, 5 g. ammonium chloride, and 0 3 g. 
sodium bisulphite to 100 ml. solution ; this is 
electrolysed at a C.D. of 4-7 amps, with vigorous 
stirring. Another procedure employs phosphate 
solutions : about 2 ml. of 5% phosphoric acid, 
and then 20-25 ml. of 10% athydrogen sodium 
phosphate are added to 70-80 c.c. of tho cobalt 
solution. Electrolysis begins in the cold at 
0 2-0 3 amp./dm’., and then the electro!} te 
is warmed to 50° or 60° and the C.D. increased 
to 1*2 amps. A small amount of hydroxylammo 
salt can be added to remove any peroxide on 
the anode. 

The mercury cathode has been employed for 
the deposition of cobalt from mineral acid 
solutions. . 

Copper .— In tho absence of noble metals 
copper may be deposited easily from sulphate 
solutions, containing a little sulphuric aciu 
(about 0 5 N), at 70°-80° with stirring. Base 
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metals, e.g. cadmium, zinc, nickel and cobalt, 
may be prevented from separating by the use 
of controlled potentials. Nitric acid solutions 
give good deposits, preferably at a temperature 
of 18°-30° ; about 0-1 g. of urea should be 
added towards the end of the electrolysis to 
decompose nitrous acid which interferes with 
copper deposition. 

For separation from arsenate or antimonate 
(after the addition of tartrate), ammoniacal 
solutions are employed ; excess of ammonia 
and ammonium sulphate are added to the 
solution and electrolysis carried out at 70°. 
If iron is present it should be oxidised to the 
ferric state; the ferric hydroxide does not 
interfere with the deposition of copper. Am- 
moniacal solutions are recommended if the 
copper solution contains chlorides. 

Complex cyanides have been employed for 
copper deposition (see Cadmium), but the 
method is not generally recommended, although 
it is sometimes useful for separation from other 
metals. 

Chromium . — It is well known that this metal 
is difficult to deposit, but small amounts have 
been estimated, from a chromium salt in dilute 
sulphuric acid, by means of a mercury cathode. 

Chromic salts may be estimated by anodic 
oxidation to chromate, at platinum, in am- 
monium oxalate solution ; the chromate may 
then be determined either volumetrically or 
gravimetrically. The method is applicable to 
solutions containing iron : the latter is deposited 
on the cathode. 

Gold— Quantitative deposition has been 
obtained from complex cyanide, sodium sul- 
phide, and ammonium thiocyanate solutions ; 
for rapid electrolysis the first of these, at a 
temperature of 50°-60° is preferred. The em- 
ployment of a mercury cathode permits deposi- 
tion to be made from auric chloride solutions ; 
attack of the mercury by chlorine liberated at 
the anode is prevented by adding 10-12 c.c. of 
toluene to react with the chlorine. Gold is best 
removed from a platinum cathode by dilute 
potassium cyanide solution containing a small 
amount of hydrogen peroxide. 

Iron . — With a mercury cathode iron can be 
obtained satisfactorily from its simple-salt 
solutions, but otherwise the evolution of hydro- 
gen is troublesome. Oxalate and tartrate 
electrolytes are generally employed with a 
platinum cathode : about 7 g. of ammonium 
oxalate is added to 100 ml. of solution and 
electrolysis performed at 50°-60°. Towards the 
end of the process some oxalic acid should be 
added to dissolve ferric hydroxide which may 
have formed by the solution becoming alkaline. 
Electrolysis must not be prolonged otherwise 
carbon may deposit with the iron. 

The electrolytic method has been recom- 
mended as giving a clean method for reducing 
ferric iron to the ferrous state prior to titration 
by permanganate or dichromate. 

Lead . — The cathodic deposits of lead are 
generally unsatisfactory, this metal is therefore 
almost invariably estimated by deposition as 
lead dioxide on the anode ; if 6-10% of nitric 
acid is present no metallic lead separates on the 
cathode. The addition of 1 or 2% of copper 


nitrate to the solution is generally advised, as this 
removes all danger of the deposition of metallic 
lead. Electrolysis is begun at a low C.D. 
and increased to 2 amps, at ordinary tempera- 
tures, or up to 10 amps, with a hot solution and 
a rotating cathode. When deposition is com- 
plete the anode is washed and heated in an air- 
bath at 220° for an hour. Owing to the remark- 
able tendency for lead dioxide to retain water 
the final composition does not correspond 
exactly to Pb0 2 , and the factor for conversion 
into the amount of lead instead of being 0-8662 
may be as low as 0-857. The smaller the weight 
of deposit the closer is the factor to the theoretical 
value, and an empirical value is generally used 
according to the amount of lead present. Some 
workers have heated the dioxide on the anode to 
convert it completely to monoxide which is then 
weighed, but this procedure is not recommended. 
A better method is to dissolve the dioxide, 
without drying, in standard oxalic acid and 
titrate the excess with permanganate. The 
anodic deposition of lead permits its separation 
from many metals ; chlorides, and compounds 
of selenium, mercury, phosphorus, and arsenic 
should, however, not be present. 

Lead has been estimated by cathodic deposi- 
tion from hydrochloric acid solutions, or better 
from solution in excess of sodium hydroxide on 
an amalgamated brass cathode. 

Manganese . — Like lead, manganese is best 
deposited as dioxide on the anode ; the man- 
ganese salt, together with 8-10 g. of ammonium 
acetate, and 1-2 g. of chrome alum to help the 
deposit adhere to the anode, is dissolved in 
100 ml. of water and electrolysed at about 80°. 
If the solution is stirred 10 ml. of alcohol may 
be added to prevent frothing. When deposition 
is complete the anode is washed and heated 
strongly to Mn 3 0 4 which is weighed. 

Mercury . — Many methods have been devised 
for the estimation of mercury, there being no 
special difficulty in its deposition ; the platinum 
should, however, always be plated with silver 
before use with mercury. Solutions containing 
a little sulphuric or nitric acid may be used at 
temperatures up to 60°. If mercurous salts are 
precipitated some persulphate should be added 
to oxidise them before the electrolysis is com- 
pleted. Deposition may also take place from 
cyanide solutions in the cold, from electrolytes 
containing an excess of ammonia, or from 
alkaline solutions containing sodium sulphide. 
There is, of course, no objection to the use of a 
mercury cathode, but deposition should then 
be made preferably from acid solutions. 

Molybdenum . — From electrolytes containing 
dilute sulphuric acid, molybdenum is deposited 
as hydrated sesquioxide on the anode ; after 
washing the oxide is dissolved in dilute nitric 
acid, evaporated to dryness and heated to expel 
the acid. The residue of H 2 MoO, is weighed. 

Nickel . — This metal is generally deposited 
from a solution containing 4-5 g. ammonium 
sulphate 'and 36-35 ml. strong ammonia at 
50°-60°. To prevent the deposition of zinc, if 
present, the electrolysis should be carried out 
at about 90°. If nitrate is present there is a 
danger of the platinum anode being attacked 
by ammonium nitrite formed during electrolysis: 
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an iron wire, made pa*si\ e by dipping in nitric 
acid, is then generally u«ed as anode. The 
nickel deposit on the cathode is likely to be 
difficult to remote ; sulphuric acid solution 
containing hydrogen peroxide is very useful for 
this purpose. 

•The complex oxalate method (see Iron) has 
been used for nickel deposition, but as the metal 
obtained includes carbon it is not altogether 
satisfactory. If it is required to separate nickel 
from chromium, aluminium or manganese the 
oxalate method is used to give a preliminary 
separation , the deposit is then dissolved m 
acid and pure nickel deposited from ammoniacal 
solution. Copper, if present, separates with the 
nickel from the oxalate bath, but is readily 
removed subsequently . 

Palladium. — Palladium ammonium chloride, 
with 30% sulphuric acid, or in ammoniacal 
solution have been emplo\ed. 

Platinum. — To obtain the metal in a bright 
adherent form very low C D.'e should be em 
ployed, eg. 0 01-0 03 amp. at 50°-60° , the 
electrolyte is chloroplatinic acid containing a 
small amount of sulphuric acid. 

Rhodium — This metal has been deposited for 
analytical purposes from phosphoric acid eolu 
tions and from rhodichloride in dilute sulphuric 
acid 

Silver — Although the most coherent deposits 
of silver are obtained from cyanide solutions 
these are not recommended for quantitative 
work unless it is desirable to prevent the 
deposition of other metals The most accurate 
procedure is to employ 80-100 ml of electroly te 
to which has been added 1-3 ml nitric acid 
(sp gr. 1 4) — excess should be removed by evapo 
ration with sulphuric acid — and 3 ml of alcohol 
(to prevent formation of peroxide on the anode) , 
electrolysis is carried out a» 80°-90°, the applied 
voltage not exceeding 1 4 volts. This method 
permits separation of silver from copper, lead, 
arsenic (3- or 5-vaJent), antimony (with tartaric 
acid), zinc, nickel, cobalt, and other metals. Uy 
the use of high temperature and rapid agitation 
the silver is deposited in a coherent form 

For the separation of silver from arsenic anti 
antimony an ammoniacal solution js sometimes 
employed ; 3-5 g of ammonium nitrate and 
10-15 ml. of concentrated ammonia are added 
to 100 ml of solution, the electrolysis being 
performed at room temperature. The voltage 
must not n=e above 14, otherwise spongy 
deposits may be obtained. 

Thallium. — The separation of the metal can 
best be made with a mercury cathode, but it is 
advisable to add a known amount of zinc sul 
phatc to the solution before electrolysis , the 
zinc is deposited with the thallium, and in some 
way prevents loss of the latter. Alternatively 
thallium may be estimated by deposition as 
TljOj on the anode : 100 ml. of solution con- 
tains 3-6 ml. .V sulphuric acid and 5-10 ml of 
acetone, and electrolysis is earned out at low 
C.D. (0 02-0 03 amp ) at 50°-55° The deposit 
is dned at *60°-lG5° and weighed, home 
thallium deposits on the cathode during elec 
trolysix, but this dissolves towards the end 
The E.M.F. should be adjusted 60 as to prevent 
oxygen evolution. 


Tin. — The deposition of tin is satisfactory 
from complex oxahte solutions. 100 ml of the 
latter containing 3 6 g. .ammonium oxalate anil 
3 g. of oxalic arid. A little sulphuric acid is 
added towards the end of the elect rol\ sis to 
neutralise am ammonium carbonate formed at 
the anode whuh might cause the precipitation 
of stannic oxide The temperature mav he 
raised to 65” during electrolysis. Some authors 
recommend the addition of a In droxy lauune salt 
(2-4 g ) to the elect rnh t e . For separation of 
tin from antimony a thio«tannate electrolyte 
may be employed . it is made In adding yellow 
ammonium sulphide to the metal solution 
until the precipitate dissolves. The deposit 
is, however, liable to contain some sulphur 
Hydrochloric acid solutions have been used to 
deposit tin. some hydroxy laminc hydrochloride 
being present to react with the chlorine ; the 
temperature is raised from 30'' to 70° during 
electrolysis and vigorous stirring is employed. 

It is generally recommended that the platinum 
cathode be first covered with copper, and then 
with tin from an oxalate bath if a thio-dannate 
solution is to be electroly xed, became of the 
difficulty of stripping tin from platinum It 1ms 
been stated, however, that the tin deposit can he 
easily removed by using the platinum cathode 
covered with tin as an anode in a dilute sulphuric 
acid solution 

Uranium — The cathode deposit consists of a 
hydrated oxide this is generally obtained 
from an electrolyte containing sodium acctile. 
ami after washing is converted into U 5 O s by 
heating strongh 

Zinc — This metal is difficult to deposit in a 
quant it a tiv e manner because of the simultaneous 
evolution of hydrogen, and alkabne solutions 
are often used In the z in cate method enough 
sodium hydroxide is added to produce a clear 
solution which is electrolysed whilst hot, 
although it is recoramcndtd that it should be 
cooled before the cathode is removed Nitrates 
and ammonium salts if present introduce errors. 
Good deposits can also be obtained from a 
neutralised solution to w hu.h 4 g sodium acetate 
and 10 drops of acetic acid are added per 100 ml. 
Uy employing a mercury ralhotle, nhtn the 
liberation of hydrogen is not serious, electroly sis 
of zinc sulphate, even m the presence of free 
sulphuric acid, is said to be satisfactory. 

If a plat mu m cathode is to be used it should first 
be coated with silver or copper ; altirn.Uiv Uy 
cathodes of nickel gauze or of amalgamated 
brass gauze w ill lie found quite satisfactory 
Bibliography. — Fischer, “ Elektroanaly tische 
Schnellmethoden l , ’19(J8 ; Classen, “ Quantitative 
Analyse dureh Elektrolyse ” ; or, English Trans- 
lation : Classen and Hall, “Quantitative 
Analysis by Electrolysis,” 1013 ; E. 1‘. bmith, 

“ Electroamly sis ” 191S ; Laxsieur, “ Electroan- 
alyse Kapide, ’ 102S ; Uottger (Editor). 

“ l*hy sikahwho Methoden der analitischen 
Chcmie,” Leipzig, 10J6 

PoTEXTIOJIETRIC TiTRATIOX. 

The fundamental principle of the potentio- 
raetric method i^ that m the vicinity of the end- 
point of a titration the concentration of the ions 
being titrated is changing very rapidly: the 
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potential of a suitable electrode varies regularly 
with the ionic concentration (w. supra), so that 
near the end-point the electrode potential will 
change rapidly as the titrant is added. In 
general the slope of the curve showing the 
variation of potential during the titration is 
greatest at the end-point, or expressed mathe- 


matically the end-point occurs when the 
amount of titrant added is such that Atr/Av is 
greatest ; An is the change of potential resulting 
from the further addition of the small quantity 
Ai>, e.g. Q-0o ml., of titrant, after v ml. have 
been already added (see Figs. 5 and 6). By 
plotting the potential, or better Aw/ Aw, of an 




appropriate *’ indicator ” electrode, against the 
volume of titrant, the equivalence-point of a 
titration can he determined. The potentio- 
motrie method can be used with coloured and 
dilute solutions, when ordinary indicators arc 
of little value, and also for many processes for 
which indicators are not available. The main 
disadvantages are the special apparatus required, 
and the time taken for a titration : since the 
potontiomctric method would normally only be 
employed when ordinary indicator methods are 
not possible these disadvantages are not 
significant. 

Measurement of Potential. — The potential 
of an electrode is measured by combining it 
with another (reference) electrode of constant 
potential, so that the two constitute a voltaic 
cell, the E.M.F. of which can be measured. 
The reference electrode most commonly used is 
the " calomel electrode,’’ consisting of mercury, 
mercurous chloride, and a solution of potassium 
chloride ; this is either OTA, N or saturated, 
the last being recommended for titration work. 
Special vessels are often used, and are available 
commercially, for making up calomel electrodes, 
but for most purposes a wide-mouthed (2 oz.) 
bottle will serve (Fig. 7). The ends of the 
siphon-tube shown are plugged with tight rolls 
of filter-paper to minimise diffusion, and the tube 
should be easily removable, so that the potassium 
chloride solution it contains may be replaced 
from time to time. If in the solution being 
titrated a substance is present which is liable to 
react with potassium chloride, e.g. silver ions, 
it is advisable to use an intermediate vessel 
between the reference electrode and the titration 
system ; connection is then made by means of a 
second siphon-tube containing potnssium nitrate 
or sulphate, or ammonium nitrate solution. 
Other reference electrodes, c.g. mercury- 


mercurous sulphate-sulphuric acid, or n quin- 
hydrone electrode with potassium chloride and 
a buffer solution, may be employed if more 
convenient, but nothing must be introduced 
which is likely to affect the titration. The 
E.M.F. of the cell consisting. of reference and 
indicator electrodes is measured by applying 
some form of the Poggendorff principle ; com- 
mercial potentiometers are based on this prin- 



ciple, but these, although convenient, are not 
essential for titration purposes, and the arrange- 
ment depicted in Fig. 8 may be adopted. A 
2-volt accumulator A is conneeled across a 
“ metre-bridge,” or better a bridge-wire of the 
spiral type wound on a cylinder (BC) ; the 
combination of reference electrode (It) and 
indicator electrode (1), inserted in the solution 
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to be titrated, is connected between B and the 
moving contact E. A pointer galvanometer 
with a sensitivity of 1-2 divisions per micro- 
amp. is inserted at G and a snitable switch at S. 
The contact E is moved until no flow of current 
is observed on G when S is closed. The resist- 
ance (or length) of the wire BE is directly pro- 
portional to the E.MS. of the measured cell. 
By means of a standard cell of known E.MS. 
it is possible to calibrate the potentiometer wire 
BC so as to read off the actual voltage of any 
other cell, but this is unnecessary for titration 
purposes. Changes of electrode potential are 
required to indicate the end-point, and conse- 
quently any quantity proportional to the 
E.M.F., e.g. length of the wire BE, will serve the 
purpose ; for the same reason it is not necessary 
to know the potential of the reference electrode, 
since it remains constant. 

In the potentiometer-voltmeter modification 
(Sand, 1907) the uniform wire BC can be con- 
veniently replaced by two variable resistances. 



Fia. 8. 


Buch as are used in radio-apparatus, one fine and 
the other coarse, joined in senes. The terminal 
B is connected to the moving contact of one 
resistance and E to the other, and their positions 
adjusted untd no current flows through G on 
closing the switch. The E.M.F. of the cell is 
then indicated directly on the milhvoltmeter V 
inserted in the position shown in Fig. 8 ; a 
milhammeter or a galvanometer, with a senes 
resistance, may be used as a voltmeter. 

Process of Titration. — Special vessels have 
been devised for carrying out potentiometric 
titrations conveniently, but these are not 
essential. The solution to be titrated is placed 
in a suitable vessel, the appropnate indicator 
electrode (v. tnfra ) inserted and the reference 
electrode connected. The E.M.F. of the cell 
so formed is measured, and known volumes of 
titrant added ; after each addition the solution 
is stirred well, if possible by a mechanical stirrer 
or by a stream of suitable gas, and the E.MS. 
is measured again. Near the equivalence-point. 


analysis. 

the approximate position of which may be 
determined by a preliminary rough titration, 
the titrant should be added 0 05-0-10 ml. at a 
time, and a minute or two allowed for equili- 
brium to be attained before the potential is 
measured. The end-point can then be obtained 
graphically, a3 already indicated (Figs. 6 and 6). 

Special Methods.— Simple Reference Elec- 
trodes . — A capillary tube containing a platinum 
wire is placed in the solution to be titrated to 
act as reference electrode ; a little of the solu- 
tion is drawn into the capillary, and as it mixes 
only slowly with the bulk it can be regarded as 
remaining unchanged throughout a titration. 
The potential acquired by the platinum is thus 
approximately constant. For approximate work 
the end pomt may be detected by means of a 
galvanometer and series resistance connected 
across the two electrodes, no potentiometer 
being necessary ; the galvanometer 6hows little 
deflection until the end-point is approached 
when a definite swing is observed. An analogous 
device is to seal a platinum wire into the outlet 
tube of the burette containing the titrant ; this 
acts as a constant reference electrode. The tip 
of the burette must dip into the titrated solution 
to make contact, and back diffusion is eliminated 
by bending the outlet tube twico at right angles. 
This arrangement requires the use of a potentio- 
meter. It is frequently possible to find a pair 
of electrodes one of which responds to change of a 
particular ion, whereas the other does not ; the 
latter can then function as a constant reference 
electrode, and the E.M J\ of the cell made up 
of the so-called “ bimetallic system ” dipping 
in the titrated solution is small until the end- 
point is reached, when it increases rapidly. A 
galvanometer is again sufficient to indicate the 
end of the titration. Examples of bimetallic 
systems are antimony, as the indicator electrode, 
together with natural graphite, carborundum, 
cadmium, nickel or cobalt as reference electrode 
for neutralisation titrations ; platinum and 
tungsten are a suitable pair for oxidation- 
reduction processes. 

TVben many titrations of the same kind are to 
be performed the solution to be titrated may 
be connected, by means of a siphon tube filled 
with neutral electrolyte and having its ends 
plugged with filter paper,, to another vessel 
containing a suitable comparison electrode and 
electro!} te, the potential being equal to the 
value which the titrated solution should have 
at the required end pomt. The comparison 
electrode may consist of an actual solution 
previously titrated, or made up to be equivalent 
to it» or it may he a system of quite different 
nature giving the same potential. The indicator 
and comparison electrodes are connected through 
a tapping key to a galvanometer, and the titra- 
tion performed. Before the end-point the current 
flows in one direction, but it is reversed when 
the end-point is passed ; at the actual end-point 
the E.MJP. of the system is zero and no current 
flows- 

Differential Titration.— The principle, 
first introduced by Cox in 1925, has been widely 
developed. If to two identical solutions are 
added v ml. and r+0 1 ml. of titrant severally, 
the difference of potential between two similar 
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electrodes in the two solutions is a direct measure 
of Att/Av, where Ar is 0-1 ml,, at the point corre- 
sponding to the addition of e+0-05 ml. of titrant. 
The difference of potential will thus he a maxi- 
mum at the end-point of the titration. In the 
original method the solution to be titrated was 
divided into two equal parts and titrant added 
from two separate burettes, but subsequently 
devices have been employed for preventing 
temporarily small quantities of the titrated 
solution, surrounding one of the electrodes, 
from mixing with the bulk before each addition 
of titrant. Eor most purposes the end-point 
can be determined without a potentiometer, a 
galvanometer being sufficient to indicate the 
point at which the difference of potential 
between the two identical electrodes is a 
maximum. 

A type of differential titration is also possible 
by the aid of a thermionic-valve voltmeter : the 
titration system, consisting of indicator and 
reference electrodes of the normal type, is 
included in the grid-circuit of the valve, and a 
galvanometer is placed in the anode-circuit. 
As the end-point of the titration is approached 
the grid-bias is adjusted, by the aid of a suitable 
battery, so as to bring tho galvanometer pointer 
back to zero ; the magnitude of the deflection 
resulting from the addition of a definite amount 
of titrant, e.g. 0-05 ml., is then a direct measure 
of Air/ At>, and so is a maximum at the end-point. 

Applications. — The types of titration which 
can be carried out potentiometrically are 
suitably considered under three headings : 
neutralisation (introduced by Bottger, 1897) ; 
precipitation (introduced by Behrend, 1893) ; 
and oxidation-reduction (introduced by Croto- 
gino, 1893). 

Neutralisation Processes. — When an acid 
and a base are titrated against one another the 
hydrogen-ion concentration undergoes change, 
and so it is necessary to have an electrode the 
potential of which responds to changes in this 
ion. Several such electrodes are available, e.g. 
hydrogen gas, oxygen gas (or air), quinhydrone, 

• antimony or glass (see “ Hydrogen Ion Con- 
centrations ”). If accurate results are required 
the hydrogen-gas or quinhydrone electrodes 
should be used, provided the solutions to be 
titrated are such as to permit their employment. 
The glass electrode is also capable of giving 
precise results, but the technique is difficult. 
The quinhydrone system cannot be used in 
solutions more alkaline than p a 8, and so it is 
advisable to add alkali to acid when employing 
this electrode. For approximate work the air 
and ontimony electrodes may be found con- 
venient. 

Tho accuracy with which the end-point can 
be found potentiometrically depends on the 
actual change of potential (Att/Av) at the 
equivalence-point. When a strong acid and 
base are titrated tho maximum value of Att/Av 
is large, even in dilute solution, and good results 
are easily obtained. In the neutralisation of a 
weak acid by a strong base, or strong acid by a 
weak base, tho change of potential is not large, 
and further tho maximum Att/Av does not coin- 
cide exactly with the equivalence point. Pro- 
vided cK is greater than 10“ 8 , however, where c 

Von. n. — is 


is the concentration of the titrated solution 
and K the dissociation constant of the weak 
acid, or weak base, the break in the potential- 
titration curve is appreciable and the divergence 
between the true equivalence point and the 
indicated end-point is well w'ithin the limits of 
experimental error. It is rarely necessary to 
titrate a weak acid by a weak base, but by 
careful potentiometric procedure it is possible 
to estimate the end-point for a O-lA-solution 
within about 1%. 

The separate acids (or bases) in a mixture can 
often be titrated potentiometrically, provided 
there is an appreciable difference in their 
strengths, e.g. acetic and hydrochloric acids. 
If Cj and c 2 are the concentrations of two acids 
(or bases) in a mixture, and K 1 and K z their 
dissociation constants, then provided c 1 K 1 /c 2 K 2 
is greater than about 10 B , two separate breaks 
wifi be observed in the potential-titration curve 
if a strong base (or acid) is used as titrant. The 
first break indicates neutralisation of the 
stronger acid (or base), and the second complete 
neutralisation. The value of K for a strong acid 
or base, for purposes of computation, may be 
taken as unity. The general relationship may 
be extended to successive pairs in a mixture of 
several acids, or bases. 

The salt of a weak acid (or base) may be 
estimated by titration with a strong' acid (or 
base), the conditions for good results being 
similar to those for the titration of the weak 
acid (or base) itself by a strong base (or acid). 

These generalisations should be sufficient to 
indicate the conditions under which end-points 
of titrations involving acids and bases may be 
determined potentiometrically ; it is conse- 
quently unnecessary to enumerate any of the 
very large number of titrations which can bo 
performed. 

Precipitation Processes. — When a solution 
of one ion, e.g. Ag, is titrated with that of 
another, e.g. Cl', with which it forms an 
insoluble salt, the concentration of the former 
ion decreases during the process, the decrease 
being relatively most rapid near the equivalence- 
point. The potential of a silver electrode placed 
in the titrated solution will evidently change in 
an analogous manner. If the solutions titrated 
against one another have the same concentration 
and the precipitate is formed by two ions of the 
same valency, e.g. AgCI, the maximum value 
of Att/Av occurs exactly at the equivalence- 
point. When the two ions have different 
valencies the maximum occurs either before or 
after the true equivalence-point, according as 
the valency of the titrant is greater or less than 
that of the titrated ion. The error is smaller 
tho smaller the solubility of the precipitated 
compound, the smaller the volume of the 
solution and the greater the concentration of the 
titrated ion. In any case, in order for the in- 
flexion in potential near the end-point to be 
appreciable, the same conditions must apply ; 
it follows, therefore, that when the position of 
maximum Att/Av can be determined with 
accuracy the titration error due to the different 
valencies will be negligible. 

The most important type of precipitation- 
titration followed potentiometrically is that 
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involving silver nitrate as reagent in conjunction 
with a silver indicator electrode. This is pre- 
pared from a clean silver wire or by coating 
platinum gauze with silver by the electrolysis 
of an argentocyamde solution ; m the latter 
case the electrode must bo washed free from all 
traces of cyanide. The electrode should be 
cleaned, preferably by scraping and then with 
mine acid, after each titration. The following 
are examples of the chief titrations with the 
silver electrode employing silver nitrate ; the 
latter is generally the titrant. 

Arsenate and Arsenile . — The solutton must be 
kept at about p H 9. i.e. just pink to phenol 
phthalein during the titration, sodium hydroxide 
being added if required. The results are not 
very accurate. 

Chromate . — The titration should be carried 
out in the presence of 45% alcohol . this 
decreases the solubility of the precipitate and 
increases the inflexion at the end-point. 

Cyanide.— Two breaks are obseried in the 
potential titration curio : the first corresponds 
to the formation of Ag(CN)l>and the second 
to the precipitation of all the cyanide as AgCN. 

The cyanide titration may be used for the 
indirect estimation of cobalt nickel, and zinc : 
excess of a standard solution of potassium 
cyanide is added and back-titrated with silver 
nitrate to the first inflexion, corresponding to 
the formation of Ag(CN)J from the excess free 
cyanide. The remainder of the cyanide is then 
present either as Co(CN)»". N«(CN)*\ or 
Zn(CN) 2 , resjiectively, and thus the amount of 
the corresponding metal can be determined. 

Halides. — Chloride, bromide and iodide ions 
in solution may be titrated with great accuracy. 
Even in dilute solutions satisfactory results are 
obtainable : with chloride at 0 001 A', bromide 
at 0001A r , or iodide at 0 0003 X, the error need 
not be more than 1%. Theoretically, it should 
be possible to estimate the amounts of the 
separate halides in a mixture, since the breaks 
for complete precipitation occur in the order 
of increasing solubility of the silver salts, i e. 
first iodide, then bromide and finally chloride. 
A source of error is the adsorption of one silver 
halide by another ; this is best obviated by 
addition of 5% barium nitrate to the titrated 
solution. Ammonium nitrate may be used 
instead, and this is recommended when detecting 
small amounts of chloride in the presence of 
iodide. If it is desired to estimate traces of 
Cl' in the presence of other halides, it is pre 
ferable to destroy the latter, for example, by 
boiling with sulphuric acid and sufficient per- 
manganate (see Clark, J.CS. 1926, 764). 

Mixtures of cyanide with halides can be 
titrated potent io metrically ; the first inflexion 
is due to the formation of Ag(CN)i, then follows 
that for sill er iodide. If chloride and bromide 
are present these precipitate together with siher 
cyanide, and so the third break corresponds to 
the complete formation of these silver salts. 
It is thus not possible to estimate chloride and 
bromide separately in the presence of cyanide, 
but one or the other can fee determined, since 
the amount of cj anide can be obtained from the 
Ag(CN)a break. The results nre generally 
accurate to about 1 ot 2%. 


For the determination of silver itself m 
tion best results are obtained n ith sodium « 
potassium chloride as titrant. 

Phosphate . — The method is the same u for 
arsenate. 

Sulphide . — Alkali or hydrogen sulphide can be 
titrated by silver nitrate with good accumj : 
some authors recommend the use of an am- 
moniaeal silver solution as titrant. The sulphide 
solution should be more concentrated tka 
0 02iV ; jf more dilute, better results art 
obtained by titrating with mercune chloride, 
using a mercury indicator electrode. 

Thiocyanate . — This is best titrated in the 
presence of 1% barium nitrate to minimise 
adsorption errors- Silver bromide and tko- 
cyanate have similar solubilities and precipitate 
together; hence it is not possible to estimate 
each separately in a mixture. Chloride and 
iodide, especially if barium nitrate is added, 
and cyanide can be titrated in the presence ol 
thiocyanate : the first break indicates com 
pletion of Ag(CN)j formation, the next silver 
iodide, and the third to tbe complete precipi 
tation of silver bromide, chloride, cyanide, and 
thiocyanate. It is evident that limited mixtures 
only can be analysed potontiometneally, but 
even then the method is superior to any other. 

Oxidation-Reduction Processes.— In tbe 
past the potentiometnc method has found its 
main scope in oxidation reduction titrations, 
but the disco veiy of suitable indicators has 
tended to minimise the importance of this 
application. The titration of a reduced snb- 
stance,. Red. I, by an oxidising agent. Ox. II, 
may be represented in its simplest form by: 
Red. I-f Ox. II?=iOx, I+Rcd II, where Ov. I and 
Red. II are the oxidised and reduced forms, 
respectively, of I and II. In the vicinity of the 
end point the concentration of Red, I decreases 
rapidly, whereas that of Ox. I increases corre- 
spondingly. An unattackable electrode, eg. 
a clean, smooth, platinum wire or foil, placed in 
the titrated solution attains a potential deter 
mined by the ratio of the concentrations (Ox. 1) 
(Red. I) ; hence near the equivalence point- 
the electrode potential will undergo rapid change. 
The maximum Aw/ Ar does not coincide exactly 
with the true end-point, but the discrepancy 
is very small if the equilibrium constant of the 
titration process, i.e. (Os. I) (Red. II)/(Itcd. I) 
(Ox. II), is large. The more complete the 
oxidation of Red, I by Ox. II in the titration 
the smaller will be the error. The inflexion 
in tbo potential titration curve near the equi- 
valence point 19 greater the larger the equili- 
brium constant and the more concentrated tho 
titrated solution ; hence, under such conditions 
that the reaction in the titration is virtually 
complete, the end-point can be determined 
accurately, provided the solutions are not too 
dilute. 

As a general rule an oxidation reduction 
electrode is set up very simply : a clean platinum 
wire is inserted into the solution, and equili- 
brium sets in rapidly after each addition ol 
titrant. In some instances the potential 
depends on the p u of the electrolyte, and so 
care should be taken to avoid changes in the 
acidity duo to extraneous causes . The follow uig 
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are the chief estimations which can be carried 
out potentiometrieally. 

Arsenic. — Tervalent arsenic may be titrated 
in concentrated hydrochloric acid solution (4 A" 
at end of titration) with ceric sulphate, iodine 
monochloride (made by dissolving 2 mols. 
potassium iodide, about 0-007 M, to 1 mol. iodate 
in water, and adding an equal volume of con- 
centrated hydrochloric acid) being added as 
catalyst. In a slightly alkaline solution, for 
example, in presence of sodium carbonate, 
arsenite may be titrated very accurately with 
permanganate. Sodium hypobromite can also 
be used as titrant in alkaline solution ; 0-001 A T - 
arsenite can thus be estimated within 1%. The 
titration of tervalent arsenic in 5% hydrochloric 
acid by means of bromate is particularly suitable 
for dilute solutions. 

Antimony. — In the tervalent state antimony 
may be titrated with dichromate, bromate or 
ceric sulphate in acid solution : in the latter 
case 0-0005 M -iodine monochloride should be 
present as catalyst. -The antimony should be 
reduced, if necessary, by means of sulphite 
and acid before titration. Antimonates may 
be titrated quantitatively with titanous chloride 
(or sulphate) at 90°-95° ; arsenates do not 
interfere. 

Aromatic Amines. — The amine is dissolved in 
100 ml. of 2A r -hydrochloric acid, 10 ml. of 20% 
potassium bromide added and the resulting 
solution titrated with 0-2A T -potassium bromate. 
The inflexion occurs, in general, when the 
formation of the tribromo-compound is complete. 

Azo-Compounds. — Excess of titanous chloride 
is added in hydrochloric acid eolution, the mix- 
ture boiled for 5 minutes, air being absent, and 
then back-titrated with ferric alum, in the 
presence of thiocyanate, at room temperature. 
In certain cases direct titration of an azo- 
compound with a titanous solution can be per- 
formed using Rochelle salt as a buffer. 

Cerium. — Ceric sulphate can be estimated in 
a variety of ways, since it is so often used as 
titrant ; ferrous (ammonium) sulphate and 
sodium oxalate are, however, probably best 
(see Oxalic Acid). 

Copper. — Solutions of copper, even when quite 
dilute, may be titrated, in the presence of acetic 
acid, with thiosulphate after the addition of 
potassium iodide ; nickel, bismuth, aluminium, 
zinc, silver, lead and stannic tin do not interfere. 
Tho harmful effect of ferric iron is eliminated 
by adding sodium pyrophosphate. Copper solu- 
tions to which excess of iodide or thiocyanate 
have been added may be titrated with titanous 
solution at 55°. If ferric salts are present these 
should be reduced first, then potassium thio- 
cyanate added and tho copper titration com- 
pleted in acid solution at room temperature. 

Dichromate. — The usual titration with ferrous 
iron in acid solution can be performed potentio- 
metrically, and in the presence of 20% sulphuric 
acid dichromatc may be estimated by arsenious 
oxide. The latter method is of particular use in 
vanadate solution, since in the presence of a little 
ferric iron this is not reduced by the arsenious 
oxide. Cobalt and, particularly, manganese 
interfere with the titration, but nickel, phos- 
phate and molybdate do not. 
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Ferric Iron. — Tor the direct titration a 
titanous salt appears to be best : the ferric 
solution should be acid and the reaction should 
be carried out at room temperature. Copper 
salts do not interfere. 

Ferrous Iron. — The end-point for any of the 
usual titrations, e.g. with dichromate, perman- 
ganate or ceric solution can be determined 
potentiometrieally if required. 

Ferricyanide. — Titanous chloride, or sulphate, 
can be used for the titration which should be 
performed at ordinary temperatures. Accurate 
results are obtainable in tartrate solutions. 

Ferrocyanide. — Estimation by permanganate 
gives accurate results ; the titrated solution 
should be about 1-5 N in sulphuric acid. It has 
been stated that hydrochloric acid does not inter- 
fere with the process. Ferrocyanide in 1-2A'- 
acid solution may be estimated with ceric 
sulphate. 

Hydrogen Peroxide. — The titration with ceric 
sulphate is relatively slow, and equilibrium is 
established more rapidly in 0-5-3A r -hydrochloric 
or acetic acid solution. 

Hydroquinone. — This can be estimated poten- 
tiometrically by iodine, but very accurate results, 
in acid solution, are obtainable with eerie sul- 
phate as titrant ; the results are so exact that 
the method has been proposed for the standardi- 
sation of eerie solutions. 

Hypochlorite. — The titration by arsenious 
oxide should be carried out in bicarbonate solu- 
tion. 

Iodide. — In 0-2-0-5A T -acid, solutions can be 
accurately titrated with permanganate. This 
process may be utih'sed to estimate bromate and 
iodate : an excess of standard potassium iodide 
is added and the residue back-titrated with per- 
manganate. The direct titration of iodide by 
iodate, in the presence of sulphuric acid, can 
also be carried out accurately ; the method 
can be used to determine either iodide or 
iodate. 

Lead. — If the solution is more than 0-0 131, 
lead may be estimated by standard ferrocyanide, 
containing a little ferricyanide to set up a 
reversible oxidation-reduction system ; the 
titration is best performed at 75°. Large amounts 
of acetate interfere with the process because 
of the formation of complex ions containing 
lead. 

Mercury. — Mercurous mercury is estimated by 
oxidising with hot (not boiling) ceric sulphate in 
an acid solution, and back-titrating excess of 
cerium with standard ferrous solution. Tho 
mixture should contain a large excess of cerium, 
but not too much acid. If appreciable amounts 
of mercuric compounds are present a blank esti- 
mation should be carried out with an approxi- 
mately equal amount of mercuric salt. In the 
mercuric form, mercury may be determined by 
titanous solution ; to 200 ml. of titrated solution 
should be added 2 g. tartaric acid, 3-10 g. 
ammonium acetate (depending on the acidity), 
15 g. ammonium chloride, and 5-10 ml. 0-lA T - 
bismuth chloride to act as catalyst. The actual 
titration is carried out in the cold, after boiling 
to expel air. 

Litrite. — With permanganate as reagent, the 
nitrite is run slowly .into a definite amount of 
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the acidified solution <it 15'' ; the process ma.\ 
also he performed with ceric sulphate ns oxidising 
agent. 

Nttro-Compounds. — About 30 ml of 20% tri 
sodium citrate are added to the solution to be 
titrated, and air removed by carbon dioxide ; 
titanous solution, standardised against feme 
alum in the presence of citrate, is then added 
slowly until the solution is dark violet. The 
excess of titanous salt is back titrated with a 
standard ferric solution. 

Organic Acids and Salts. — Citnc, glycollic, 
malic, malonic, and tartaric acids can be oxidised 
by heating for 30-60 minutes at D0°-100° with 
excess cenc sulphate m 2-3A’-sulph uric acid. 
The results are reproducible but not stoicheio 
metric, and it is necessary to find the appropriate 
factor for the ceric solution by separate experi- 
ments with each acid under the conditions em 
plowed in the estimation. 

Oxalic Acid and Salts. — This acid differs from 
those just mentioned in so far as it is oxidised 
stoicheio metrically to carbon dioxide and water 
by means of ceric sulphate : the process may 
be earned out in A T -hydrochlone or sulphunc 
acid at 70°-90°, or at room temperature if 
0 0005 M iodine chloride is added. Very ac 
curate results ore obtainable, and sodium 
oxalate can be used to standardise cenc solutions 
(j i ). The method may be employed to esti- 
mate metals forming insoluble oxalates , the 
precipitates can be dissolved in acid and 
titrated m the manner indicated. The familiar 
titration of oxalic acid at 70° in the presence of 
sulphuric acid by means of permanganate can 
be performed potentiometncally. 

Permanganate. — Any of the processes in which 
permanganate acts as titrant may be applied 
equally to its estimation ; the best results are 
probably obtained with ferrous salts, iodides, 
or oxalic acid. 

Phenols. — The method, using bromnte, is the 
same as described for aromatic amines (g.r.). 

Sulphurous Acid and Salts — An excess of 
standard permanganate is added to the alkaline 
sulphite solution which is then acidified ; the 
remaining permanganate is removed by a small 
excess of standard iodide, and the latter finally 
back-titrated with permanganate Alternatively 
sulphites may be estimated by running into 
standard iodate containing l-3N-sulphunc 
acid ; two breaks are observed in the potential- 
titration curve, the first corresponds to the 
formation of sulphate and free iodine, and the 
second to Bulphate and iodide ions. 

Thiosulphate. — The conventional titration with 
iodine is probably best for potentiometnc esti- 
mation. 

Tin. — Stannous tin may be quantitatively 
oxidised to the stannic state by permanganate 
or dichromate. In strongly alkabne solution 
stannous ions may be estimated by ferroex amde 
containing a little ferncjanidc. 

Titanium. — After reduction to the titanous 
state in a cadmium reductor (Treadwell, Helv. 
Chim. Acta, 1921, 4, 551) titanium can be 
titrated in various ways, the employment of 
permanganate being recommended. In. the 
presence of iron the first break in the potential- 
titration curve corresponds to the completion of 


the process Ti m — Ti 1 ', and the second to 
Fe 11 -*- Fe m . 

Uranium. — The uranium compound is first 
reduced in a slightly acid medium to the ll'v 
state in the cadmium reductor (e. supra) : the 
solution is then warmed and titrated with per- 
manganate in a current of carbon dioxide, 
when the oxidation U lv — *■ U VI takes place. If 
ferrous iron is present it is subsequently oxidised 
and a second break is observed in the titration 
curve. The reduction of U' 1 to U nI may be 
earned out quantitatively with a titanous salt 
in a solution containing a large amount of 
Rochelle salt at 75°. If a ferric salt is present 
it may be first estimated in hydrochloric acid 
by the titanous compound ; ltochelle salt is 
then added and the uranium determined. 

Vanadium. — Vanadyl solutions can be titrated 
m fairly concentrated acid solution with either 
permanganate at ordinary temperatures or 
cenc sulphate at 5Q o -G0° ; in the presence of 
ferrous iron tho first break in the potential, in 
cither case, represents its complete oxidation to 
the ferric state, and the second the oxidation 
of the vanadjl (V IV ) to the vanadate (V v ) 6tatc. 
The ceric titration has been adapted to the 
estimation of vanadium in steel (Willard and 
Young, Ind. Eng Chem. 1928, 20, 972). Vanadjl 
ions can also be oxidised to vanadate in an 
alkaline medium by ferncyanidc , if caustic 
alkali is present the reaction is rapid at room 
temperatures Air should be excluded dunng 
the titration and a current of nitrogen, free from 
oxygen, bubbled through the solution. The 
reverse process, reduction of vanadate to vanadjrl 
ions, in acid solution may be performed quanti- 
tatively by ferrous sulphate, and the end point 
determined potentiometncally. This reaction 
has also been used to estimate vanadium in ateel 
{Idem, ibid. 1928, 20. 764, 769). 

Zinc. — The titration of zinc in neutral solution 
with ferrocyamde, containing a little fem 
cyanide, may be followed potentiometncally, 
the break occurring when all the zinc is precipi- 
ate as KjZn,[Fe(CN) a ]». As the electrode 
attains equilibrium slowly, the titration is 
performed at 65°, even then the results are 
about 1% low. The addition of 20 g ammonium 
sulphate to 100 ml. solution decreases the error if 
the titration is carried out at room temperature, 
but the process is very slow. Feme iron (or 
ferrous iron after oxidation) may be prevented 
from interfering by adding ammonium fluoride 
to a shgbtly acid solution; zinc may thus be 
titrated in the presence of iron. If lead is 
present the titration should be continued until 
both metals are completely precipitated ; the 
titration is then repeated after the addition of a 
slight excess of sulphuric acid to precipitate the 
lead, so that the amount of zinc is thus obtained. 
A better method for the estimation of zinc is to 
add excess of ferrocyanide and then sufficient 
sulphuric acid to make a A’-solution ; the resi- 
dual ferrocyanide is then titrated with per- 
manganate and the end-point obtained potentio- 
metncally. 

Bibliography. — Kolthoff and Furman, Po- 
tentiometric Titrations ” ; Muller, “ Dio Elek- 
trometnsche Maasanalyso " ; Sutton, Volu- 
metric Analysis,” 1933, p 143. “• 
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PHYSICAL METHODS IN CHEMICAL 
ANALYSIS. 

Spectrographic Analysis. — See section 
“Analytical Applications of Spectroscopy,” 
p. 688-692. 

Absorption Spectra . — Methods for Mapping 
Ultra-violet and Visible Absorption Spectra . — 
Recently the use of various simplified forms of 
hydrogen lamp giving continuous ultra-violet 
radiation has become common, following a 
realisation of the advantages of this type of 
spectrum over line spectra for absorption work. 
The mieropliotometer also shows to advantage 
with 'absorption spectra obtained with the 
hydrogen lamp, and by its use efforts have been 
made to derive all the absorption data normally 
required from the spectrum photograph directly. 
In the method of Moll, Burger, and Reichert 
(J. Sci. Instr. 1935, 12, 148) the absorption 
spectrum of a solution and six comparison 
spectra for the solvent are obtained with a single 
exposure. The intensities of the comparison 
spectra are graduated in a known manner, so 
that at any given wave-length the intensity of 
the absorption spectrum can be measured by 
interpolation between two comparison spectra. 
This procedure is somewhat protracted and is 
obviated in the method of Gull and Martin (J. 
Sci. Instr. 1935, 12, 379) in which one exposure 
is given for the solution and is followed by a 
number of exposures for the solvent, starting 
with that given for the solution and then de- 
creasing by amounts calculated to give a suitable 
range of extinction coefficients. Tho absorption 
spectrum together with the other spectra are 
recorded with a microphotometer in such a way 
that the absorption curve is traversed by a 
series of lines corresponding to known extinction 
coefficients. It is then possible to read directly 
from the record the extinction coefficient appro- 
priate to any point on the absorption curve. A 
similar technique is available in the visible 
spectrum using a tungsten filament lamp in 
place of the hydrogen source. 

Dielectric Constant. — The dielectric con- 
stant of a substance is defined as the ratio of 
the capacity of a condenser when its plates are 
immersed in the substance to its capacity in 
vacuo. This ratio is denoted by e and is con- 
stant over a wide range of frequencies. Measure- 
ments can be made under static electrical con- 
ditions corresponding to infinite wave-length, 
or at any frequency up to 10° cycles per sec. 
At frequencies above 10 7 the technique is rather 
difficult and the results liable to large errors. 
Measurements under static conditions are 
not . much used and the bulk of work is 
carried out with a frequency of 10 s -10 8 cycles 
per second. Such a frequency has the advan- 
tages that ordinary radio apparatus can be 
utilised, standard variable condensers of normal 
design are available, and small quantities of 
material suffice for a measurement. 

In measuring the dielectric constant, the 
problem in the case of a liquid or solid is to 
measure tho electrical capacity of a condenser 
filled first with air and then with the liquid 
or solid under investigation. For gases and 
vapours it is necessary to be able to evacuate 


completely the condenser so as to measure the 
capacity in vacuo. The cell capacity commonly 
used is about lOOppF for gases and vapours, 
and rather less for solids and liquids. Two 
types of apparatus are widely used for measure- 
ments at radio frequencies. In one a valve 
oscillator of fixed frequency excites a tuned 
circuit included in which is tho condenser con- 
taining the substaneo under investigation. Tho 
voltage developed across this circuit is measured- 
with a valve voltmeter and is a maximum at 
resonance. The point of resonance having been 
accurately determined for the empty cell, the 
medium is introduced at any desired concentra- 
tion and resonance again obtained by com- 
pensating for the change of capacity with a 
standard variable condenser. A method of this 
type has been successfully used by Groves and 
Sugden (J.C.S. 1934, 1094) for vapours. The 
second method employs two high frequency 
oscillators which are loosely coupled 60 that an 
audible beat note is produced. The condenser 
containing the substance is included in one of 
tho oscillatory circuits, and changes of capacity 
are compensated by a standard variable con- 
denser, the beat note always being adjusted to 
the same value. In some cases it is sufficient 
to tune to the “ silent point ” at which both 
oscillators are in tune and there is no beat note. 
More accurately, the beat note can be adjusted 
to be in tune with an electrically maintained 
tuning fork, or can be compared with a fixed 
audio frequency by means of a cathode ray 
oscillograph. In this latter case when the bent 
frequency bears some simple relation to the fixed 
frequency, conveniently obtained from a small 
oscillator, a characteristic Lissnjous figure is 
obtained. 

The dielectric constant is only slightly greater 
than unity for gases and vapours under normal 
conditions, is between 2 and 10 for the majority 
of liquids and solids, but may rise much higher, 
e.g. 80 in the case of water. According to 
Maxwell the dielectric constant should he equal 
to the square of the refractive index, measured 
at the same frequency, and in many cases this 
is found to be approximately true, even when 
the refractive index for visible light is used. 
In other cases the relation breaks down com- 
pletely when the frequency is not the same for 
both measurements. 

Dielectric constants aro of importance in 
connection with the measurement of dipole 
moments. Any polar molecule, that is one in 
which the mean electrical centres of the positive 
and negative charges do not coincide, will have 
a dipole moment, p, determined by tho magni- 
tude of the equal positive and negative charges 
multiplied by the distance between them. Such 
a molecule will tend to orient itself in an electric 
field but will have to contend with thermal 
agitation, the disturbing effect of which increases 
with rising temperature according to the relation 
deduced by Debye. The Debye equation ran 
be written in the form 

e— 1 M b „ ... 

c+2 ‘ T =a+ T tl ’ ' - ’ ( 1 
where M is the molecular weight of the sub- 
stance under consideration, d its density, T the 
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absolute temperature, a a constant for any 
g»en substance, and b a constant for all sub- 
stances. It is possible to obtain the dipole 
moment from this equation by a series of 
measurements made at different temperatures, 
and this procedure is invariably adopted for 
gases and vapours. In the case of solutions, for 
which the experimental difficulties are much 
less, equation (1) is assumed to hold for dilute 
solutions in non polar solvents, and measure- 
ments are made over a range of concentrations 
so that the value for infinite dilution can be 
obtained. The dipole moment is calculated for 
a single temperature as the variation with 
temperature of the dielectric constant of a 
solution is not easily measured. The influence 
of solvent is, however, unfortunately not entirely 
eliminated bj extrapolation to infinite dilution, 
and the results with vapours, although relative!} 
few in number, seem definitely to be preferred. 
\ nlues obtained for substances in the vapour 
state and in solution generally agree within 10%. 
A stud} - of dipole moments leads to interesting 
conclusions with regard to molecular structure, 
and in many cases for molecules containing 
several polar groups it is possible to calculate 
the total dipole moment for each molecule by 
adding aectonally the various group moments. 
A full account of recent work on dipole moments 
is given by Glasstone “Recent Advances in 
Physical Chemistry," London, 1936. 

A practical application of dielectric constants 
which js being developed is the determination 
of moisture in substances such as tea, gram, 
flour, cigarettes and tobacco by measurement 
of the dielectric constant of a known weight of 
the material in a suitably devised condenser. 
Since the basic material of the substances men- 
tioned has a dielectric constant of the order of 
5 while the value for water is Bbout 80, it is 
apparent that the dielectric constant will be 
sensitive to small changes in the moisture 
content and comparativ ely insensitive to changes 
in the basic material. Any of the ordinary types 
of dielectric constant apparatus already men- 
tioned can be adapted for this purpose ; also 
commercial apparatus is available (Cambridge 
Instrument Cb /. Some (roufcie may be ex- 
perienced by reason of the large power loss 
inv ol ved w ith the materials mentioned, especially 
when very moist. If the damp material forms 
the dielectric of the tuning condenser of an 
oscillator, the output will be much reduced, and 
similarly if present m the condenser of a tuned 
receiving circuit, the resonance curve will be 
flattened. These effects are minimised by making 
the cell capacity small and arranging it to be 
only a fraction of the total capacity. Moisture 
content up to and above 20% can be measured, 
the relation between dielectric constant and 
moisture being approximately linear. It is 
important to calibrate the apparatus with 
material similar to that for which the method is 
required, the moisture for this purpose being 
determined by oven dr}ing or other convenient 
means. A. E. M. 

Pola rogra p h 1 c Ana lysis. — Automatically 
recorded current-voltage curves for a dropping 
mercury electrode mav be emplovcd for the 
quantitative and qualitative anal} sis of an 


aqueous or alcoholic solution containing metallic 
ions or reducible material either inorganic or 
organic. An apparatus for this purpose has 
been devised by J. Heyrovsky and M. Slnkata 
(Rcc. trav. chim. 1923, 44, 496). The hquid to 
be anal} sed forms the electrolyte in a cell A 
(see Fig. 1) of which the anode is a pool of mer- 
cury and the cathode a glass capillary tube of 
0 01-0 03 mm. diameter from which mercury 
drops at the rate of I drop in 1-1 seconds. The 
potential across the cell is 6lowly increased by 
means of a 'rotating potentiometer B which is 
directly geared to the recording drum C around 
which is wrapped a piece of photographic paper. 
The current flowing through the cell is recorded 
on the drum by a spot of light reflected from 
the mirror of the galvanometer D which is 
connected in series with the cell by way of the 
variable shunt resistance E. This shunt enables 
the sensitivity of the arrangement to be varied 
as necessary. 

No current is passed by the cell until the 
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deposition or reduction potential of one of the 
substances present in solution is reached. A 
sharp increase in current then results and con- 
centration polarisation seta in ; that is, the 
mercury-water interface becomes denuded of 
reducible material by electrolysis and further 
electrol}8is is limited by the rate at which fresh 
material diffuses to the interface from the main 
bulk of the solution. Further increase of the 
voltage results in no further increase in current 
until the next deposition potential 19 reached, 
when the phenomenon is repeated. In this way 
a curve consisting of a Beries of steps is obtained ; 
the voltage at which a step occurs indicates 
qualitatively the substance responsible and the 
height of the step its concentration. 

Determinations may be made in faintly acid 
(p a <£3 5), neutral or alkaline solutions. With 
the exception of Mg all the common cations 
may be detected and determined in this way. 
Where two or more substances with the same 
or but sbghtly different deposition potentials 
are present together, separation may be achieved 
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by the addition of a complex-forming reagent 
such as potassium cyanide or ammonium oxalate. 
The resulting complex ions frequently have 
deposition potentials different from one another 
and from those of the free ions. 

Among reducible substances determinable by 
this method are chromates, iodates, bromates, 
nitrates, dissolved 0 2 , H 2 0 2 , dissolved NO, dis- 
solved S0 2 , organic nitro-compounds, ketones, 
aldehydes, azo-compounds, etc. 

Numerous other analytical applications have 
been described by J. Heyrovsky and others (for 
example, Coll. Czech. Chem. Comm. 1929, 1, 19, 
387, 429, 477 ; ibid. 1930, 2, 234, 489 ; ibid. 

1931, 3, 233, 354, 396, 406, 418 ; Rec. trav. 
chim. 1925, 44, 514, 520, 528, 850 ; Mikrochem. 

1932, 12, 25). H. C. G. 

Azeotropes : Their Analysis and Use in 

the Identification of Volatile Organic 
Liquids. — When the vapour pressures of certain 
mixtures of liquids are plotted against com- 
position the curves show at particular con- 
centrations a maximum or a minimum value of 
tho vapour pressure, corresponding respectively 
with a minimum or a maximum boiling-point. 
To theso mixtures the term “ azeotropic ” has 
been applied (Wade and Merriman, J.C.S. 1911, 
99, 1004). If a mixture has a minimum boiling- 
point it is said to exhibit positive azeotropism, or 
azeotropism of the first kind ; negative azeo- 
tropism, of the second kind, is associated with a 
maximum boiling-point. Among azeotropic 
mixtures those of the first kind are predominant. 

The existence of azeotropic mixtures presents 
to the analyst both the problem of separating 
the constituents and a means of identifying 
organic liquids. Chemical methods of analysis 
may be used if ono of the constituents is an acid, 
a base, contains halogen, sulphur, etc., but in 
general physical methods are preferable. The 
solubility of one constituent in a third liquid 
may be employed, whilst If the qualitative com- 
position of a binary mixture is known its quanti- 
tative composition may bo arrived at by 
determining tho density, index of refraction, 
optical absorption, electrical conductivity, 
viscosity, or some other property, and comparing 
tho value obtained with those for a series of pre- 
pared mixtures of known composition. 

In addition, tho following distillation methods 
have wido applicability. 

(I) To tho binary azeotrope a third substance 
is added which forms a tertiary azeotrope with 
the other two. Since the ratio between the 
weight of tho two constituents in the binary 
mixturo differs from their ratio in the tertiary, 
then if tho tertiary mixture has a boiling- 
point sufficiently lower than that of the original 
mixture a separation can be made (Young, 
J.S.C.I. 1900, 19, 1072). For example, the 
distillation of wot ethyl alcohol to which 
benzeno has been added gives a first fraction at 
64-86° of the tertiary azeotrope H 2 0-Et0H- 
C 6 H-; at 08-24° if sufficient benzene has been 
added a mixturo of EtOH and C 6 H 6 distils, 
and finally at 78-3° pure alcohol alone. In 
practice this particular example is wasteful, 
but the method can be applied to the dehydra- 
tion of other alcohols (e.g. isopropyl, fer-butyl, 
allyl). 
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(2) A third substance is added which 
forms another binary azeotrope with ono 
of the constituents, tho boiling-point of 
which is lower than that of the original 
azeotrope. On distillation the new azeotropo 
first comes off leaving behind the other con- 
stituent. 

(3) The following empirical relationship de- 
duced by Young and Fortey (J.C.S. 1902, 81, 
717, 739; 1903, 83_, 45) is applicable to many 
cases. For a positive azeotrope the ratio of the 
weight of the constituent not in excess in tho 
original mixture and the weight of the distillate 
below the mid-point (i.e., the temperature mid- 
way between the boiling-points of the con- 
stituents) is equal to the proportion of that 
constituent in the binary mixture. For negative 
azeotropes the ratio between the weight of tho 
constituent not in excess and the weight of the 
residue at mid-point is equal to the proportion 
in the original mixture. Thus, knowing the 
proportion of tho constituents in the azeotropic 
mixture, the composition of the original mixture 
may be determined. This method is also 
applicable to non-miscible and partially miscible 
mixtures, but it is unsuited to systems in which 
the azeotropic temperature is near to the boiling- 
point of one constituent, if that constituent is in 
excess. 

(4) The variation in composition of the azeo- 
trope with pressure (e.g. Swientoslawski and 
Karpinski, Compt. rend. 1934, 198, 2166) may 
be used as the basis of an analytical method. 
For example, the azeotrope, EtOH-C c H 6 , 
boiling under reduced pressure, at 0°C. contains 
4-5% EtOH ; at 100°C. it contains 45% EtOH 
(Rabcewicz-Zubkowski, Rocz. Chem. 1933, 13, 
193, 334). 

Data essential for the working of the first 
three methods aro to be found in the extensivo 
tables of azeotropes given in the literature, 
notably in Maurice Lecat’s “ L’Azeotropisme,” 
Lamartin, 1918, Bruxelles and in his subsequent 
publications (e.g. Z. physical, Chem. 1930, 146, 
232; Bull. Acad. roy. Bclg. 1929, [v], 15, 1073; 
Ann. Soc. Sci. Bruxelles, 1929, 49, 261; 1930, 
50, 18). 

The formation of azeotropes may be utilised 
for the identification of unknown volatile 
organic liquids, preferably in the pure state, 
although the presence of minor impurities 
does not seriously interfere. The method is 
limited to substances which boil without de- 
composition at atmospheric pressure and consists 
in measuring the difference in temperature 
between tho boiling-point of one of a series of 
standard liquids and that of tho binary azeotrope 
formed by the standard and the unknown liquid. 
Lccat’s publications give constants for a series 
of tho most suitable standard liquids which 
may be added to the unknown liquid boiling 
between 80° and 225°C., together with the degree 
of azeotropism which may bo expected with 
different types of unknown compounds. In 
some cases two or three binary mixtures may 
have to be examined before the unknown cun bo 
completely identified. 5-20 g. of the unknown 
are required and the maximum time needed for 
examination is 4-5 hours. 

H. C. G. and H. K. \V. 



